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Abstract

Often seen as the paragon of higher cognition, here we suggest that cognitive control is dependent
on emotion. Rather than asking whether control is influenced by emotion, we ask whether control
itself can be understood as an emotional process. Reviewing converging evidence from
cybernetics, animal research, cognitive neuroscience, and social and personality psychology, we
suggest that cognitive control is initiated when goal conflicts evoke phasic changes to emotional
primitives that both focus attention on the presence of goal conflicts and energize conflict
resolution to support goal-directed behavior. Critically, we propose that emotion is not an inert
byproduct of conflict but is instrumental in recruiting control. Appreciating the emotional
foundations of control leads to testable predictions that can spur future research.
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Does cognitive control depend on emotion?

Cognitive control refers to mental processes that allow behavior to vary adaptively
depending on current goals. It is multifaceted, with one of its core functions being to
override, restrain, or inhibit unwanted yet dominant response tendencies [1]. Cognitive
control is recruited during low-level reaction time tasks, but also during complex self-
regulatory behaviors [2]. For example, cognitive control could involve inhibiting habitual
reading responses on the Stroop task (see Glossary) [3], restraining one’s desire for
unhealthy foods [4], or overcoming stereotypical associations about black men [5].
Cognitive control, and the related concepts of self-control and self-regulation [2], thus
allows people to restrain their hearts, bodies, and minds away from the temptations of
everyday life and to maintain focus on more longstanding goals. As such, cognitive control
confers substantial benefits for individuals and society, including prospectively predicting
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better health, superior academic performance, reduced substance dependence, improved
personal finances, and lower rates of criminal offending [6-8].

Cogpnitive control, in short, promotes the good life. But, what are the factors that prompt
control and drive it forward? What are its precise mechanics? Given its myriad benefits,
understanding when and how cognitive control is engaged is important. We suggest that
negative affect is an integral, instantiating aspect of cognitive control. The goal of this
opinion article is to suggest that cognitive control, often seen as the paragon of higher
cognition, is dependent on emotion.

According to psychological construction approaches [9,10], so-called basic emotions such as
joy or anger can be broken down into more primitive elements, including changes in core
affect, physiology, expression, attribution, appraisal, and subjective experience. Together,
these emotional primitives combine in varying degrees, with emotion emerging as a result.
Here, we propose that cognitive control is initiated when goal conflicts arouse negative
affect. This affect, in turn, makes goal conflicts salient and motivates goal-directed behavior
that functions to resolve the conflict and minimize its recurrence.

Emotion—cognition interactions

Historically, emotion has been cast as an enemy of cognitive control, undermining any
attempts to exercise restraint [11]. However, most contemporary theorists view emotion and
cognition as fully integrated, only minimally decomposable, and without clear demarcation
in the human brain [12,13].

To be sure, there is a rich tradition of research on the topic of emotion—cognition
interactions [14], with specific research on the impact of emotion on control [15]. However,
unlike past treatments, which have examined the impact of incidental moods or emotions on
control [16,17] or that have examined the impact of cognitive control on the unfolding of
emotional experience [18], here we examine the influence of integral emotion on cognitive
control —asking not whether cognitive control is influenced by emotion (it is), but whether
control itself can be understood as an emotional process.

When considering their implications for cognitive control, it is important to differentiate
integral from incidental emotions [15]. As the name implies, incidental emaotion is
secondary, elicited by some unrelated task or mood manipulation. Integral emotion, by
contrast, is elicited by features of the proximal task itself — in this case, the experience of
conflict — and as such is essential for signaling the need for greater control. This differs from
emotion occurring as an extrinsic factor that might moderate self-control, but operates
separately from it. Such incidental emotions can have inconsistent effects on control
dynamics [15,19], variously working in concert with control, competing with control, or
having no impact [16,17,20].

In contrast to these ambiguous associations, here we review converging evidence from
cybernetics, animal research, cognitive neuroscience, and social and personality psychology
suggesting that negative affect is an integral aspect of cognitive control, alerting organisms
to the need for control and energizing its execution.
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What is emotion?

