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Introduction

A life well-lived depends on a delicate balance between immediate and delayed
rewards, between convenience and effort expenditure, and between letting go and hanging on.
By keeping higher goals in mind, people may choose to resist an excess of leisure in favor of
personal growth, for example, or permit themselves to give in to the pleasure of a well-earned
vacation. That is, throughout life, people need to flexibly adapt their efforts to control their
behavior.
The task of adapting one’s efforts to varying life demands has been of longstanding
interest to self-regulation researchers (e.g. Brehm and Self, 1989; Carver and Sheier, 1988;
Duval and Wicklund, 1972; Kuhl, 1984). In more recent years, however, this topic has
attracted increased attention among cognitive psychologists, who have become interested in
the question how people adjust their levels of cognitive control to changes in task demands
(Botvinick et al., 2001). Relatively to self-regulation research, cognitive control research has
conducted more fine-grained analyses of active control processes in seemingly affectively
neutral tasks that are somewhat artificial, but also subject to higher levels of experimental
control. Despite these methodological differences, it is becoming increasingly apparent that
self-regulation and cognitive control strongly overlap (e.g. Jostmann and Koole, 2007;
Robinson et al., 2010)
One area in which cognitive control research is particularly converging with selfregulation research has focused on the affective modulation of cognitive control (e.g.
Dreisbach and Goschke, 2004; van Steenbergen et al., 2009). Originally, most researchers
thought of cognitive control as a ‘cold’

cognitive process that operates more or less

independently of affective processes. Recent studies, however, have shown that cognitive
control is strongly modulated by affective factors, such as reward, humor, and mood (e.g.
Dreisbach and Fischer, 2012b; van Steenbergen et al., 2014). Moreover, there appears to be
significant overlap in brain areas involved in cognitive control and affective processes
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(Shackman et al., 2011). These new findings have great potential for not only informing
cognitive control research, but also self-regulation research, which has traditionally paid more
attention to emotion (e.g. Baumeister et al., 1994; Koole, 2009; Kuhl, 2000). To further exploit
this potential, the present chapter will review recent research on the affective modulation of
cognitive control.
In the following paragraphs, I set the stage with a brief discussion of modern research
on cognitive control and control adaptation processes. Next, I turn to theories about affect
and cognitive control and effort, and how these would predict affective modulation of control
adaptation. This is followed by a review of recent empirical findings concerning the hedonic
marking of cognitive control, and the effects of emotions, affect, stress, and stress-related
psychopathology on cognitive control adaptation. I further reciew recent neuroimaging
studies that hint at a possible neural mechanisms that supports hedonic regulation. Finally, I
summarize my main conclusions and consider implications of this work for understanding the
biobehavioral foundations of self-regulation.

1.1 Cognitive control and adaptation
One central issue that experimental psychologists have been examining since the 1950s
is how humans are able to focus their attention on relevant information and shield it against
distraction from irrelevant information. This process, referred to as executive function or
cognitive control, is thought to originate from prefrontal neural systems that orchestrates
goal-driven behavior and self-control (Norman and Shallice, 1986; see also Broadbent, 1958;
Posner and Snyder, 1975; Shiffrin and Schneider, 1977).
Cognitive control is typically investigated with laboratory tasks assessing response
times, such as the classical Stroop task (Stroop, 1992). The latter task requires participants to
name the ink of color words, whereas the word itself should be ignored. When the name of a
color (e.g., "blue," "green," or "red") is printed in a color not denoted by the name (e.g., the
word "green" printed in red ink instead of green ink), people are typically slower to name the
colors and tend to make more errors compared to when the color of the ink matches the name
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of the color. This so-called “Stroop” effect shows that controlled processing usually cannot
completely overcome the automatic tendency to read the word (Cattell, 1886; Macleod, 1991).
Because the efficiency of focused attention in the Stroop task determines performance, this
paradigm is a valuable tool to investigate the dynamics of cognitive control under the
influence of modulating factors, such as affect and motivation. Similar measures can be
obtained with other laboratory conflict tasks, such as the flanker task (Eriksen and Eriksen,
1974) and the Simon task (Simon, 1969).
One important function of cognitive control is to adapt the cognitive system to
situational demands (Kahneman, 1973). Because energy is limited, people typically invest
effort only proportionally to the demands at hand (Ach, 1935; Brehm, 1999; Hillgruber, 1912),
and such adaptation has been observed in physiological measures of effort mobilization
(Gendolla and Richter, 2010). Notably, similar adaptation also occurs on a trial-to-trial level
in conflict tasks that use a mixed presentation of incompatible and compatible stimuli (see
Figure 1A). Here, the conflict of the immediately preceding trial typically results in an
adjustment in performance indicative of an increase in cognitive control (Egner, 2007;
Gratton et al., 1992). Specifically, as shown in Figure 1B (left panel) the Stroop effect is smaller
on trials that follow incompatible (conflict) trials than on trials that follow compatible (noconflict) ones. This sequential congruency effect has often been dubbed "conflict adaptation",
and is thought to reflect an adaptation in cognitive control driven by the conflict in the
previous trial (Botvinick et al., 2001; Egner, 2007; Gratton et al., 1992; for alternative views see
Hommel et al., 2004; Mayr et al., 2003; Schmidt, 2013).
Conflict monitoring theory (Botvinick et al., 2001) has proposed that adaptations in
cognitive control originate from signals involving a conflict monitor localized in the medial
parts of the prefrontal cortex, in particular the anterior cingulate cortex (ACC). The ACC is
thought to signal the need for additional control to other more lateral regions in the prefrontal
cortex that implement subsequent top-down control (Botvinick et al., 2001; Botvinick et al.,
2001; cf. Berlyne, 1960). More recent work has shown that trials involving difficulty without
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conflict also trigger behavioral adjustments, as observed in tasks that use words that are
difficult or easy to read (Dreisbach and Fischer, 2011). It is thus likely that signals from the
ACC indicating differences in task difficulty or disfluency are sufficient to drive adaptations in
cognitive control. In this chapter, I will therefore use the term "control adaptation" or
"adaptive control" to refer to adaptations in cognitive control in response to changes in task
demands.

1.2 Theories about affect and cognitive control
It has long been recognized that focused attention is not only needed in situations of
cognitive demands and conflict, but that it should also be mobilized when coming across
dangerous situations where habitual actions are maladaptive (Baddeley, 1972; Norman and
Shallice, 1986). Cognitive control adaptations might thus be driven by negative affective
signals in general, of which conflict and demands are just a special case. Indeed, the idea that
negative states modulate attention has a long tradition in psychology. For example, a link
between negative affect and increased attentional focus has been suggested by theorists such as
Easterbrook (1959), Derryberry and Tucker (1994), Schwarz (1990) and Fredrickson (2001),
and it has been proposed that these changes reflect an effect of top-down control processes
(Rowe et al., 2007; Vanlessen et al., 2013).
However, studies that have directly tested whether negative affective valence produces
a sustained increase in attentional focus and cognitive control have provided mixed findings.
Whereas the visual scope of attention has been found to be modulated by affective states when
using the Navon task or detection tasks that involve neural measures of visual processing
(Gasper and Clore, 2002; Rossi and Pourtois, 2012; Schmitz et al., 2009; Vanlessen et al.,
2013), evidence for a similar affective tuning in conflict tasks is less consistent. Although some
studies observed that, compared with positive affect, negative affect increase sustained
cognitive control and thus reduces the main interference effect (e.g., the Stroop effect), other
studies have not observed such direct effects (e.g. Chajut and Algom, 2003; Bruyneel et al.,
2013; Martin and Kerns, 2011; Rowe et al., 2007; van Steenbergen et al., 2011). In addition,
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recent work has also suggested that affective tuning effects are more context-specific than
previously thought (Huntsinger, 2012). Moreover, some researchers have suggested that
motivational intensity rather than affective valence drives attentional tuning (Kuhl, 2000; Kuhl
and Kazen, 1999; Gable and Harmon-Jones, 2008; Gable and Harmon-Jones, 2010). Which
affective dimensions determine attentional breath is an issue currently under discussion (cf.
Friedman and Forster, 2010; Friedman and Forster, 2011; Harmon-Jones et al., 2011) and
outside the scope of this chapter.

1.3 A new approach: Testing effects on control adaptation
In a more recent line of research, we have investigated the modulation of dynamic
adaptation in cognitive control rather than the direct modulation of the interference effect
itself. Changes in control adaptation may occur when affective states introduced in the task
modulate emotional responses that were triggered by the task demands. Such indirect
modulation might influence the strength of adaptive control as measured in trial-to-trial
adjustments. As illustrated in Figure 2B, such indirect effects on control adaptation can be
dissociated behaviorally from direct effects on base levels of control. In other words, instead of
a general reduction of the interference effect which would reflect an enhanced sustained or
base level of interference control (Figure 2B mid panel), increased control adaptation is
indexed by a reduced interference effect following a previous conflict trial only (Figure 2B
right panel).
The basic assumption of this line of research is that demanding situations trigger a
negative, aversive state (cf. Botvinick, 2007; Proulx et al., 2012). Ideas along these lines go back
to the classic ‘law of least effort’ (e.g. Gibson, 1900; Hull, 1943), which states that organisms
tend to minimize the amount of effort they put into a task. Consequently, demands are
typically evaluated as being costly and trigger avoidance behavior when possible (Botvinick,
2007). One of the functions of this demand-driven negative affective state may be to guide
future behavioral optimization, such as the improvement of control in order to avoid future
occurrence of conflict (van Steenbergen et al., 2009). That is, demands might become
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hedonically marked (Lewin, 1935; Morsella et al., 2011; Winkielman et al., 2003), and the
aversive state associated with demands might help to subsequently mobilize cognitive effort.
Affect introduced during demanding tasks is expected to modulate demand-driven
effort mobilization in an affect-congruent way (cf. Cabanac, 1992). That is, positive affect
might undo the negative state triggered by the demand, whereas negative affect might intensify
it. Evidence for undoing effects comes from studies showing that positive affect counteracts
cardiovascular aftereffects of negative affect (Fredrickson et al., 2000). Relatedly, mood states
may carry diagnostic information (Schwarz and Clore, 1983) which determine how task
demands are evaluated. The amount of effort mobilized may depend on these appraisals
(Gendolla, 2000). Accordingly, negative affect increases the perceived task difficulty resulting
in increased effort mobilization, albeit only as long as success is experienced to be possible and
worthwhile (Gendolla, 2000; cf. Brehm and Self, 1989; Kahneman, 1973; Kukla, 1972).
Control adaptation may thus go hand in hand with these changes in effort.
Figure 1B illustrates how affect might regulate the transient trial-to-trial adaptations
typically observed in cognitive control tasks. If it is the aversive quality of a demand that drives
the improvement of cognitive control observed following conflict, it should be possible to
modulate such control operations using an affect induction. Accordingly, positive states may
reduce conflict-adaptation whereas negative states increase it (see Figure 1B right panel, for an
example of increased adaptation).

