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Abstract 

Emotion regulation allows behavior to be guided in favor of long-term goals when these 

are at odds with the influence of a competing, emotional response. In this chapter, we 

propose that conflict may serve as one measure used by the brain to determine when 

emotion regulation is necessary, paralleling the similar use of conflict signals to signal 

the need to regulate interference arising from non-emotional processes. Conflict has been 

well studied in contexts where cognitive control is required to avoid erroneous or 

prepotent responses in cognitive tasks. Brain responses in the anterior cingulate cortex 

correlate with the level of conflict and predict subsequent increases in prefrontal cortex 

activity and exertion of control. Drawing upon findings from tasks in a variety of 

domains, including economic decision-making, social exchange, and moral judgments, 

we show that the anterior cingulate cortex is also activated under conditions in which 

there is competition between emotional and cognitive processes. Based on the hypothesis 

that the anterior cingulate cortex engages control mechanisms that regulate emotional 

processes as it does the regulation of cognitive processes, we speculate about how 

decision-making proceeds in cases involving cognition-emotion competition. 
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I. Introduction 

Sometime between 2:00 AM and 3:00 AM, a man is being rushed through a hallway on a 

gurney to be treated for a gunshot wound. He has massive internal bleeding and will die 

soon if not treated. He is also the only person who knows the location of a stolen nuclear 

warhead that terrorists are threatening to detonate in a major U.S. city before dawn. As 

the government agent hurries the man into the operating room, he sees the one available 

doctor in the middle of a heart surgery necessary to save the life of the person who, only 

hours before, saved this agent’s life. Jack Bauer is confronted with a moral dilemma, the 

likes of which are common fare in T.V. dramas (in this case, Fox’s television show 24), if 

not everyday life. Does Bauer sacrifice the life of the man to whom he is emotionally tied 

and to whom he owes his life in order to potentially save the millions of people 

threatened by the terrorists? Or, does he allow his friend’s heart surgery to continue, 

running the risk that the sole connection to the stolen warhead will be lost? 

 

While this example is clearly dramatized, it highlights a set of problems that have proven 

beguiling to moral philosophers (Greene et al., 2001). The utilitarian solution to Jack’s 

dilemma is obvious: he should sacrifice the one life — no matter how cherished it is to 

him — for the sake of the millions of lives threatened by the terrorists. However, when 

dilemmas involve sacrificing the life of a person to whom you have a close personal link, 

then emotional reactions, and common moral intuitions, may run counter to the utilitarian 

solution;  that is, the one that would do good for the greatest number of people. Jack is 

faced with a moral judgment that involves a true conflict (Greene et al., 2004). We 

propose that the occurrence and detection of such conflicts are used explicitly by the 
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brain to determine when emotion regulation is necessary, and to engage regulatory 

control processes. In Jack’s case, emotion regulation is needed to constrain and/or 

override his emotional response, so that the optimal course of action can be determined 

and executed. 

 

In this chapter, we review recent work addressing decisions similar the one in the 

example above, in which cognition and emotion are simultaneously involved and have 

opposing effects on behavior. Competition between cognitive and emotional processes 

arises in many domains beyond moral judgment. We review two additional examples 

from behavioral economics, one involving social exchange (the ultimatum game; Sanfey 

et al., 2003), and the other time discounting and intertemporal choice (McClure et al, 

2004a).  Both correspond to situations that arise commonly in the world.  The ultimatum 

game models situations such as the following:  You are selling an item but have only one 

offer that is well below what you consider to be the fair price. One the one hand, your 

desire to sell motivates you to consider the offer and at least recoup some of your 

investment (cognitive). On the other hand, your sense of fairness pushes you to decline 

the offer out of sheer indignation (emotional). Studies of intertemporal choice — having 

to choose between two options, one of which is worth less but available sooner, and the 

other of which is worth more but not available until later — address an experience that 

we encounter almost daily:  the need to resist an immediate temptation in the service of a 