According to a poll of 35 distinguished emotion researchers [21], emotion can be described
as consisting of ‘neural circuits (that are at least partially dedicated), response systems, and a
feeling state/process that motivates and organizes cognition and action’ (p. 367). This
description maps onto the common view that emotion is characterized by an organic mix of
subjective experience, changes in physiological arousal, and behavioral expression [22]. It
also maps onto the view that emotion prepares an organism to act or to respond to
environmental demands [22,23], and that it orients organisms to cues in the environment that
signal motivationally important needs and desires [24].

Although emotions have been rigorously studied for many decades, basic questions about
the nature of emotion remain unanswered. In particular, there has been much recent debate
about whether emotions are natural kinds [10], or whether emotions are more dynamic and
fluid phenomena that are psychologically constructed anew each time [9,13]. This debate is
beyond the scope of the present article; here, we simply note that there is utility in
decomposing emotion to its more primitive constituent elements. In the following sections,
we propose that similarly decomposing cognitive control reveals that it comprises the same
types of affective, physiological, and experiential constituent elements as prototypical
emotions, and thus may resemble an emotional episode [9]. As shown in Figure 1, an
emotional episode is like a chain reaction: an instigating or antecedent event produces
changes in a host of emotional primitives that, in turn, motivate the execution of goal-
directed behavior.

Cognitive control begins with conflict

Converging evidence suggests that cognitive conflict instigates control efforts. We define
conflict as any disagreement or discrepancy between mental representations, response
tendencies, or actual behavior. Cybernetic models, based on simple feedback loops, have
been very successful in modeling control [25-27], identifying three main components: (i)
goals/set points that act as desired standards with motivational value (Box 1); (ii)
comparators/monitors that scan the current state of the environment to detect conflicts with
desired set points; and (iii) implementers/effectors that make corrections and adjustment to
the current state to reduce the size of state/set point mismatches.

Box 1
Goals, motivations, and cognitive control

The existence of personal goals is a clear precursor to cognitive control [26]. It is only
once a goal is defined that intrapersonal and contextual factors can conflict with and
impede goal progress, necessitating the need for corrective action. Goals differ in their
importance, however, and goals that are more highly valued are more likely to engage
control processes than goals that are less valued [95]. Thus, motivation, which has an
intrinsic relationship with the activation and representation of goals [96], plays a
fundamental role in cognitive control [97].
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Motivation can be defined as an internal state that drives behavior toward a rewarding
goal or end point and away from undesirable or punishing outcomes [16]. According to
some theorists, emotion and motivation cannot be considered separately from one another
[16,75,98], with emotion as the readout or output of some motivated potential [98].
Accordingly, when motivationally relevant goals are at risk of not being met (e.g., during
goal conflict), negative affect is produced [58]. More highly valued goals in turn produce
more intense motivation, and thus generate more negative affect at the prospect of goal
failure.

The motivation and willingness to engage control efforts depends on a trade-off between
the expected payoff from a controlled process (e.g., acquiring some desirable reward or
avoiding some undesirable punishment) and the perceived cost of engaging control in
terms of cognitive effort [56]. When these factors lead individuals to feel motivated,
cognitive conflict is particularly salient, resulting in considerable task-related negative
affect when control fails or is at risk of failing [58]. This negative affect is not merely
output, however, and can result in goal reprioritization and the mobilization of further
goal-directed actions [27,41]. Emotion, in our view, is consequently both an output of
motivation and an input to the execution of goal-directed behavior.

For example, people who are intrinsically motivated to control prejudice exhibit better
control of their biased impulses than those who are not similarly motivated, and do so
because of heightened neuroaffective response to their own errors [99]. Similar results
have been found with monetary incentives, the advent of choice, and the threat of
punishment [84,95,100]. Motivation, in short, directs cognitive control [16,97], with
emotion as output of and input to processes that engender control.

Cybernetic principles, especially the principle of a conflict monitor, are found in nearly
every model of control. For example, revised reinforcement sensitivity theory, based on
animal models and behavioral pharmacology, suggests that behavioral inhibition is
instigated by conflict within and between appetitive and aversive motivational systems [28].
Thus, goal conflicts lead to the overriding of ongoing behavior — a form of control — as
organisms determine the optimal course of action [28,29]. For example, behavioral
inhibition might occur following conflicts between a dieter’s longstanding goal of not
gaining weight and the situational goal of consuming sweets [30]; it might also occur when
deciding between small immediate rewards and larger delayed rewards [31,32].