1.4 Hypothesized neural mechanism
At the neural level, affect might regulate cognitive control via subcortical areas
modulating the prefrontal cortex (PFC) (Miller and Cohen, 2001). The need for allocating
additional cognitive control may be signaled by medial parts of the PFC, in particular the
ACC. According to conflict monitoring theory, conflict is detected in the ACC, which drives
control adaptation by signaling the need for amplified goal-related processing to the lateral
PFC (Botvinick et al., 2001). More recently, it has been shown that the ACC not only monitors
information processing conflict and demands, but that it also responds to many events
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involving negative affect, such as monetary loss, pain, negative feedback, and social rejection
(Botvinick, 2007; Bush et al., 2000; Shackman et al., 2011). It is thus possible that affective
modulation of control adaptation is supported via the neural integration of demand-related
and affective-state signals in the ACC.
Preliminary evidence for the integrated coding of the conflict and affective signals in
the ACC comes from studies measuring the so-called error-related negativity (ERN) in
affective contexts. The ERN is a change in electrical brain potentials that occurs quickly after
people have made a mistake. Localization studies indicate that the ERN likely originates from
the ACC (Ridderinkhof et al., 2004) and might reflect the affective evaluation of performance
errors (Hajcak, 2012). Several studies have shown that negative affect is associated with
amplified ERNs (e.g. Aarts and Pourtois, 2010; Luu et al., 2000; Wiswede et al., 2009a)
whereas positive affect is related to reduced ERNs (e.g. van Wouwe et al., 2011; Wiswede et al.,
2009b). A similar modulation in the ACC during correct conflict trials might drive the
modulation of adaptive control. That is, the ACC response to demands might be amplified in
a negative affective context, which consequently increases control adjustments. Similar effects
have been observed in a wide range of other palliative adaptations in response to changed task
demands (Proulx et al., 2012).
The possibly opposing influences of demands and positive affect might reflect some
compensatory effects at a neurotransmitter level. For example, Holroyd and colleagues
(Holroyd et al., 2008; Holroyd and Coles, 2002) have suggested that negative and positive
events interact via dopamine modulation, which drives ACC activity. Conversely, there is
evidence suggesting that the ACC sends feedback signals down to the midbrain, via the
striatum – the input structure of the basal ganglia (BG) – to inhibit dopamine neurons (Frank,
2005). Moreover, animal studies have shown that that both the striatum and the pallidum –
the BG output structure – are involved in positive states. In particular, regions within the
ventral striatum (VS) and ventral pallidum (VP) comprise so-called "hedonic hotspots", which
generate hedonic states in animals when stimulated depending on opioid signaling (Haber and
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Knutson, 2010; Kringelbach and Berridge, 2009). We have hypothesized that affective
influence on adaptive control is supported by neural interactions between these hedonic
hotspots and the ACC (cf. Botvinick et al., 2009; Haber and Knutson, 2010; Heimer et al.,
1982).

2 Review of Empirical Findings
2.1 The hedonic marking of cognitive conflict
Although there is quite some evidence that processing fluency becomes hedonically
marked (e.g. Morsella et al., 2011), researchers have only recently started to study whether
conflict as elicited in cognitive control tasks also elicits negative affect. Using a variant of the
affective priming task, Dreisbach and Fischer (2012a) have introduced congruent and
incongruent Stroop color-word primes before an affective target. They found that incongruent
Stoop color-words facilitated the evaluation of negative targets. This data thus support the
idea that conflict stimuli are automatically evaluated as negative events which then facilitates
the evaluation of negative targets and slow down the evaluation of positive targets.
In a follow-up study, Fritz and Dreisbach (2013) have demonstrated that Stroop colorword primes also affect the spontaneous judgments of subsequent affective neutral stimuli.
Here it was observed that neutral target stimuli were more frequently judged as negative after
conflict than after nonconflict primes. This study thus provides converging evidence for the
idea that Stroop conflict is associated with negative evaluation.
Studies from other labs have focused on avoidance behavior possibly triggered by
cognitive conflict. In line with data showing that participants avoid cognitive demands (Kool
et al., 2010), it has been shown that participants systematically avoid choosing a task with a
high proportion of conflict trials (Schouppe et al., 2013). Higher urge to quit following
incongruent trials has also been reported (Lynn et al., 2012).
Schouppe and colleagues (Schouppe et al., 2012) have suggested that in standard
conflict tasks pressing a response button associated with the correct target could actually be
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qualified as an approach response. If conflict triggers avoidance actions, it is therefore possible
that the typical slowdown observed on incongruent trials might reflect an incompatibility
between the elicited avoidance tendency and the required approach response. If this is true,
the compatibility effect would be reduced when participants use an avoidance response. This
was indeed what their data showed, especially for Stroop trials inducing stimulus conflict.
Additional evidence for the affective marking of conflict comes from studies using
psychophysiological measures of affect. For example, many studies have shown that conflict
processing across different tasks is associated with elevated levels of arousal as measured with
galvanic skin response (GSR) and pupil dilation (Brown et al., 1999; Laeng et al., 2011; Siegle
et al., 2004; Siegle et al., 2008; van Bochove et al., 2013; van Steenbergen and Band, 2013; van
Steenbergen et al., 2013). Such findings suggest that elevated emotional arousal might be an
important characteristic of conflict processing, in particular because trial-to-trial effects in
arousal closely mirror similar behavioral patterns of control adaptation (van Steenbergen and
Band, 2013).
We have suggested that it is likely that only certain types of emotional arousal – such as
those combined with a negative valence (cf. Thayer's (1989) conception of 'tense arousal')
drive improved control and adaptation effects (van Steenbergen et al., 2011; van Steenbergen
and Band, 2013). However, facial corrugator muscle activity, an established physiological
marker of negative valence that responds to aversive stimulation (e.g. Larsen et al., 2003) and
cognitive and physical effort (e.g. Boxtel and Jessurun, 1993; Cacioppo et al., 1985; de Morree
and Marcora, 2010), has been shown to be insensitive to conflict, at least when measured in a
Simon task (Schacht et al., 2010). Thus, further investigation is warranted.
Taken together, recent studies have shown to provide substantial evidence for the idea
that conflict becomes hedonically marked. Effects of conflict were observed in measures of
negative evaluation, avoidance behavior, and physiological measures of arousal. Future studies
have to investigate whether physiological measures of affective valence are also sensitive to
conflict.
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2.2 Effects of short-term affect on adaptive control
Although there is now accumulating evidence for the idea that conflict processing
elicits aversive affect, this does not necessarily prove a causal role for affect in producing
control adaptations. Demonstrating a causal role of conflict-driven aversion requires
experimental manipulation; If negative valence drives conflict-driven control adaptations,
such adaptation should be countered by a manipulation that undoes the affective consequence
of conflict (van Steenbergen et al., 2009).
In a first attempt to demonstrate this effect, we (van Steenbergen et al., 2009) have
introduced short-term positive affect immediately following conflict trials in a flanker task.
We hypothesized that a positive state introduced immediately after the conflict trial would
counteract the aversive quality of conflict and subsequent control adaptation. In the task we
presented, participants were shown happy, sad or neutral smiley faces that signaled an
unexpected monetary gain, loss or no gain/loss immediately following a response to the
flanker trial. In line with predictions, the arbitrary feedback between trials affected subsequent
control adaptations: Standard control adaptation effects were found in the loss and neutral
conditions, whereas no adaptation was observed in the gain condition (van Steenbergen et al.,
2009). Consistent with the notion that effortful situations are aversive (Botvinick, 2007), this
finding thus suggests that incompatible trials trigger a negative affective state that, unless
neutralized by a positive event such as a monetary reward, increases adaptive control. A
follow-up study using EEG replicated this modulation in behavioral adaptation (van
Steenbergen et al., 2012a).
However, more recent studies from other labs have shown that it is highly unlikely that
positive affect sui generis counteracts control adaptation. Note that in our work, feedback was
presented independently of the actual response made by the participants. In contrast, a study
by Stürmer and colleagues (Sturmer et al., 2011) that presented feedback contingently on
performance in a Simon task observed that performance-contingent reward increased control
adaptation. In another study by Braem and colleagues (Braem et al., 2012), it was also found
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that performance-contingent reward increased control adaptation. Taken together, these
studies suggest that in contrast to the decreased control adaptation observed following
random reward, performance-contingent reward actually increases control adaptation.
To account for the improved conflict-adaptation effect following performancecontingent reward, it has been suggested that reward might enhance cognitive control
(Sturmer et al., 2011). It is also possible that reward signals reinforce task-specific
representations and the response, which accounts for both increased conflict adaptation and
increased conflict-driven task switch costs observed following reward (Braem et al., 2012).
Differences in motivation rather than affect might also be important (Braem et al., 2012; van
Steenbergen et al., 2012a). In a recent review of these conflicting findings, Dreisbach and
Fischer (2012b) have speculated that the positive affective reaction produced by random gains
is different from the affective reaction triggered by successful task performance. According to
this account, successfully overcoming conflict might involve an intrinsic reinforcement signal
(Satterthwaite et al., 2012) which is further enhanced by external performance contingent
reward (Braem et al., 2012). On the other hand, non-contingent random reward might
actually counteract this signal, as it might convey information that task performance is not a
value by itself.
However, independent of these reward effects, high-arousing stimulation might also
modulate control adaptations. This was demonstrated in a recent study by Padmala and
colleagues (Padmala et al., 2011). These authors used arousing negative pictures, such as
mutilated bodies, presented as arbitrary stimuli in between Stroop trials. The data showed that
these negative pictures (in comparison to neutral pictures) prolonged reaction times and
reduced control adaptation. Their data are in line with the suggestion that arousing stimuli
may bias attention and expend or divert resources needed for control implementation (Pessoa,
2009; cf. Schwarz, 1990). Indeed, manipulation of task load (without emotional stimuli) have
also been observed to reduce adaptation effects (Fischer et al., 2008; Soutschek et al., 2013).
Notably, a very recent study by Braem and colleagues (Braem et al., 2013a) suggests that this
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effect might depend on trait punishment sensitivity. In this study, performance-contingent
punishment was shown to increase control adaptation in low punishment sensitive
participants (as measured by the Behavioral Inhibition System scale), whereas high
punishment sensitive participants instead showed prolonged conflict-driven reaction times in
the absence of increased adaptation. Thus, high-arousing stimuli that compete for shared
resources may bias attention away from the main task which might result in reduced control
adaptation.
To summarize, some data suggest that short-term positive affect can counteract
control adaptation. However, motivation and arousal are also likely to play an important role
in the adjustment of cognitive control. Future studies are needed to understand and dissociate
the influence of these effects of affect, motivation, and arousal and their possible interactions.