longer-term good. Dieting is a clear example. One may wish to lose weight to improve 

long-term health (cognitive), but struggle at the sight of an appetizing dessert 

(emotional). 
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Recent experimental work on these three classes of problem—moral decisions, fairness in 

social exchange (the ultimatum game), and impulsiveness (intertemporal choice) — has 

produced a strikingly consistent, if still coarse-grained, picture about the neural 

mechanisms involved in decision-making when cognitive and emotional processes come 

into competition. In each of the experimental examples we review, functional MRI 

(fMRI) data have revealed regions of brain activity that respond separately to the 

engagement of cognitive and emotional processes. Furthermore, the relative degree of 

activity in these areas correlates closely with behavioral outcome. When neural activity is 

elevated in emotion-related brain areas, principally limbic and closely linked cortical 

areas, choices tend to be resolved in favor of the emotional demand. When neural activity 

is relatively greater in cognition-related areas, including dorsolateral prefrontal cortex 

(DLPFC) and posterior parietal cortex, the outcome favors what is often considered to be 

the more rational (or, in the case of moral decisions, utilitarian) choice. 

 

An important question concerning the interaction between cognitive and emotional 

systems is how competition is detected when it occurs, and how this is resolved.  This 

question is closely related questions about “emotional regulation”, the topic of this 

volume (e.g. Ochsner and Gross, 2005).   The findings we review suggest that at least one 

set of mechanisms are involved that are similar, if not identical, to those that have been 

linked to other forms of competition and conflicts in processing that do not directly 

involve emotional regulation.  Such circumstances have been consistently associated with 

activity in a dorsal region of the anterior cingulated cortex (ACC), and subsequent 
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engagement of structures associated with cognitive control and the resolution of conflict, 

including DLPFC (Carter et al., 1998; Botvinick et al., 2001; Kerns et al., 2004).  

Similarly, as we shall see, conflict between cognitive and emotional processes engages 

similar regions.  This suggests that mechanisms thought to detect and resolve conflicts in 

domains traditionally considered to be primarily cognitive (e.g., between color naming 

and word reading in the Stroop task; Stroop, 1935), may also be important for carrying 

out similar functions when conflict involves cognitive and emotional processes. 

 

We begin with a brief section describing our working use of the terms emotion and 

cognition, as well as an operational definition of “conflict.” We then turn to a review of 

the experimental work examining moral decision-making as well as economic decision-

making in the ultimatum game and in intertemporal choice. In order to interpret the 

consistent finding of ACC activity in these cases, we review the conflict monitoring 

theory of ACC function. Finally, we highlight several predictions derived from conflict 

monitoring that we speculate may hold for cognitive-emotional interactions as well. 

 

II. Definitions 

In each of the problems to be discussed, we draw a distinction between emotional and 

cognitive task demands, as well as emotion- and cognition-related brain systems. These 

distinctions have an almost irresistible intuitive appeal, and have been used to divide 

entire fields of inquiry, both within science and beyond.  They also raise legitimate 

concern, both at the psychological and neurobiological levels.  At the psychological level, 

it has long been recognized that there is there is little meaning to reason without 
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motivation (e.g. Hume, 1739), while, at the same time, emotions reflect information 

processing in the service of a goal, just like any other computation carried out by the 

brain.  Furthermore, it seems likely that well-adapted behavior usually involves close 

interactions and tight integration between emotional and cognitive processes.  So, what 

purpose does a distinction between cognition and emotion serve? We believe, like many 

others, that this distinction recognizes the fact that different forms of mental and 

computational processes have developed to serve different types of functions, and  

challenge us to identify and better understand their distinguishing characteristics.  Below, 

we outline these, as working definitions for how we use the terms “emotion” and 

“cognition” in the remainder of this chapter. 