Cogpnitive neuroscience models of control place similar importance on systems responsible
for monitoring response conflicts or prediction errors [33,34]. Conflict monitoring theory
focuses on how the monitoring system plays an important role in scrutinizing the moment-
to-moment representations of action tendencies for potential conflicts so that inhibitory
mechanisms may be engaged to override the unwanted tendency and promote effective goal
pursuit [33,35]. For example, because reading is an overlearned response for literate adults,
the word ‘red” presented in green font will activate both the urge to read the word (i.e., say
‘red’) and the Stroop goal of naming the color (i.e., say ‘green’), which conflict with one
another. When conflict is detected by these systems, a second regulatory system is engaged,
biasing behavior toward the goal-relevant response while suppressing incompatible
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responses. These functions are thought to be implemented by the dorsal anterior cingulate
cortex (dACC) and the dorsolateral prefrontal cortex, respectively [36].

Social and personality psychology theories similarly stress the importance of conflict in
instigating control, with theorists suggesting that the presence of conflict is the ‘defining
feature of self-control phenomena’ ([37], p. 77; [38,39]). Several theories explicitly use
feedback loop dynamics to model control. The control of one’s thoughts, for example,
requires an operating process that promotes the intended state and a monitoring process that
scans for thoughts that are inconsistent or in conflict with the intended state ([40]; see also

[27]).

Conflict is aversive

Conflict is thus at the heart of control. Conflict, however, is not affectively neutral.
According to some cybernetic theorists, the detection of conflict is accompanied by various
affective states, including negative affect when the rate of conflict reduction is too slow
[27,41]. According to revised reinforcement sensitivity theory [28], the system that detects
conflict not only inhibits ongoing behavior and enhances risk assessment but also produces
feelings of worry, caution, and uncertainty [42]. Finally, the classic social psychological
concept of cognitive dissonance —referring to the coactivation of conflicting mental
representations — has for decades been characterized by its aversive, emotional essence
[43,44].

These early perspectives on conflict have been confirmed more recently by cognitive and
affective neuroscience, which has made it clear that conflict has an emotional cost [45].
What is more, these emotional costs have not been limited to the types of conflicts that
threaten cherished goals or values [46], but have also been found in low-level cognitive
tasks containing simple response conflict. For example, when participants are presented with
conflict-instigating, incongruent Stroop words as primes, they are quicker to identify
negatively valenced targets [47] and to evaluate neutral targets as negative [48] in
comparison to when presented with congruent Stroop words. These results imply that
conflict produces negative affect. This affect, however, is very short lived [49], implying
that the emotional aspect of cognitive control is best characterized as transiently tied to the
conflict itself; for minor conflicts, it is more like a quick twinge of affect that arises and
dissipates rapidly [50] rather than a full-blown emotion that is slow to rise and slow to fall
[51].

Further evidence for the emotionally aversive nature of conflict comes from work relating
response conflict to a number of other emotional primitives (Figure 2). For example,
performing laboratory control tasks, such as the Stroop task, increases activity in the
sympathetic nervous system [52,53], including heart rate deceleration, as well as increases in
blood pressure, ventilation, and plasma norepinephrine. These same types of tasks also
produce feelings of anxiety and frustration [54,55]. Such laboratory tasks are high in conflict
because they contain both a proportion of high-conflict trials (e.g., ‘red’ presented in green)
and also because they lead participants to make errors, which some consider an extreme
form of (unresolved) conflict [35,56]. Focusing specifically on the presentation of high-
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conflict stimuli (but not necessarily errors), other research indicates that conflict increases
pupil dilation [57], strengthens contraction of the corrugator supercilii (frowning) muscle in
the face [58], and encourages the behavioral tendency to avoid conflict-laden tasks [59].