2.3 Effects of sustained affect on adaptive control
We have recently also started to investigate how sustained affect – as opposed to shortterm affect, i.e. emotions - induced prior to the conflict task modulates adaptive control. The
Mood Behavior Model (MBM) predicts that hedonic tone in sustained affective states such as
mood modulates the appraisal of demand-related effort mobilization (Gendolla, 2000). Along
the same lines, we have hypothesized that adaptive cognitive control is also mobilized
proportional to the level of experienced task difficulty (van Steenbergen et al., 2010). Thus,
control adaptations might be stronger when participants are in a negative mood in
comparison to a positive mood.
To test this prediction, in one of our studies (van Steenbergen et al., 2010) we have
used an affect induction procedure in order to manipulate the participants' mood state.
Critically, even though the MBM framework predicts affective valence (i.e., whether affect is
positive or negative) effects only, this study investigated the impact of other affective factors as
well. Since the work of Wilhelm Wundt (cf. Reisenzein, 1992), emotion researchers have been
using dimensional descriptions to account for the wide variety of affective states. As a result,
several different theoretical frameworks have emerged that describe affective states with
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various dimensions and structures, including Russell's (1980) circumplex model, Watson and
Tellegen's (1985) positive and negative affect distinction, Thayer's (1989) dissociation between
tense and energetic arousal, and Larsen and Diener's (1992) description of eight combinations
of pleasantness and activation. Recent psychometric studies have shown that all these models
share a similar structure, which can be described with a Cartesian space that includes the
dimensions valence and arousal (Yik et al., 1999). The valence or hedonic axis defines where
affect is on a bipolar pleasant versus unpleasant dimension, whereas the arousal axis indicates
the arousal or activation level on a low activation (sleep) versus high activation dimension.
Given these two fundamental dimensions, we investigated four groups of participants
who underwent a standard mood-induction manipulation before performing a conflictevoking flanker task. (cf. Jefferies et al., 2008). The four derived moods that were induced were
anxiety (low pleasure, high arousal), sadness (low pleasure, low arousal), calmness (high
pleasure, low arousal), and happiness (high pleasure, high arousal). In line with our prediction
that negative effect would produce stronger conflict-driven adaptation effects, we observed
reduced adaptive control for participants with low pleasure levels (anxious and sad
participants) in comparison to participants with high pleasure levels (calm and happy
participants). Notably, this effect was not accompanied or modulated by effects of arousal
level; participants with high-activation moods (anxious and happy groups) did not show
differences in adaptation effects in comparison with participants in low-activation moods (sad
and calm groups) (van Steenbergen et al., 2010).
Using a similar approach, Kuhbandner and Zehetleitner (2011) recently investigated
the effect of pleasure and arousal on performance in a visual pop-out distractor task.
Consistent with our findings, they observed reduced control adaptation for the positive in
comparison to the negative affect groups. However, unlike our results, they also observed a
main effect of arousal on sustained cognitive control as measured with the interference effect.
High-aroused participants were more sensitive to distraction than low-aroused participants.
Using computational modeling, Kuhbandner and Zehetleitner (2011) further demonstrated
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that these effects on control adaptation versus interference reflect independent effects on
control adaptation versus base level of control.
We have also studied the effect of a more implicit manipulation of bodily states,
probably associated with affective valence (Cacioppo et al., 1993; but see also Harmon-Jones
and Allen, 1998). Here, we tested whether approach and avoidance body feedback as induced
with an arm flexion versus extension also impacted control adaptation (Hengstler et al., 2014).
In line with an affective valence account, approach was indeed associated with less control
adaptation in comparison to the avoidance condition. In addition, independently of the effects
on adaptation, the avoidance state also increased sustained control as indicated by a reduced
interference effect (Koch et al., 2008; Koch et al., 2009). These findings thus suggest that
motor feedback aspects of affect might play an important role in the modulation of adaptive
control.
To summarize, across different manipulations of sustained affective states and across
different tasks, it has been observed that the valence dimension of affect determines control
adaptations: More negative affect was found to be associated with more control adaptation,
whereas more positive affect was associated with less control adaptation. Motor feedback
aspects of affect might play an important role in this modulation.

2.4 Effects of depression and stress on adaptive control
We have also started investigating the effects of depressive symptoms on control
adaptation. Here we considered that—analogous to negative mood effects in healthy
samples—dysphoria in remitted depressed individuals may similarly improve demand-driven
behavioral adaptation. Enhanced demand-driven effort recruitment in depression has indeed
been demonstrated in cardiovascular measures (Brinkmann and Gendolla, 2007).
To test the effects of depression on control adaptation, we have analyzed the effects of
a pharmacological manipulation (Acute Tryptophan Depletion) in remitted depressed
participants on control adaptation as measured in a Simon task. ATD is known to lower
central serotonin levels, which increases depressive symptoms in vulnerable populations. Our
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results confirmed predictions: ATD-induced depressive symptoms were associated with more
control adaptation (van Steenbergen et al., 2012b).
It is important to note, however, that the effects of transiently induced depressive
symptoms reported here may differ from the chronic effects observed in depressed patients. As
other studies have shown, depression has been associated with reduced control adaptation
(Clawson et al., 2013; Meiran et al., 2011; Pizzagalli, 2011). It is possible that differences in
task-difficulty appraisal account for these conflicting findings. As mentioned earlier, MBM
theory (Gendolla, 2000) proposes that the association between mood and effort mobilization
is linear only up to the point that success is possible and worthwhile for the participant.
However, when demands become perceived as too high to actively cope with, negative mood
may actually trigger demand-driven disengagement (cf. Brehm and Self, 1989; Kahneman,
1973; Kukla, 1972). Evidence for this effect has been reported in mood induction studies and
can also be shown in dysphoric participants when they perform tasks with extremely high
fixed demands (Brinkmann and Gendolla, 2008). Thus, it is possible that depressive patients
show reduced control adaptation because they experience conflict as too difficult to
adequately cope with.
More evidence for reduced control adaptation comes from stress research, which often
exposes people to extreme demands that are difficult to cope with. For example, reduced
control adaptation has been observed when participants are exposed to the Trier Social Stress
Task in comparison to a control group (Plessow et al., 2011). Decreased control adaptation
has also been observed when participants receive negative feedback concerning their task
performance, an effect that is particularly strong in (subclinically) depressed participants
(Holmes and Pizzagalli, 2007).
Collectively, these observations suggest an inverted-U relationship between negative
affect and control adaptation (cf. Brehm and Self, 1989). It is an important aim for future
studies to understand the generalizability of these findings and to disentangle the effects of
increased negative affect and putative reduced availability of resources (e.g., due to
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rumination) in depression (cf. Meiran et al., 2011) as well as in other mood and anxiety
disorders (cf. Larson et al., 2013). MBM theory assumes that the interaction between both
factors determines the actual appraisal of the demand, which in turn modulates effort
mobilization. Future studies might test whether this also holds true for control adaptations.

2.5 Neural mechanisms
As described earlier in this chapter, indirect effects of affect on cognitive control may
involve the PFC, in particular its medial parts including the ACC. To test this hypothesis, in
one study we (van Steenbergen et al., 2012a) recorded EEG while participants responded to
the flanker task with smileys presented during the inter-trial interval (cf. van Steenbergen et
al., 2009). The EEG allowed us to analyze neural oscillations in the theta band, which are likely
to originate from the ACC and the surrounding medial frontal wall (Cohen et al., 2008). In
line with conflict monitoring theory (Botvinick et al., 2001) and previous findings,
frontocentral theta power was increased by flanker conflict. More importantly, positive
feedback following conflict inhibited this neural oscillation. Based on these findings, it might
be argued that theta oscillation provides an index of ACC activity signaling the need for more
cognitive control, and that the inhibition of this signal by reward prevented the subsequent
control adaptation as observed in behavior.
Given that ACC modulation might originate from subcortical areas related to the
processing of positive affect, such as the BG, fronto-striatal interactions were investigated in
another study using fMRI. In this study, funny versus neutral cartoons were used to
manipulate participants' hedonic state before they performed a flanker task (van Steenbergen
et al., 2014). In line with predictions, humor was shown to decrease control adaptation. In
addition, it increased neural activity in regions usually associated with hedonic states,
particularly in the ventral striatum (VS) and ventral pallidum (VP), so-called "hedonic
hotspots" that are responsible for pleasure causation in animals (Kringelbach and Berridge,
2009). We observed that activity in these areas, in turn, inhibited the neural response to
conflict in a rostral ACC (rACC) region. Activation in this region also proved predictive of
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adaptive control improvement in the neutral context. Thus, it is likely that the rACC is
involved in the affective appraisal of task demands and/or online control improvements,
driving performance adaptations as observed in the subsequent trial. Inhibition of this rACC
response by positive affect might have prevented this control adaptation.
In the same study, we also showed that activity in the dorsal ACC was co-modulated
with behavioral adaptation, suggesting that it is involved in monitoring the conflict at hand.
Given the aversive quality of cognitive demands, it is likely that activity from the dACC acts as
a general aversive (Botvinick, 2007) or error signal (Alexander and Brown, 2011; Dreisbach
and Fischer, 2012a; Proulx et al., 2012) that inhibits hedonic processing in the VS (Leknes and
Tracey, 2008).
Functional connectivity analyses further confirmed the interactions between conflict
and hedonic areas. Results showed that neural signals in the VS were negatively coupled (anticorrelated) with dACC, whereas the VP was negatively coupled with rACC. Given these
findings, it is most likely that the VP modulates rostral ACC activation, which in turn drives
conflict-driven control. The resulting adaptation might subsequently be registered in the
dorsal ACC, which then sends feedback signals back to the VS. Affective state are likely to
modulate these interactions via the BG (van Steenbergen et al., 2014).. Figure 2 illustrates
these interactions.
Taken together, our neuroimaging findings are in line with predictions from conflictmonitoring theory suggesting that the ACC plays an important role in the online evaluation of
demands, which may subsequently drive extra cognitive control. Indirect affective modulation
of cognitive control probably involves the modulation of rACC and dACC activity via rewardrelated processing in the VS and the VP (van Steenbergen et al., 2014). The exact temporal
dynamics and neurochemical basis of this neural circuitry have not been investigated yet.