 

We use emotion to signify a set of valenced behavioral and concomitant physiological 

responses that correlate with specific subjective experiences. This is very similar to the 

definition employed by others (e.g. Frijda, 1986). From a psychological perspective, it is 

useful to think about emotional processes as a subset of automatic processes, in that they 

are quick to respond and produce stereotyped effects on behavior. They can be 

differentiated from other automatic processes in that they are valenced; that is, that they 

have valuative significance, carrying a level of attraction or aversion to the events that 

evoke them. The functions of emotion-related brain areas in limbic and paralimbic brain 

regions exhibit these properties (LeDoux, 1996).  This includes regions of the striatum 

and amygdala, as well as regions of frontal cortex including the insula, orbital and medial 

frontal cortex.  Activity in these areas can occur within a very short delay following a 

stimulus, is typically associated with valenced stimuli (i.e., rewarding or aversive), and 
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often is accompanied by stereotyped responses. Fast, strong, automatic processes of this 

sort provide obvious benefit for identifying and responding advantageously to a fleeting 

opportunity or an imminent threat.  It seems reasonable, therefore, to assume that 

emotions represent processing mechanisms that have proven to be adaptive over the 

course of development, whether of the species, specific cultures, or the individual. 

 

We contrast emotions with cognitive processes that are more deliberative, and support a 

wider range of behaviors.  Such processes appear to rely on a different set of brain 

structures, typically including dorsolateral and anterior regions of prefrontal cortex, as 

well as posterior parietal cortex. These systems are consistently observed to be involved 

in a variety of cognitive processes such as working memory (e.g., Cohen et al., 1997), 

abstract reasoning (e.g., Kroger et al., 2002), and general problem solving (e.g., Duncan 

et al., 2000).   There is growing consensus that these systems are central to the brain’s 

ability to flexibly respond to rapidly changing task demands, as well as the pursuit of 

longer-term, goal-directed behavior, especially when this faces competition from more 

immediate or compelling stimuli or behaviors (e.g., Miller and Cohen, 2001).  

 

This distinction between emotional and cognitive processes aligns closely with the long-

standing distinction that psychologists have made between automatic and controlled 

processing (Posner and Snyder, 1975; Shiffrin and Schneider, 1977), and the distinction 

made more recently by behavioral economics between hot and cold, or System 1 and 

Sytem 2 processes (Chaiken and Trope, 1999; Lieberman et al., 2002; Mischel et al., 

2003; Kahneman, 2003; Loewenstein and O’Donoghue, 2004).  All of these models share 
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the distinction between a fast, automatic, efficient, but rigid type of processing, and 

slower, more effortful, and capacity-limited, but more flexible type of processing. 

 

III. Emotion and cognition in decision-making: Three examples 

Separate emotional and cognitive processes are likely to be engaged in many behaviors.  

When we meet someone we form a quick, emotion-based impression of them that is 

subsequently refined cognitively (Fiske and Neuberg, 1988). Responding to fearful 

events involves a fast, stereotyped, emotional response followed by a slower reaction 

subject to cognitive assessment (LeDoux, 1996; Fox et al., 2005). Buying behaviors are 

rife with automatic, emotional influences as well as deliberative ones (Hoch and 

Loewenstein, 1991). Even deciding between two drinks depends on both emotional and 

cognitive processes (McClure et al., 2004b; Adolphs et al., 2005). These observations 

have received support from neuroimaging studies.  Activation of reward and evaluative 

mechanisms (such as the ventral striatum, orbitofrontal cortex and amygdala) is 

commonly observed in tasks that also engage cognitive processing (e.g., LeDoux, 1996;  

Fox et al., 2005). 