Cognitive conflict is also registered in the human brain, with much work over the past two
decades pointing to the dACC as playing a prominent role [33,34,36,56,60]. Much of this
work centers around errors and the discovery of an evoked brain potential that accompanies
errors, called error-related negativity (ERN; [60]). That the ERN is generated by the dACC
is not surprising given the aversive nature of errors and the long-held view that the ACC
plays a key role in the evaluation of pain and distress [61,62]. The involvement of the dACC
in both conflict and negative affect [63,64] further suggests functional overlap between the
two domains.

The reactivity of the dACC to errors is thus likely to represent more than just the cold
registration of conflict but may also register as an aversive signal [65], representing a
distress- or threat-related response to potential or actual goal failure [19,66]. In support of
this, errors in a cognitive task are associated with a host of physiological changes consistent
with the mobilization of defensive motives, such as increased skin conductance, greater
cardiac reactivity [67], corrugator muscle contraction [58], and increased startle reflexes
[68]. Increased ERN amplitudes are likewise observed among people who are most sensitive
to negative affect, such as those suffering from anxiety disorders [69,70].

Although the conflict produced by the commission of errors and the presentation of high-
conflict stimuli are related, they are not identical. Recent neuroimaging work suggests that
although errors and conflict recruit overlapping regions of the presupplementary motor area,
they are also distinguishable, with errors especially activating the rostral cingulate zone [71].
This might suggest that although both errors and conflict involve the inhibition of competing
motor plans [72], errors might be particularly affective, enlisting stronger emotional
responses and, as a result, greater adjustments in subsequent control.

Variation in conflict-related emotion predicts variation in control

Considerable evidence indicates that the experience of conflict is aversive [54,58,68], and
that conflict instigates control [36,73]. Does this mean that the affective quality of conflict
impels control? Or, is negative affect merely epiphenomenal — a mechanistically inert
byproduct of the neural activities that control behavior [74]?

There are many reasons why emotion would play an important role in the engagement of
cognitive and behavioral resources to resolve conflicts. Most notably, emotion is especially
good at recruiting attention and mobilizing an organism for action [75], even when the
attentional system is otherwise occupied [76]. Emotional stimuli preferentially capture
attention because they signify the presence of motivationally relevant information [77], and
in so doing help promote adaptive behavioral responses [78]. Thus, an incongruent Stroop
trial will register as an aversive signal [47], which not only helps make response conflict
salient but also helps in preparing corrective actions to manage the conflict.
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The idea that negative affect might be instrumental to cognitive control first emerged in
research examining the effects of anxiolytic drugs on post-error adjustments in control.
Specifically, it is now well known that a moderate dose of alcohol attenuates ERN
amplitudes and impairs post-error behavioral adjustment [79]. Similar effects have been
reported with other anxiolytic agents, including lorazepam and triazolam, but not with
stimulant medications [80,81]. Although these effects were first attributed to drug-induced
changes in attention and awareness [79], they are now thought to be a product of the
anxiolytic properties of the drugs, with evidence that the effects of alcohol on both the ERN
and post-error adjustment are mediated by alcohol-induced reductions in subjective negative
affect [82].

Other evidence indicates that when the aversive quality of conflict is muted, control suffers.
Conflict adaptation, for example, is eliminated when conflict trials are followed by monetary
gain (compared with both neutral and loss conditions) [83]. This suggests that conflict per se
is insufficient for instigating control adjustment, with the affective consequences of conflict
being crucial.

Additional research indicates that the magnitude of both the ERN and post-error behavioral
adjustment are larger when errors are punished than when they are not [84], consistent with
the argument that more aversive errors elicit larger dACC activation and instigate greater
post-error adjustments in control. Similarly, high-conflict trials during an inhibition task
elicit greater activity in the corrugator supercilii muscle, an unambiguous reflection of
negative affect [85], than do low-conflict trials [58]. Critically, error-related corrugator
activity predicts post-error control adjustments, consistent with the idea that variation in
negative affect predicts variation in control. Finally, psychological manipulations that
reduce negative affect —by changing cognitive appraisals and attributions — not only directly
reduce ERN but also indirectly reduce cognitive control [55,86].

Together, findings from these studies point to a causal role for conflict-related negative
affect in instigating control. A functional role for negative affect makes sense when
considering that across virtually all mammalian species emotion systems have evolved to
motivate adaptive behavior [87].