3 Future Directions
3.1 Different affects, different effects
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Although many studies reviewed in this chapter found evidence for emotion and mood
effects on adaptive control, some studies have shown that it is not likely that positive affect sui
generis reduces adaptation effects, in particular not when short-term affect is induced. For
example, depending on the way the reward manipulation was implemented, decreased (van
Steenbergen et al., 2009; van Steenbergen et al., 2012a) versus increased (Braem et al., 2012;
Sturmer et al., 2011) control adaptation was observed (see also Braem et al., 2013b).
One critical issue for future research is to investigate which underlying dimensions or
aspects of reward drive increases versus decreases in adaptive control. For example, research
by Berridge and colleagues (e.g. Berridge and Robinson, 2003) has shown that reward involves
different components, including learning, affect (liking), and motivation (wanting). As has
recently been argued by Chiew & Braver (2011), it is likely that those components have
different effects on cognitive control. We have proposed that affective liking might be
associated with reductions in adaptive control, whereas motivational states (wanting)
increases adaptive control (van Steenbergen et al., 2012a; cf. Gable and Harmon-Jones, 2011).
Considering the diverging findings from studies on negative mood, depression and
stress, the influence of negative affect also needs further study. Building on the assumed nonlinearity between task demands and effort mobilization (Brehm and Self, 1989; Kahneman,
1973; Kukla, 1972), we have postulated that the relationship between negative affect and
control adaptation is inverted U-shaped (van Steenbergen et al., 2012b). Studies investigating
control adaptation may investigate this possibility by manipulating multiple levels of
conflict/task difficulty (cf. Forster et al., 2011) and affective valence.

3.2 Neurochemistry
Although BG-ACC interactions are likely to drive affective modulation of control
adaptation, the neurotransmitter systems supporting this modulation are currently not
known. Although many neurotransmitters have been proposed to modulate cognitive
processing by adjusting neural signal-to-noise ratios, it is likely that dopamine and opioids are
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among the central ones involved in the affective and motivational modulation of cognitive
control (Aarts et al., 2012; Chiew and Braver, 2011).
It is possible that the BG-ACC interactions identified by our research, in particular
those between dACC and ventral striatum, critically depend on dopamine. Dopaminergic
signaling might supports control adaptations (cf. Duthoo et al., 2013; van Bochove et al.,
2013), especially their motivational aspects (Barbano and Cador, 2007; Berridge, 2007;
Kringelbach and Berridge, 2009; Leknes and Tracey, 2008). On the other hand, recent
evidence suggests that the hedonic dimensions (liking) of affect are under control of opioid
transmission (Barbano and Cador, 2007; Berridge, 2007; Kringelbach and Berridge, 2009;
Leknes and Tracey, 2008).. Because opiates can reduce or eliminate the negative emotional
state induced by painful stimuli, they may also mediate the modulating role affect has on
evaluating and monitoring behavioral demands (Shackman et al., 2011). Interestingly, opioid
receptors have been found to be most densely distributed in the ACC, particularly in its rostral
parts (Luu et al., 2000; Zubieta et al., 2003). Opioids may therefore support the informational
function affect has in producing indirect effects on cognitive control, possibly via interactions
between VP and the rACC. One essential topic for future research is to investigate the shared
neural mechanisms of demand and pain processing (Shackman et al., 2011) and to study
whether opioid signaling also mediates the hedonic impact on control adaptation.

3.3 Other types of adaptive control
A final issue for future research to be mentioned here concerns the question how
affective modulation of control adaptation is related to other measures of adaptation in
experimental paradigms. For example, according to conflict monitoring theory, adaptation to
demanding events has much in common with another type of adaptation, usually referred to
as post-error adaptation (Botvinick et al., 2001): Reactions after an error are usually slower
than after correct trials. Because post-error slowing may reflect cautious processing in
response to the error, it has been taken as an index of cognitive control. Given that both errors

20

Van Steenbergen - Affect and control
and demands are generally thought to be registered in the brain as aversive events, affective
modulation may involve a similar mechanism, probably involving the ACC (Botvinick, 2007).
Indeed, several studies have shown that negative affect amplifies the neural processing
of errors, although this increased neural activation does not always modulate post-error
slowing (e.g. Hajcak et al., 2004; Luu et al., 2000; Lindstrom et al., 2013). However, whether
effects on post-error slowing reflect an adaptive increase of cognitive control is subject to
debate. It is also possible that post-error slowing reflects attentional capture which hinders
subsequent performance (Notebaert et al., 2009). Post-error slowing has also been associated
with steeper increases in negative affect and reduced task-focused coping in response to
stressors in daily life, suggesting that it might be an index of maladaptive strategies (Compton
et al., 2011).
Adaptations of control have also been observed in task-switching tasks. Here conflict
has been shown to impair the efficiency to subsequently switch to other tasks (Goschke, 2000).
Moreover, adaptation effects have been observed to reverse after task switches. This suggests
that interference control also tends to reduce following conflict introduced by another task
(e.g. Notebaert and Verguts, 2008). Thus, conflict-driven adaptations seem to improve
performance of the (local) task at hand, which is maladaptive when a switch to another task is
necessary. Reward (motivation) has already been shown to increase conflict-driven task switch
costs (Braem et al., 2012) and future studies should investigate whether positive affect reduces
it. Such a finding would be in line with other studies linking positive affect to cognitive
flexibility (Dreisbach and Goschke, 2004).
Finally, it has been argued that sequential congruency effects do not only reflect
control adaptation, but also other processes (see for reviews Egner, 2007; Schmidt, 2013). For
example, stimulus/response repetitions and contingency learning are likely to contribute to
the sequential adaptations observed (Hommel et al., 2004; Mayr et al., 2003; Schmidt & De
Houwer, 2011), although it is challenging to experimentally control for these effects without
introducing new confounding factors (Duthoo and Notebaert, 2012; Schmidt and De
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Houwer, 2011). Nonetheless, it is not unlikely that behavioral adaptations reflects not only
conflict-driven control processes , but also feature binding and contingency learning
(Botvinick et al., 2001; Hommel et al., 2004; Schmidt and De Houwer, 2011), and/or a
combination of control and learning (Verguts and Notebaert, 2009). Future studies should
investigate whether the influence of affect and motivation as reviewed here are affecting
control adaptation specifically, or whether (a combination of) other processes are also
modulated (cf. Trübutschek and Egner, 2012).

4 Conclusions
As many studies reviewed in this chapter have shown, positive affect helps to reduce
control adaptations to cognitive demands, likely by reducing the aversive state induced by
these demands. Negative affect, on the other hand intensifies such adaptation – at least as long
as success is possible and worthwhile. This affective modulation of control control was found
to be driven by neural processing in subcortical "hedonic hotspots" which attenuated demandrelated processing in the ACC and behavioral adaptation.
Viewed from a broader perspective, the findings I have reviewed here demonstrate the
importance of the temporal dynamics that underlie self-regulation processes; they show that
cognitive control can quickly increase in response to stimuli that conflict with our current
goals. The ability to quickly allocate more cognitive control in challenging situations might
prove critical in many situations requiring self-regulation. Particularly, quick increases in selfcontrol might be adaptive when the stimulus that conflict with one's primary goal is only
available for a short period of time. Those situations occur rather often in daily life, for
example when one passes a McDonald's while driving on a highway or when a waitress offers a
delicious but unhealthy snack during a cocktail party. Transient increases in cognitive control
in such situations might be sufficient to behave in according with long-term goals (e.g. staying
healthy). In other situations, quick increases in self-control might be sufficient to drive
behavioral strategies such as moving unhealthy food out of sight or reach, making the need for
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intensive sustained self-control superfluous. Such flexibility in the short-term implementation
and adjustment of goals has been seen as characteristic of good self-management and selfregulation skills (Baumeister et al., 1994).
The evidence for a role of affect in and on the dynamic adjustments in cognitive
contro,l as reviewed in this chapter, emphasize the important role that affect plays in the
mobilization of effort and self-control processes. Whereas positive affect might help to prevent
a too strong impact of cognitive demands on self-control (Garland et al., 2010), a little bit of
negative affect on the other hand might help us to stay focused when dealing with a difficult
situation. In other words, positive and negative affect might help to regulate the balance
between task perseveration and flexibility (Dreisbach and Goschke, 2004; cf. Carver and
Scheier, 1990; Carver, 2003; Kuhl and Kazen, 1999) In this respect, both positive and negative
affective states can have adaptive value for self-control when experienced in the right context
(Gruber et al., 2011).
By showing how neural interactions drive adjustments in cognitive control, we have
started to develop a more mechanistic understanding of self-control processes and the role
that affect plays in it modulation. In particular, we have suggested that mutual interactions
between hedonic hotspots in the basal ganglia on the one hand, and dorsal and rostral parts of
the ACC on the other hand, drive the hedonic regulation of adjustments in cognitive control
(van Steenbergen et al., 2014). Examining these mechanisms further may provide new insights
in the biobehavioral basis of a wide range of other phenomena where affect plays a critical role
in adaptive behavior and self-regulation (cf. Proulx et al., 2012).

23

Van Steenbergen - Affect and control

24

References

Aarts, E., van Holstein, M., & Cools, R. (2012). Striatal dopamine and the interface
between

motivation

and

cognition.