 

Under most circumstances, behavior appears to reflect a seamless integration of cognitive 

and emotional processes.  For example, the mechanisms underlying reinforcement 

learning (Montague et al., 1996) are also believed to play a critical role in regulating 

working memory function (Luciana et al., 1992;  Williams & Goldman-Rakic, 1995;  

Braver & Cohen, 2000); and brain systems long thought to be involved in arousal are 

now thought to play an important role in regulating the balance between task-focused 
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versus exploratory behaviors (Aston-Jones and Cohen, 2005).  However, in some 

circumstances, emotional and cognitive processes may come into conflict, favoring 

different and incompatible behavioral responses. Situations of cognitive-emotional 

conflict are useful, as they provide an opportunity to dissociate and thereby distinguish 

the influence that the neural mechanisms underlying each type of process have on 

behavior.  These circumstances also provide a window into the mechanisms that are 

involved in detecting and resolving such conflict.  In the following three sections, we 

briefly review the results of three studies that have used functional neuroimaging to 

examine the neural mechanisms involved in decision-making under conditions in which 

emotional and cognitive processes are placed in conflict.  

 

A. Moral judgment: revulsion versus the greater good 

The proper bases for deciding the moral appropriateness of actions has long been a matter 

of debate. One common framework derives from Jeremy Bentham’s (1982) and John 

Stuart Mill’s ultitarianism.  On this view, actions should be taken that maximize overall 

utility, where “overall” is determined by the number of affected individuals.  So, if a 

situation requires doing harm to one individual in order to achieve a greater good for 

others, then the action should be deemed morally acceptable. This contrasts with 

alternative philosophies in which the rights of affected individuals are also considered, 

independent of the greater good that may come from their harm. For example, according 

to Immanuel Kant, it is morally unacceptable to use a person as a means to an end, even 

if that end brings a greater good. The difference between the utilitarian and Kantian 

formulations of morality, and how they relate to the moral judgments of ordinary 
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individuals, is illustrated by the Trolley Problem (Foot, 1978; Thomson, 1986; Greene et 

al., 2001). 

 

The Trolley Problem is exemplified by contrasting two scenarios. In the switch scenario, 

a trolley car is progressing on a track that will run over and kill five unsuspecting workers 

unless something is done. The only way to save the workers is to flip a switch that will 

divert the trolley onto a side track. However, on that track there is another, single 

unsuspecting workman who will be killed if the switch is flipped. The question is 

whether it is morally acceptable to flip the switch to save the five workers at the cost of 

the one.  In this case, utilitarianism, Kantian morality, and common intuition all agree. 

Diverting the train will preserve the most life (utilitarianism); the single worker on the 

side track is not being used as a means — the death is simply an incidental side-effect of 

saving the lives of others — and thus is acceptable according to Kantian morality; and an 

overwhelming majority of respondents in empirical investigations indicate that flipping 

the switch to divert the trolley is morally acceptable (Petrinovich et al., 1993; Greene et 

al., 2001). 

 

A second scenario, however, elicits greater conflict. In the footbridge scenario, a trolley 

is once again on a course that will results in the death of five unsuspecting workers.  In 

this case there is no switch; instead, you are standing on a footbridge over the tracks and 

there is another, large individual (assume it is another worker) who is standing near the 

edge of the bridge.  You can save the five workers by shoving the bystander off the 

footbridge, who will land in front of the trolley and stop it, but he will be killed in the 
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process.  Let us assume that this is the only way to save the five workers (e.g., you are 

too slight to jump in front of the trolley yourself), and that it is guaranteed to work. From 

the utilitarian perspective, the critical features of the situation are the same: Sacrificing 

one life will save five, and thus it is morally acceptable.  From the Kantian perspective, 

however, the situation is fundamentally different:  The bystander is being used as a 

means, which is morally unacceptable.  Most respondents agree with the judgment that it 

is morally unacceptable to push the bystander off the bridge to save the five workers 

(Petrinovich et al., 1993; Greene et al., 2001). 

 

One interpretation of these findings might be that Kantian moral philosophy provides a 

good account of common moral intuitions.  However, this does not appear to be correct. 