Emotion is necessary but not sufficient for recruiting control

It is important to note that although conflict-related emotion may be a necessary precursor
for control, it is likely to be not sufficient. People high in trait anxiety (Box 2), for example,
respond to conflict with heightened emotion but may ruminate and worry about the
significance of that emotion instead of using it to motivate corrective behavior [70,88].
There are a variety of ways to regulate affective states, only some of which focus on the
source of the emation, with other solutions focusing on the emotions themselves [89].
Dealing directly with a conflict-laden event through the mobilization of cognitive control is
an effective strategy for reducing negative affect. Nonetheless, people may focus on trying
to make themselves feel better when they lack the ability to address the conflict itself, or if
the emotional intensity of the conflict is too threatening.
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Box 2
Trait negative affect and cognitive control

Accumulating evidence points to an association between trait negative affect (i.e., trait
anxiety) and enhanced neural responses to conflict and errors [69,70]. Given that
increased neural responses to conflict are associated with the enhancement of cognitive
control [36,69], one might be tempted to conclude that highly trait-anxious individuals
would be better at recruiting control than less anxious people. Research, however,
suggests the opposite: highly anxious people tend to have difficulty controlling their
attention and inhibiting task-irrelevant information [88,101]. How can these apparently
discrepant sets of findings be reconciled? The answer might lie in the ability to use
conflict-related negative affect adaptively.

The heightened sensitivity to punishment and uncertainty that is characteristic of trait-
anxious individuals makes them highly susceptible to attentional capture by potential
threats in the environment [102]. These potential threats summon attentional resources
through bottom-up orienting processes, disrupting pre-existing goal frames. As a result of
this persistent capturing of attention by potential threats, highly anxious people have
fewer attentional resources available to support active goal maintenance [70] and
cognitive control [16]. In effect, highly anxious individuals are less able to efficiently
deploy their control resources for two reasons: (i) they have fewer cognitive resources
available to support proactive forms of control, leading to greater reliance on less
efficient, reactive processes [70,103]; and (ii) the aversive signals arising from cognitive
conflict cannot effectively compete with the chorus of task-irrelevant threat signals that
they experience. As a result, highly anxious individuals must exert greater cognitive
effort simply to perform at the same level as less anxious people [88,104].

People with high levels of trait anxiety also tend to feel overwhelmed by the intensity of
their emotions, making it harder to understand and identify the most adaptive behavioral
response to their affective signals [105]. Indeed, such people can have difficulty
evaluating their own performance, such that negative and positive performance outcomes
both produce similar affective responses and dACC activity [106,107]. Consequently,
although trait anxiety is associated with greater conflict-related activity in the dACC
[69,70], this activity does not necessarily translate to improved cognitive control.

Concluding remarks

Interest in cognitive control has blossomed in the past decade, perhaps unsurprisingly given
that it is predictive of so many important life outcomes [6]. Despite this interest, however,
answers to basic questions of what control is and how it is initiated remain elusive. The main
contribution of this opinion article is to suggest that cognitive control can be understood as
an emotional process; emotion, in our view, is an essential component of control, alerting
organisms to its need and energizing its execution.

Such a view is not merely descriptive but also generative of several interesting hypotheses.
For example, it offers a mechanism by which increasing emotional sensitivity and
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acceptance — such as through mindfulness meditation training — can increase control [90]. It
also provides a mechanism by which pathological deficits in emotional sensitivity, such as
in psychopathy [91], may disrupt the engagement of cognitive control. Similarly, given
suggestions that BOTOX® (which paralyzes muscles of facial expression) can shape
emotional experience [92], BOTOX® injections to the corrugator may interfere with the
experience of conflict, and thus control. Likewise, given the provocative work relating the
administration of acetaminophen (i.e., Tylenol) to reductions in social pain [93] and perhaps
to negative affect more broadly [94], acetaminophen may reduce conflict-related negative
affect and impair control as a consequence. More generally, a novel prediction of the present
framework is that any manipulation that disrupts the emotional primitives that comprise
conflict-related negative affect should also disrupt the effective engagement of cognitive
control in response to that conflict.