Frontiers

in

Psychology,

2,

163.

http://dx.doi.org/10.3389/fpsyg.2011.00163
Aarts, K. & Pourtois, G. (2010). Anxiety not only increases, but also alters early errormonitoring functions. Cognitive, Affective, & Behavioral Neuroscience, 10, 479-492.
http://dx.doi.org/10.3758/CABN.10.4.479
Ach, N. (1935). Analyse des Willens [Analysis of the will]. In E.Abderhalden (Ed.),
Handbuch der biologischen Arbeitsmethoden (Vol. VI) ( Berlin: Urban & Schwarzenberg.
Alexander, W. H. & Brown, J. W. (2011). Medial prefrontal cortex as an actionoutcome predictor. Nature Neuroscience, 14, 1338-U163. http://dx.doi.org/10.1038/nn.2921
Baddeley, A. D. (1972). Selective attention and performance in dangerous
environments. British Journal of Psychology, 63, 537-546. http://dx.doi.org/10.1111/j.20448295.1972.tb01304.x
Barbano, M. F. & Cador, M. (2007). Opioids for hedonic experience and dopamine to
get ready for it. Psychopharmacology, 191, 497-506. http://dx.doi.org/10.1007/s00213-0060521-1
Baumeister, R. F., Heatherton, T. F., & Tice, D. M. (1994). Losing control: How and
why people fail at self-regulation. San Diego, CA: Academic Press.
Berlyne, D. E. (1960). Conflict, Arousal, and Curiousity. New York: McGraw-Hill.
http://dx.doi.org/10.1037/11164-000
Berridge, K. C. (2007). The debate over dopamine's role in reward: the case for
incentive salience. Psychopharmacology, 191, 391-431. http://dx.doi.org/10.1007/s00213-0060578-x

Van Steenbergen - Affect and control

25

Berridge, K. C. & Robinson, T. E. (2003). Parsing reward. Trends in Neurosciences, 26,
507-513. http://dx.doi.org/10.1016/S0166-2236(03)00233-9
Botvinick, M. M. (2007). Conflict monitoring and decision making: Reconciling two
perspectives on anterior cingulate function. Cognitive Affective & Behavioral Neuroscience, 7,
356-366. http://dx.doi.org/10.3758/CABN.7.4.356
Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J. D. (2001).
Conflict monitoring and cognitive control. Psychological Review, 108, 624-652.
http://dx.doi.org/10.1037/0033-295X.108.3.624
Botvinick, M. M., Huffstetler, S., & McGuire, J. T. (2009). Effort discounting in human
nucleus

accumbens.

Cognitive

Affective

&

Behavioral

Neuroscience,

9,

16-27.

http://dx.doi.org/10.3758/CABN.9.1.16
Boxtel, A. & Jessurun, M. (1993). Amplitude and bilateral coherency of facial and
jawelevator EMG activity as an index of effort during a twochoice serial reaction task.
Psychophysiology, 30, 589-604. http://dx.doi.org/10.1111/j.1469-8986.1993.tb02085.x
Braem, S., Duthoo, W., & Notebaert, W. (2013a). Punishment sensitivity predicts the
impact

of

punishment

on

cognitive

control.

PLoS

ONE,

8,

e74106.

http://dx.doi.org/10.1371/journal.pone.0074106
Braem, S., King, J. A., Korb, F. M., Krebs, R. M., Notebaert, W., & Egner, T. (2013b).
Affective modulation of cognitive control is determined by performance-contingency and
mediated by ventromedial prefrontal and cingulate cortex. Journal of Neuroscience, 33,
16961-16970. http://dx.doi.org/10.1523/JNEUROSCI.1208-13.2013
Braem, S., Verguts, T., Roggeman, C., & Notebaert, W. (2012). Reward modulates
adaptations

to

conflict.

Cognition,

125,

324-332.

http://dx.doi.org/10.1016/j.cognition.2012.07.015
Brehm, J. W. (1999). The intensity of emotion. Personality and Social Psychology
Review, 3, 2-22. http://dx.doi.org/10.1207/s15327957pspr0301_1

Van Steenbergen - Affect and control

26

Brehm, J. W. & Self, E. A. (1989). The intensity of motivation. Annual Review of
Psychology, 40, 109-131. http://dx.doi.org/10.1146/annurev.ps.40.020189.000545
Brinkmann, K. & Gendolla, G. H. E. (2007). Dysphoria and mobilization of mental
effort: Effects on cardiovascular reactivity. Motivation and Emotion, 31, 71-82.
http://dx.doi.org/10.1007/s11031-007-9054-0
Brinkmann, K. & Gendolla, G. H. E. (2008). Does depression interfere with effort
mobilization? Effects of dysphoria and task difficulty on cardiovascular response. Journal of
Personality and Social Psychology, 94, 146-157. http://dx.doi.org/10.1037/0022-3514.94.1.146
Broadbent, D. E. (1958). Perception and Communication. London: Pergamon.
http://dx.doi.org/10.1037/10037-000
Brown, G. G., Kindermann, S. S., Siegle, G. J., Granholm, E., Wong, E. C., & Buxton,
R. B. (1999). Brain activation and pupil response during covert performance of the Stroop
Color Word task. Journal of the International Neuropsychological Society, 5, 308-319.
http://dx.doi.org/10.1017/S1355617799544020
Bruyneel, L., van Steenbergen, H., Hommel, B., Band, G. P. H., De Raedt, R., & Koster,
E. H. W. (2013). Happy but still focused: failures to find evidence for a mood-induced
widening of visual attention. Psychological Research-Psychologische Forschung, 77, 320-332.
http://dx.doi.org/10.1007/s00426-012-0432-1
Bush, G., Luu, P., & Posner, M. I. (2000). Cognitive and emotional influences in
anterior

cingulate

cortex.

Trends

in

Cognitive

Sciences,

4,

215-222.

http://dx.doi.org/10.1016/S1364-6613(00)01483-2
Cabanac, M. (1992). Pleasure: The common currency. Journal of Theoretical Biology,
155, 173-200. http://dx.doi.org/10.1016/S0022-5193(05)80594-6
Cacioppo, J. T., Priester, J. R., & Berntson, G. G. (1993). Rudimentary determinants of
attitudes 2. Arm flexion and extension have differential effects on attitudes. Journal of
personality and social psychology, 65, 5-17. http://dx.doi.org/10.1037//0022-3514.65.1.5

Van Steenbergen - Affect and control

27

Cacioppo, J. T., Petty, R. E., & Morris, K. J. (1985). Semantic, evaluative, and selfreferent processing: Memory, cognitive effort, and somatovisceral activity. Psychophysiology,
22, 371-384. http://dx.doi.org/10.1111/j.1469-8986.1985.tb01618.x
Carver, C. S. (2003). Pleasure as a sign you can attend to something else: Placing
positive feelings within a general model of affect. Cognition & emotion, 17, 241.
http://dx.doi.org/10.1080/02699930302294
Carver, C. S. & Scheier, M. F. (1990). Origins and functions of positive and negative
affect:

A

control-process

view.

Psychological

Review,

97,

19-35.

http://dx.doi.org/10.1037/0033-295X.97.1.19
Carver, C. S. & Sheier, M. F. (1988). A model of behavioral self-regulation: Translating
intention into action. Advances in experimental social psychology, 21, 303-346.
Cattell, J. M. (1886). The time it takes to see and name objects. Mind, 11, 63-65.
http://dx.doi.org/10.1093/mind/os-XI.41.63
Chajut, E. & Algom, D. (2003). Selective attention improves under stress: Implications
for theories of social cognition. Journal of personality and social psychology, 85, 231-248.
http://dx.doi.org/10.1037/0022-3514.85.2.231
Chiew, K. S. & Braver, T. S. (2011). Positive affect versus reward: emotional and
motivational

influences

on

cognitive

control.

Frontiers

in

Psychology,

2,

279.

http://dx.doi.org/10.3389/fpsyg.2011.00279
Clawson, A., Clayson, P. E., & Larson, M. J. (2013). Cognitive control adjustments and
conflict adaptation in major depressive disorder. Psychophysiology, 50, 711-721.
http://dx.doi.org/10.1111/psyp.12066
Cohen, M. X., Ridderinkhof, K. R., Haupt, S., Elger, C. E., & Fell, J. (2008). Medial
frontal cortex and response conflict: Evidence from human intracranial EEG and medial
frontal

cortex

lesion.

Brain

http://dx.doi.org/10.1016/j.brainres.2008.07.114

Research,

1238,

127-142.

Van Steenbergen - Affect and control

28

Compton, R. J., Arnstein, D., Freedman, G., Dainer-Best, J., Liss, A., & Robinson, M.
D. (2011). Neural and behavioral measures of error-related cognitive control predict daily
coping with stress. Emotion, 11, 379-390. http://dx.doi.org/10.1037/a0021776
de Morree, H. M. & Marcora, S. M. (2010). The face of effort: Frowning muscle
activity reflects effort during a physical task. Biological Psychology, 85, 377-382.
http://dx.doi.org/10.1016/j.biopsycho.2010.08.009
Derryberry, D. & Tucker, D. M. (1994). Motivating the focus of attention. In
P.M.Niedental & S. Kitayama (Eds.), The heart's eye: emotional influences in perception and
action (pp. 167-196). San Diego, California: Academic Press.
Dreisbach, G. & Fischer, R. (2011). If it's hard to read… try harder! Processing fluency
as

signal

for

effort

adjustments.

Psychological

Research,

37,

376-383.

http://dx.doi.org/10.1007/s00426-010-0319-y
Dreisbach, G. & Fischer, R. (2012a). Conflicts as aversive signals. Brain and Cognition,
78, 94-98.
Dreisbach, G. & Fischer, R. (2012b). The role of affect and reward in the conflicttriggered adjustment of cognitive control. Frontiers in Human Neuroscience, 6, 342.
http://dx.doi.org/10.3389/fnhum.2012.00342
Dreisbach, G. & Goschke, T. (2004). How positive affect modulates cognitive control:
Reduced perseveration at the cost of increased distractibility. Journal of Experimental
Psychology-Learning Memory and Cognition, 30, 343-353. http://dx.doi.org/10.1037/02787393.30.2.343
Duthoo, W. & Notebaert, W. (2012). Conflict adaptation: it is not what you expect.
The

Quarterly

Journal

of

Experimental

Psychology,

65,

1993-2007.

http://dx.doi.org/10.1080/17470218.2012.676655
Duthoo, W., Braem, S., Houtman, F., Schouppe, N., Santens, P., & Notebaert, W.
(2013). Dopaminergic medication counteracts conflict adaptation in patients with Parkinson’s
disease. Neuropsychology, 27, 556. http://dx.doi.org/10.1037/a0033377

Van Steenbergen - Affect and control

29

Duval, S. & Wicklund, R. A. (1972). A theory of objective self awareness. Oxford,
England: Academic Press.
Easterbrook, J. A. (1959). The effect of emotion on cue utilization and the organization
of behavior. Psychological Review, 66, 183-201. http://dx.doi.org/10.1037/h0047707
Egner, T. (2007). Congruency sequence effects and cognitive control. Cognitive
Affective & Behavioral Neuroscience, 7, 380-390. http://dx.doi.org/10.3758/CABN.7.4.380
Eriksen, B. A. & Eriksen, C. W. (1974). Effects of noise letters upon identification of a
target

letter

in

a

nonsearch

task.