This is revealed by a third variant of the trolley problem.  As in the switch scenario, the 

trolley can be diverted onto a side track.  However, in this case, the side track loops back 

and rejoins the main track at a location before the five workers. Therefore, without the 

presence of a worker on the side track, the trolley will continue on and kill the five 

workers.  Thus, in this case a workman is required, as a means, to stop the train and save 

the five workers. While this does not change the utilitarian analysis, it does change the 

Kantian one.  How do people respond?  A majority indicate that, as in the original switch 

scenario, it is acceptable to flip the switch (Thomson, 1986; unpublished data 

forthcoming by Greene et al.).  This poses a fundamental dilemma:  Commonly held 

intuitions appear to follow utilitarian principles in some cases (e.g., the original and 

modified switch scenarios) but not in others (the footbridge scenario), and an appeal to 

other sorts of rational principles (e.g., Kantian morality) does not explain this behavior. 
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To address this conundrum, some philosophers and social theorists have suggested that 

moral judgments may reflect the operation of at least two different evaluative systems, 

one governed by deliberation and reasoning, and another governed by emotional 

responses (e.g., Greene and Haidt, 2002; Greene et al., 2004).  This may explain the 

differing intuitions that people report for the dilemmas above.  Ordinarily, people may 

abide by utilitarian principles of morality.  However, a strong emotional response may 

impact the decision-making process. This is particularly clear in cases such as the Jack 

Bauer dilemma described in the introduction to this chapter.  Interestingly, such effects 

are observed even when it is made explicitly clear that the question is about the morality 

of a particular act, not whether it would feel good or bad or whether they would or would 

not want to do it (Greene et al., 2001, 2004).  Furthermore, people typically do not report, 

and may not even be aware of the presumed emotional response (Wheatley and Haidt, 

2005).  Given these observations, the hypothesis that moral judgments engage, and can be 

influenced by emotional responses, demands independent empirical evidence. 

 

In one test of this hypothesis, Greene and colleagues (2001) devised two sets of moral 

dilemmas, and used fMRI to compare neural activity elicited in response to each.  One set 

(“impersonal”) were designed to be similar to the switch scenario of the trolley dilemma, 

in which the harm to an individual (required to achieve a greater good) was produced 

remotely or indirectly.  The other set of dilemmas (“personal”) involved situations similar 

to the footbridge scenario, in which the harm required to achieve a greater good involved 

more personal or direct contact with the victim.   In addition, subjects were asked to 
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consider a set of non-moral problems (e.g., requiring simple arithmetic calculations) that 

were matched to the moral dilemmas for reaction time. 

 

 

Figure 1. Neural basis of moral decision-making. In Greene et al. (2001), 
subjects were asked to make moral judgments to a series of personal (involving 
direct physical contact) and impersonal (requiring causally distant interaction) 
moral dilemmas. Two sets of brain areas are activated when subjects make these 
moral judgments. One set is composed of brain areas implicated in cognitive 
processing and is activated preferentially by impersonal problems. This set 
includes the DLPFC and angular gyrus. The other set of includes brain areas 
commonly implicated in social and emotional processes and includes the superior 
temporal sulcus, posterior cingulate cortex, and medial prefrontal cortex. Adapted 
from Greene et al., 2001. 

 

Two sets of brain areas were identified that were differentially activated in response to 

personal and impersonal dilemmas (Figure 1). Regions that were preferentially activated 

while subjects contemplated impersonal dilemmas included DLPFC and posterior parietal 

cortex, areas that have been consistently associated with cognitive processes, such as 

working memory and problem solving (Cohen et al., 1997;  Duncan et al., 2000;  Wager 

and Smith, 2003).  These same areas were activated in response to the non-moral 

problems. In contrast, when subjects considered personal moral dilemmas, activity was 

observed in a different set of areas, including medial prefrontal cortex and posterior 
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cingulate cortex.  These areas receive direct afferent input from limbic brain areas, and 

have been associated with emotions in numerous other studies (Maddock, 1999; Knutson 

et al., 2001; Phan et al., 2002; Britton et al., 2006). 