Although it has traditionally been cast as the enemy of control, affect appears crucial to its
instigation. We suspect that a greater appreciation of the integral role of affect in higher
mental operations will help the field gain a richer understanding of cognitive control and
stimulate future research.
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Glossary

Affect is an umbrella term for psychological states that involve valuation, or a
‘good-for-me’ versus ‘bad-for-me’ judgment. Affective states include
transient states, full-blown emotional states with clear instigators, and
more diffuse mood states where the instigator in unclear

Anterior is a thick belt of cortex that surrounds the corpus callosum. Although

cingulate early research segregated functions of the ACC into a more emotional

cortex (ACC) rostral part and a more cognitive dorsal part, more recent integrationist
accounts indicate that negative affect, pain, and cognitive control
activate overlapping regions of the dorsal ACC (dACC)

Conflict is the phenomenon whereby response times on high-conflict trials in

adaptation speeded reaction time tasks tend to be faster and less error-prone when
they follow a high-conflict trial in comparison to when they follow a
low-conflict trial. Conflict adaptation is thought to occur because the
experience of conflict prompts an increase in regulatory control
processes that result in improved performance on the next trial

Core affect is an emotional primitive that is thought to be at the core of all emotion-

laden events and refers to a nonreflective feeling state characterized by a
blend of valence (pleasure—displeasure) and arousal (sleepy-activated)
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Corrugator is a small narrow muscle close to the eye, located at the medial end of
supercilii the eyebrow. It draws the eyebrow downward and medially, resulting in
the appearance of frowning. The corrugator is regarded as the principal
muscle in the expression of negative affect

Emotional are the most basic and simple building blocks of emotion, including

primitives changes in core affect, physiology, and subjective conscious experience.
The concept of emotional primitives acknowledges that emotions can be
broken down into more basic elements or dimensions and runs counter
to the idea of emotions as irreducible natural types

Error-related is a sharp, negative-going evoked electrical brain potential measured

negativity through electroencephalography (EEG) that is time-locked to the

(ERN) commission of an error. Peaking around 50-100 ms after an erroneous
response, the ERN is thought to be generated by the ACC and to reflect
an evaluative aspect of conflict or error detection

Post-error refers to the phenomenon whereby response times and accuracy tend to

dowing (or increase following errors, thought to reflect the strategic engagement of

post-error controlled responding when desired outcomes are not occurring

adjustment)

Stroop task consists of color word stimuli that are presented in font colors that are
either congruent (e.g., the word ‘red’ presented in red) or incongruent
(e.g., the word ‘red’ presented in green) with the semantic meaning of
the word. During the task, participants are asked to name the color of
the word, but not to read it. Because incongruent trials involve conflict
between the prepotent reading response and the task-appropriate color-
naming response, such trials typically generate longer reaction times and
more errors
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Figure 1.

Emotional foundations of control. When decomposed, emotional episodes break down to (i)
an antecedent event that (ii) produces changes in a cascade of different emotional primitives,
which then (iii) motivate the execution of goal-directed behavior. When cognitive control is
similarly decomposed, it becomes apparent that it is constituted by the same types of
elements. Specifically, cognitive control is constituted by (i) an antecedent event (goal
conflict) that (ii) triggers a host of emotional primitives (including changes in affect, facial
expressions, underlying physiology, subjective experience, appraisals, and attributions) that
(iii) motivate refocusing on goal-directed behavior (recruitment of control).
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Figure2.
Cogpnitive conflict is aversive. Cognitive conflict is associated with a number of emotional

primitives. Performing a laboratory control task, such as the Stroop task, increases activity
in the sympathetic nervous system, including heart rate deceleration, as well as increases in
blood pressure, ventilation (defined as the product of breathing rate and tidal volume), and
plasma norepinephrine. Exposure to high-conflict stimulus (such as the word ‘red’ printed in
green) activates the dorsal anterior cingulate cortex (dACC), evokes pupil dilation, leads to
contraction of the corrugator supercilii muscle of the face, primes negative evaluation of
subsequent stimuli, and produces conscious self-reports of anxiety and frustration. The
aversive nature of conflict is also evident because it fosters a behavioral tendency to avoid
conflict-laden tasks.
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