Perception

&

Psychophysics,

16,

143-149.

http://dx.doi.org/10.3758/BF03203267
Fischer, R., Dreisbach, G., & Goschke, T. (2008). Context-sensitive adjustments of
cognitive control: Conflict-adaptation effects are modulated by processing demands of the
ongoing task. Journal of Experimental Psychology-Learning Memory and Cognition, 34, 712718. http://dx.doi.org/10.1037/0278-7393.34.3.712
Forster, S. E., Carter, C. S., Cohen, J. D., & Cho, R. Y. (2011). Parametric manipulation
of the conflict signal and control-state adaptation. Journal of Cognitive Neuroscience, 23, 923935. http://dx.doi.org/10.1162/jocn.2010.21458
Frank, M. J. (2005). Dynamic dopamine modulation in the basal ganglia: A
neurocomputational account of cognitive deficits in medicated and nonmedicated
Parkinsonism.

Journal

of

Cognitive

Neuroscience,

17,

51-72.

http://dx.doi.org/10.1162/0898929052880093
Fredrickson, B. L. (2001). The role of positive emotions in positive psychology - The
broaden-and-build theory of positive emotions. American Psychologist, 56, 218-226.
http://dx.doi.org/10.1037/0003-066X.56.3.218
Fredrickson, B. L., Mancuso, R. A., Branigan, C., & Tugade, M. M. (2000). The
undoing

effect

of

positive

emotions.

http://dx.doi.org/10.1023/A:1010796329158

Motivation

and

Emotion,

24,

237-258.

Van Steenbergen - Affect and control

30

Friedman, R. S. & Forster, J. (2010). Implicit affective cues and attentional tuning: An
integrative review. Psychological bulletin, 136, 875-893. http://dx.doi.org/10.1037/a0020495
Friedman, R. S. & Forster, J. (2011). Limitations of the motivational intensity model of
attentional tuning: Reply to Harmon-Jones, Gable, and Price (2011). Psychological bulletin,
137, 513-516. http://dx.doi.org/10.1037/a0023088
Fritz, J. & Dreisbach, G. (2013). Conflicts as aversive signals: conflict priming increases
negative judgments for neutral stimuli. Cognitive, Affective, & Behavioral Neuroscience, in
press. http://dx.doi.org/10.3758/s13415-012-0147-1
Gable, P. & Harmon-Jones, E. (2010). The motivational dimensional model of affect:
Implications for breadth of attention, memory, and cognitive categorisation. Cognition &
emotion, 24, 322-337. http://dx.doi.org/10.1080/02699930903378305
Gable, P. A. & Harmon-Jones, E. (2008). Approach-motivated positive affect reduces
breadth of attention. Psychological Science, 19, 476-482. http://dx.doi.org/10.1111/j.14679280.2008.02112.x
Gable, P. A. & Harmon-Jones, E. (2011). Attentional consequences of pregoal and
postgoal positive affects. Emotion, 11, 1358-1367. http://dx.doi.org/10.1037/a0025611
Garland, E. L., Fredrickson, B., Kring, A. M., Johnson, D. P., Meyer, P. S., & Penn, D.
L. (2010). Upward spirals of positive emotions counter downward spirals of negativity:
Insights from the broaden-and-build theory and affective neuroscience on the treatment of
emotion dysfunctions and deficits in psychopathology. Clinical Psychology Review, 30, 849864. http://dx.doi.org/10.1016/j.cpr.2010.03.002
Gasper, K. & Clore, G. L. (2002). Attending to the big picture: Mood and global versus
local

processing

of

visual

information.

Psychological

Science,

13,

34-40.

http://dx.doi.org/10.1111/1467-9280.00406
Gendolla, G. H. E. (2000). On the impact of mood on behavior: An integrative theory
and a review. Review of general psychology, 4, 378-408. http://dx.doi.org/10.1037/10892680.4.4.378

Van Steenbergen - Affect and control

31

Gendolla, G. H. E. & Richter, M. (2010). Effort mobilization when the self is involved:
Some lessons from the cardiovascular system. Review of general psychology, 14, 212-226.
http://dx.doi.org/10.1037/a0019742
Gibson, W. B. (1900). The principle of least action as a psychological principle. Mind,
9, 469-495. http://dx.doi.org/10.1093/mind/IX.36.469
Goschke, T. (2000). Intentional reconfiguration and involuntary persistence in task set
switching. In S.Monsell & J. Driver (Eds.), Control of cognitive processes: Attention and
performance XVIII (pp. 331-355). Harvard: The MIT Press.
Gratton, G., Coles, M. G. H., & Donchin, E. (1992). Optimizing the use of
information: Strategic control of activation of responses. Journal of Experimental Psychology:
General, 121, 480-506. http://dx.doi.org/10.1037/0096-3445.121.4.480
Gruber, J., Mauss, I. B., & Tamir, M. (2011). A dark side of happiness? How, when,
and why happiness is not always good. Perspectives on Psychological Science, 6, 222-233.
http://dx.doi.org/10.1177/1745691611406927
Haber, S. N. & Knutson, B. (2010). The reward circuit: Linking primate anatomy and
human

imaging.

Neuropsychopharmacology,

35,

4-26.

http://dx.doi.org/10.1038/npp.2009.129
Hajcak, G. (2012). What we've learned from mistakes: Insights from error-related
brain

activity.

Current

Directions

in

Psychological

Science,

21,

101-106.

http://dx.doi.org/10.1177/0963721412436809
Hajcak, G., McDonald, N., & Simons, R. F. (2004). Error-related psychophysiology
and

negative

affect.

Brain

and

Cognition,

56,

189-197.

http://dx.doi.org/10.1016/j.bandc.2003.11.001
Harmon-Jones, E. & Allen, J. J. B. (1998). Anger and frontal brain activity: EEG
asymmetry consistent with approach motivation despite negative affective valence. Journal of
personality

and

3514.74.5.1310

social

psychology,

74,

1310-1316.

http://dx.doi.org/10.1037/0022-

Van Steenbergen - Affect and control
Harmon-Jones, E., Gable, P. A., & Price, T. F. (2011). Toward an understanding of the
influence of affective states on attentional tuning: Comment on Friedman and Forster (2010).
Psychological bulletin, 137, 508-512. http://dx.doi.org/10.1037/a0022744
Heimer, L., Switzer, R. D., & Vanhoesen, G. W. (1982). Ventral striatum and ventral
pallidum: Components of the motor system. Trends in Neurosciences, 5, 83-87.
http://dx.doi.org/10.1016/0166-2236(82)90037-6
Hengstler, M., Holland, R. W., van Steenbergen, H., & van Knippenberg, A. (2014).
The influence of approach-avoidance bodily feedback on conflict adaptation. Manuscript
submitted for publication.
Hillgruber, A. (1912). Fortlaufende Arbeit und Willensbetätigung [Continuous work
and will performance]. Untersuchungen zur Psychologie und Philosophie, 1.
Holmes, A. J. & Pizzagalli, D. A. (2007). Task feedback effects on conflict monitoring
and executive control: Relationship to subclinical measures of depression. Emotion, 7, 68-76.
http://dx.doi.org/10.1037/1528-3542.7.1.68
Holroyd, C. B. & Coles, M. G. H. (2002). The neural basis of human error processing:
Reinforcement learning, dopamine, and the error-related negativity. Psychological Review,
109, 679-709. http://dx.doi.org/10.1037/0033-295X.109.4.679
Holroyd, C. B., Pakzad-Vaezi, K. L., & Krigolson, O. E. (2008). The feedback correctrelated positivity: Sensitivity of the event-related brain potential to unexpected positive
feedback. Psychophysiology, 45, 688-697. http://dx.doi.org/10.1111/j.1469-8986.2008.00668.x
Hommel, B., Proctor, R. W., & Vu, K. P. L. (2004). A feature-integration account of
sequential effects in the Simon task. Psychological Research-Psychologische Forschung, 68, 117. http://dx.doi.org/10.1007/s00426-003-0132-y
Hull, C. L. (1943). Principles of Behavior. New York: Appleton-Century.
Huntsinger, J. R. (2012). Does positive affect broaden and negative affect narrow
attentional scope? a new answer to an old question. Journal of Experimental PsychologyGeneral, 141, 595-600. http://dx.doi.org/10.1037/a0027709

32

Van Steenbergen - Affect and control

33

Jefferies, L. N., Smilek, D., Eich, E., & Enns, J. T. (2008). Emotional valence and
arousal

interact

in

attentional

control.

Psychological

Science,

19,

290-295.

http://dx.doi.org/10.1111/j.1467-9280.2008.02082.x
Jostmann, N. B. & Koole, S. L. (2007). On the regulation of cognitive control: Action
orientation moderates the impact of high demands in stroop interference tasks. Journal of
Experimental

Psychology-General,

136,

593-609.

http://dx.doi.org/10.1037/0096-

3445.136.4.593
Kahneman, D. (1973). Attention and effort. Englewood Cliffs, New Jersey: PrenticeHall.
Koch, S., Holland, R. W., Hengstler, M., & van Knippenberg, A. (2009). Body
locomotion as regulatory process: Stepping backward enhances cognitive control.
Psychological Science, 20, 549-550. http://dx.doi.org/10.1111/j.1467-9280.2009.02342.x
Koch, S., Holland, R. W., & van Knippenberg, A. (2008). Regulating cognitive control
through

approach-avoidance

motor

actions.

Cognition,

109,

133-142.

http://dx.doi.org/10.1016/j.cognition.2008.07.014
Kool, W., McGuire, J. T., Rosen, Z. B., & Botvinick, M. M. (2010). Decision making
and the avoidance of cognitive demand. Journal of Experimental Psychology-General, 139,
665-682. http://dx.doi.org/10.1037/a0020198
Koole, S. (2009). The psychology of emotion regulation: An integrative review.
Cognition and emotion, 23, 4-41. http://dx.doi.org/10.1080/02699930802619031
Kringelbach, M. L. & Berridge, K. C. (2009). Towards a functional neuroanatomy of
pleasure

and

happiness.

Trends

in

Cognitive

Sciences,

13,

479-487.

http://dx.doi.org/10.1016/j.tics.2009.08.006
Kuhbandner, C. & Zehetleitner, M. (2011). Dissociable effects of valence and arousal
in

adaptive

executive

control.

http://dx.doi.org/10.1371/journal.pone.0029287

PLoS

ONE,

6,

e29287.

Van Steenbergen - Affect and control

34

Kuhl, J. (1984). Volitional aspects of achievement motivation and learned helplessness:
Toward a comprehensive theory of action-control. In B.A.Maher (Ed.), Progress in
experimental personality research (13 ed., pp. 99-171). New York: Academic Press.
Kuhl, J. (2000). A functional-design approach to motivation and self-regulation: The
dynamics of personality systems interactions. In M.Boekaerts, P. R. Pintrich, & M. Zeidner
(Eds.), Handbook of Self-regulation (pp. 111-169). San Diego: Academic Press.
Kuhl, J. & Kazen, M. (1999). Volitional facilitation of difficult intentions: Joint
activation of intention memory and positive affect removes Stroop interference. Journal of
Experimental

Psychology-General,

128,

382-399.

http://dx.doi.org/10.1037/0096-

3445.128.3.382
Kukla, A. (1972). Foundations of an attributional theory of performance.
Psychological Review, 79, 454-470. http://dx.doi.org/10.1037/h0033494
Laeng, B., Orbo, M., Holmlund, T., & Miozzo, M. (2011). Pupillary Stroop effects.
Cognitive Processing, 12, 13-21. http://dx.doi.org/10.1007/s10339-010-0370-z
Larsen, J. T., Norris, C. J., & Cacioppo, J. T. (2003). Effects of positive and negative
affect on electromyographic activity over zygomaticus major and corrugator supercilii.
Psychophysiology, 40, 776-785. http://dx.doi.org/10.1111/1469-8986.00078
Larsen, R. J. & Diener, E. (1992). Promises and problems with the circumplex model of
emotion. In M.S.Clark (Ed.), Review of personality and social psychology: Emotion (13 ed.,
pp. 25-59). Newbury Park, CA: Sage.
Larson, M. J., Clawson, A., Clayson, P. E., & Baldwin, S. A. (2013). Cognitive conflict
adaptation

in

generalized

anxiety

disorder.

Biological

Psychology.

http://dx.doi.org/10.1016/j.biopsycho.2013.08.006
Leknes, S. & Tracey, I. (2008). Science & society - A common neurobiology for pain
and pleasure. Nature Reviews Neuroscience, 9, 314-320. http://dx.doi.org/10.1038/nrn2333
Lewin, K. (1935). A Dynamic Theory of Personality. New York: McGraw-Hill.

Van Steenbergen - Affect and control

35

Lindstrom, B. R., Mattsson-Marn, I. B., Golkar, A., & Olsson, A. (2013). In your face:
Risk of punishment enhances cognitive control and error-related activity in the corrugator
supercilii muscle. PLoS ONE, 8. http://dx.doi.org/10.1371/journal.pone.0065692
Luu, P., Collins, P., & Tucker, D. M. (2000). Mood, personality, and self-monitoring:
Negative affect and emotionality in relation to frontal lobe mechanisms of error monitoring.
Journal of Experimental Psychology-General, 129, 43-60. http://dx.doi.org/10.1037/00963445.129.1.43
Lynn, M. T., Riddle, T. A., & Morsella, E. (2012). The phenomenology of quitting:
Effects from repetition and cognitive effort. Korean Journal of Cognitive Science, 23, 25-46.
Macleod, C. M. (1991). Half a century of research on the Stroop effect - An integrative
review. Psychological bulletin, 109, 163-203. http://dx.doi.org/10.1037/0033-2909.109.2.163
Martin, E. A. & Kerns, J. G. (2011). The influence of positive mood on different aspects
of

cognitive

control.

Cognition

&

emotion,

25,

265-279.

http://dx.doi.org/10.1080/02699931.2010.491652
Mayr, U., Awh, E., & Laurey, P. (2003). Conflict adaptation effects in the absence of
executive control. Nature Neuroscience, 6, 450-452. http://dx.doi.org/10.1038/nn1051
Meiran, N., Diamond, G. R., Todor, D., & Nemets, B. (2011). Cognitive rigidity in
unipolar depression and obsessive compulsive disorder: Examination of task switching,
Stroop, working memory updating and post-conflict adaptation. Psychiatry Research, 185,
149-156. http://dx.doi.org/10.1016/j.psychres.2010.04.044
Miller, E. K. & Cohen, J. D. (2001). An integrative theory of prefrontal cortex function.
Annual

Review

of

Neuroscience,

24,

167-202.

http://dx.doi.org/10.1146/annurev.neuro.24.1.167
Morsella, E., Feinberg, G. H., Cigarchi, S., Newton, J. W., & Williams, L. E. (2011).
Sources of avoidance motivation: Valence effects from physical effort and mental rotation.
Motivation and Emotion. http://dx.doi.org/10.1007/s11031-010-9172-y

Van Steenbergen - Affect and control

36

Norman, D. A. & Shallice, T. (1986). Attention to action: Willed and automatic
control of behavior. In R.J.Davidson, G. E. Schwartz, & D. Shapiro (Eds.), Consciousness and
Self-Regulation (pp. 1-18). New York: Plenum Press.
Notebaert, W., Houtman, F., Van Opstal, F., Gevers, W., Fias, W., & Verguts, T.
(2009).

Post-error

slowing:

An

orienting

account.

Cognition,

111,

275-279.

http://dx.doi.org/10.1016/j.cognition.2009.02.002
Notebaert, W. & Verguts, T. (2008). Cognitive control acts locally. Cognition, 106,
1071-1080. http://dx.doi.org/10.1016/j.cognition.2007.04.011
Padmala, S., Bauer, A., & Pessoa, L. (2011). Negative emotion impairs conflict-driven
executive control. Frontiers in Psychology, 2, 192. http://dx.doi.org/10.3389/fpsyg.2011.00192
Pessoa, L. (2009). How do emotion and motivation direct executive control? Trends in
Cognitive Sciences, 13, 160-166. http://dx.doi.org/10.1016/j.tics.2009.01.006
Pizzagalli, D. A. (2011). Frontocingulate dysfunction in depression: Toward
biomarkers

of

treatment

response.

Neuropsychopharmacology,

36,

183-206.

http://dx.doi.org/10.1038/npp.2010.166
Plessow, F., Fischer, R., Kirschbaum, C., & Goschke, T. (2011). Inflexibly focused
under stress: Acute psychosocial stress increases shielding of action goals at the expense of
reduced cognitive flexibility with increasing time lag to the stressor. Journal of Cognitive
Neuroscience, 23, 3218-3227. http://dx.doi.org/10.1162/jocn_a_00024
Posner, M. I. & Snyder, C. R. (1975). Attention and cognitive control. In R.L.Solso
(Ed.), Information Processing and Cognition ( Hillsdale, NJ: Erlbaum.
Proulx, T., Inzlicht, M., & Harmon-Jones, E. (2012). Understanding all inconsistency
compensation as a palliative response to violated expectations. Trends in Cognitive Sciences,
16, 285-291. http://dx.doi.org/10.1016/j.tics.2012.04.002
Reisenzein, R. (1992). A structuralist reconstruction of Wundt's threedimensional
theory of emotion. In H.Westmeyer (Ed.), The structuralist program in psychology:
Foundations and applications (pp. 141-189). Toronto, Ontario, Canada: Hogrefe & Huber.

Van Steenbergen - Affect and control

37

Ridderinkhof, K. R., Ullsperger, M., Crone, E. A., & Nieuwenhuis, S. (2004). The role
of

the

medial

frontal

cortex

in

cognitive

control.

Science,

306,

443-447.

http://dx.doi.org/10.1126/science.1100301
Robinson, M. D., Schmeichel, B. J., & Inzlicht, M. (2010). A cognitive control
perspective of self-control strength and its depletion. Social and Personality Psychology
Compass, 4, 189-200. http://dx.doi.org/10.1111/j.1751-9004.2009.00244.x
Rossi, V. & Pourtois, G. (2012). State-dependent attention modulation of human
primary visual cortex: A high density ERP study. Neuroimage, 60, 2365-2378.
http://dx.doi.org/10.1016/j.neuroimage.2012.02.007
Rowe, G., Hirsh, J. B., & Anderson, A. K. (2007). Positive affect increases the breadth
of attentional selection. Proceedings of the National Academy of Sciences of the United States
of America, 104, 383-388. http://dx.doi.org/10.1073/pnas.0605198104
Russell, J. A. (1980). A circumplex model of affect. Journal of personality and social
psychology, 39, 1161-1178. http://dx.doi.org/10.1037/h0077714
Satterthwaite, T. D., Ruparel, K., Loughead, J., Elliott, M. A., Gerraty, R. T., Calkins,
M. E. et al. (2012). Being right is its own reward: Load and performance related ventral
striatum activation to correct responses during a working memory task in youth. Neuroimage,
61, 723-729. http://dx.doi.org/10.1016/j.neuroimage.2012.03.060
Schacht, A., Dimigen, O., & Sommer, W. (2010). Emotions in cognitive conflicts are
not aversive but are task specific. Cognitive Affective & Behavioral Neuroscience, 10, 349-356.
http://dx.doi.org/10.3758/CABN.10.3.349
Schmidt, J. R. (2013). Questioning conflict adaptation: proportion congruent and
Gratton

effects

reconsidered.

Psychonomic

Bulletin

&

Review,

20,

615-630.

http://dx.doi.org/10.3758/s13423-012-0373-0
Schmidt, J. R. & De Houwer, J. (2011). Now you see it, now you don't: Controlling for
contingencies and stimulus repetitions eliminates the Gratton effect. Acta Psychologica, 138,
176-186. http://dx.doi.org/10.1016/j.actpsy.2011.06.002

Van Steenbergen - Affect and control
Schmitz, T. W., De Rosa, E., & Anderson, A. K. (2009). Opposing influences of
affective state valence on visual cortical encoding. Journal of Neuroscience, 29, 7199-7207.
http://dx.doi.org/10.1523/JNEUROSCI.5387-08.2009
Schouppe, N., De Houwer, J., Ridderinkhof, K. R., & Notebaert, W. (2012). Conflict:
Run! Reduced Stroop interference with avoidance responses. Quarterly Journal of
Experimental Psychology, 65, 1052-1058. http://dx.doi.org/10.1080/17470218.2012.685080
Schouppe, N., Ridderinkhof, K. R., Verguts, T., & Notebaert, W. (2013). The aversive
nature of conflict revealed in choice and switch rates. Manuscript submitted for publication.
Schwarz, N. (1990). Feelings as information: Information and motivational functions
of affective states. In E.T.Higgins & R. M. Sorrentino (Eds.), Motivation and cognition:
Foundations of social behavior (2 ed., pp. 527-561). New York: Guilford Press.
Schwarz, N. & Clore, G. L. (1983). Mood, misattribution, and judgments of well-being
- Informative and directive functions of affective states. Journal of personality and social
psychology, 45, 513-523. http://dx.doi.org/10.1037/0022-3514.45.3.513
Shackman, A. J., Salomons, T. V., Slagter, H. A., Fox, A. S., Winter, J. J., & Davidson,
R. J. (2011). The integration of negative affect, pain and cognitive control in the cingulate
cortex. Nature Reviews Neuroscience, 12, 154-167. http://dx.doi.org/10.1038/nrn2994
Shiffrin, R. M. & Schneider, W. (1977). Controlled and automatic human
information-processing 2. Perceptual learning, automatic attending, and a general theory.
Psychological Review, 84, 127-190. http://dx.doi.org/10.1037/0033-295X.84.2.127
Siegle, G. J., Ichikawa, N., & Steinhauer, S. (2008). Blink before and after you think:
Blinks occur prior to and following cognitive load indexed by pupillary responses.
Psychophysiology, 45, 679-687. http://dx.doi.org/10.1111/j.1469-8986.2008.00681.x
Siegle, G. J., Steinhauer, S. R., & Thase, M. E. (2004). Pupillary assessment and
computational modeling of the Stroop task in depression. International Journal of
Psychophysiology, 52, 63-76. http://dx.doi.org/10.1016/j.ijpsycho.2003.12.010

38

Van Steenbergen - Affect and control

39

Simon, J. R. (1969). Reactions toward source of stimulation. Journal of Experimental
Psychology, 81, 174-&. http://dx.doi.org/10.1037/h0027448
Soutschek, A., Strobach, T., & Schubert, T. (2013). Working memory demands
modulate cognitive control in the Stroop paradigm. Psychological Research-Psychologische
Forschung, 77, 333-347. http://dx.doi.org/10.1007/s00426-012-0429-9
Stroop, J. R. (1992). Studies of interference in serial verbal reactions (Reprinted from
Journal Experimental-Psychology, Vol 18, Pg 643-662, 1935). Journal of Experimental
Psychology-General, 121, 15-23. http://dx.doi.org/10.1037/0096-3445.121.1.15
Sturmer, B., Nigbur, R., Schacht, A., & Sommer, W. (2011). Reward and punishment
effects on error processing and conflict control. Frontiers in Psychology, 2, 335.
http://dx.doi.org/10.3389/fpsyg.2011.00335
Thayer, R. E. (1989). The Biopsychology of Mood and Activation. New York: Oxford
University Press.
Trübutschek, D. & Egner, T. (2012). Negative emotion does not modulate rapid
feature

integration

effects.

Frontiers

in

Psychology,

3,

100.

http://dx.doi.org/10.3389/fpsyg.2012.00100
van Bochove, M., van der Haegen, L., Notebaert, W., & Verguts, T. (2013). Blinking
predicts enhanced cognitive control. Cognitive Affective & Behavioral Neuroscience, in press.
http://dx.doi.org/10.3758/s13415-012-0138-2
van Steenbergen, H. & Band, G. P. H. (2013). Pupil dilation in the Simon task as a
marker

of

conflict

processing.

Frontiers

in

Human

Neuroscience,

7,

215.

http://dx.doi.org/10.3389/fnhum.2013.00215
van Steenbergen, H., Band, G. P. H., & Hommel, B. (2009). Reward counteracts
conflict adaptation: evidence for a role of affect in executive control. Psychological Science, 20,
1473-1477. http://dx.doi.org/10.1111/j.1467-9280.2009.02470.x

Van Steenbergen - Affect and control
van Steenbergen, H., Band, G. P. H., & Hommel, B. (2010). In the mood for
adaptation: How affect regulates conflict-driven control. Psychological Science, 21, 1629-1634.
http://dx.doi.org/10.1177/0956797610385951
van Steenbergen, H., Band, G. P. H., & Hommel, B. (2011). Threat but not arousal
narrows attention: evidence from pupil dilation and saccade control. Frontiers in Psychology,
2. http://dx.doi.org/10.3389/fpsyg.2011.00281
van Steenbergen, H., Band, G. P. H., & Hommel, B. (2012a). Reward valence
modulates conflict-driven attentional adaptation: Electrophysiological evidence. Biological
Psychology, 90, 234-241. http://dx.doi.org/10.1016/j.biopsycho.2012.03.018
van Steenbergen, H., Band, G. P. H., & Hommel, B. (2013). Dynamic control
adaptations depend on task demands: Evidence from behavior and pupillometry. Unpublished
manuscript.
van Steenbergen, H., Band, G. P. H., Hommel, B., Rombouts, S. A. R. B., &
Nieuwenhuis, S. (2014). Hedonic hotspots inhibit cingulate-driven adaptation to cognitive
demands. Cerebral Cortex. http://dx.doi.org/10.1093/cercor/bht416
van Steenbergen, H., Booij, L., Band, G. P. H., Hommel, B., & van der Does, A. J. W.
(2012b). Affective regulation of cognitive-control adjustments in remitted depressive patients
after acute tryptophan depletion. Cognitive Affective & Behavioral Neuroscience, 12, 280-286.
http://dx.doi.org/10.3758/s13415-011-0078-2
van Wouwe, N. C., Band, G. P. H., & Ridderinkhof, K. R. (2011). Positive affect
modulates flexibility and evaluative control. Journal of Cognitive Neuroscience, 23, 524-539.
http://dx.doi.org/10.1162/jocn.2009.21380
Vanlessen, N., Rossi, V., De Raedt, R., & Pourtois, G. (2013). Positive emotion
broadens attention focus through decreased position-specific spatial encoding in early visual
cortex: Evidence from ERPs. Cognitive Affective & Behavioral Neuroscience, 13, 60-79.
http://dx.doi.org/10.3758/s13415-012-0130-x

40

Van Steenbergen - Affect and control

41

Verguts, T. & Notebaert, W. (2009). Adaptation by binding: a learning account of
cognitive

control.

Trends

in

Cognitive

Sciences,

13,

252-257.

http://dx.doi.org/10.1016/j.tics.2009.02.007
Watson, D. & Tellegen, A. (1985). Toward a consensual structure of mood.
Psychological bulletin, 98, 219-235. http://dx.doi.org/10.1037/0033-2909.98.2.219
Winkielman, P., Schwarz, N., Fazendeiro, T., & Reber, R. (2003). The hedonic marking
of processing fluency: Implications for evaluative judgment. In J.Musch & K. C. Klauer (Eds.),
The psychology of evaluation: Affective processes in cognition and emotion (pp. 189-217).
Mahwah, NJ: Lawrence Erlbaum.
Wiswede, D., Munte, T. F., Goschke, T., & Russeler, J. (2009a). Modulation of the
error-related negativity by induction of short-term negative affect. Neuropsychologia, 47, 8390. http://dx.doi.org/10.1016/j.neuropsychologia.2008.08.016
Wiswede, D., Münte, T. F., Kramer, U. M., & Russeler, J. (2009b). Embodied emotion
modulates neural signature of performance monitoring. PLoS ONE, 4, e5754.
http://dx.doi.org/10.1371/journal.pone.0005754
Yik, M. S. M., Russell, J. A., & Barrett, L. F. (1999). Structure of self-reported current
affect: Integration and beyond. Journal of personality and social psychology, 77, 600-619.
http://dx.doi.org/10.1037/0022-3514.77.3.600
Zubieta, J. K., Ketter, T. A., Bueller, J. A., Xu, Y. J., Kilbourn, M. R., Young, E. A. et al.
(2003). Regulation of human affective responses by anterior cingulate and limbic mu-opioid
neurotransmission.

Archives

of

General

http://dx.doi.org/10.1001/archpsyc.60.11.1145

Psychiatry,

60,

1145-1153.

Van Steenbergen - Affect and control
Figures

Figure 1. A. Example of a randomly selected sequence of Stroop trials being either
compatible (C) or incompatible (I). Sequential-effect analyses compare current-trial
compatibility effects (as indicated by upper-case letters C and I, trial N) on behavior as a
function of the compatibility of the preceding trial (indicated by lower-case letters c and I,
trial N-1). B. Left panel: A typical example of control adaptation: the Stroop interference effect
is smaller on trials that follow incompatible trials than on trials that follow compatible ones.
Middle panel: A possible direct improvement of sustained cognitive control will reduce the
interference effect. In other words, a main effect on current compatibility. Right panel: A
possible indirect improvement of cognitive control will increase conflict adaptation: the
interference effect following a conflict trials is reduced in these cases.
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Figure 2. Interactions between basal ganglia and ACC that are likely to support the
affective modulation of control adaptation. Labels indicate the proposed function of the
respective areas. rACC: rostral Anterior Cingulate Cortex; dACC: dorsal Anterior Cingulate
Cortex; VS: Ventral Striatum; VP: Ventral Pallidum. Reprinted by permission from Oxford
University Press: Cerebral Cortex, van Steenbergen et al. (2014), copyright (2014).
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