 

These results are consistent with the hypothesis that different types of moral judgments 

engage functionally distinct brain systems, one of which mediates the effects of 

deliberative processes and the other emotion responses.  One question that arises with 

regard to these findings is source of the negative emotional response:  Why should people 

feel worse about pushing a person off a bridge than flipping a switch that will lead to 

their death?  This question is beyond the scope of our current discussion.  Another 

question, that is more directly related to own considerations in this chapter, is whether 

these emotional responses directly influence moral judgment, or are simply correlated 

with the outcome of the judgment.  For example, having decided that it is not acceptable 

to push the person off the footbridge, perhaps one feels guilty or regretful about the 

consequences that this would have for the five workmen who would die.  Whereas it is 

difficult to establish causal relationships definitively without directly manipulating the 

systems involved, Green and colleagues addressed this question in two ways.    

 

First, they reasoned that if emotional processing had an influence on moral decision-

making, then it should slow responses for cases in which the emotional process favored a 

decision that was incongruent with the one made by the subject.  For example, reaction 

time should be slower when a subject decides that it is acceptable to push the person off 

the bridge than when they make the emotionally congruent decision that it is not, or when 
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emotions are not presumed to be involved.  This is exactly what was observed (Greene et 

al., 2001).  These findings parallel those from a large number of cognitive tasks, such as 

the Stroop task (Stroop 1935; MacLeod, 1991), Simon task (Simon, 1969), and Eriksen 

flanker task (Eriksen & Eriksen, 1974), in which reaction times are slower when subjects 

must make a response (e.g., name the color in which a word is displayed) against 

interference from a competing, prepotent, and automatic process (e.g., reading the word 

itself).  In this case, the emotional response is that prepotent, automatic process. 

 

Greene at al. also sought more direct evidence for the competition between emotional and 

cognitive processes.  Toward this end, they focused on cases in which there was less 

consensus regarding the morality of an action, and therefore where there was likely to be 

more competition, and conflict.  For example, in one dilemma subjects had to decide 

whether it was morally acceptable to smother an infant in order to spare an entire village 

from genocide (Greene et al., 2004).  In this case, and other similar ones, about half of 

subjects say it is acceptable and half reject this. Such dilemmas elicited activity in both 

the emotional and cognitive brain areas identified in the previous study.  Interestingly, the 

relative degree of activity in these areas prior to the response was strongly and 

significantly correlated with the outcome of the decision, with greater activity in 

cognitive areas when subjects proceeded to make a utilitarian decision, and less when 

they made a decision consistent with the emotional response.  Moreover, such decisions 

were associated with activity in the ACC, a finding that is consistent with the hypothesis 

that the ACC is responsive to conflict between competing processes — in this case, the 
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cognitive processes favoring a utilitarian decision and the emotional response to the 

prospect of doing harm. We will return to this finding later in the chapter. 

 

B. The ultimatum game: Anger versus monetary gain 

Competition between emotional and cognitive processes has also been proposed to 

explain behaviors that seem to deviate from the dictum of economic rationality.  The 

ultimatum game provides a classic example of this (Thaler, 1988).  In this game, two 

people are provided with an endowment, which is usually a sum of money. The first 

person, called the proposer, must make an offer which the second person, the responder, 

may either accept of reject. If the offer is accepted, then they split the money as proposed.  

However, if the offer is rejected, then the money is withdrawn and neither player earns 

anything. 

 

According to standard economic doctrine, earning any amount of money should be 

preferred to earning nothing, and so rational behavior for the proposer and responder is 

clear. The proposer should offer the smallest amount possible, anticipating that the 

responder will accept this rather than earn nothing.  The responder, in turn, should accept 

any offer greater than zero.  However, this is not how most people behave (Güth et al., 

1982; Thaler, 1988).  Rather, the most common offer is between 30% and 40% of the 

total.  Furthermore, offers of less than 20% are routinely rejected, even when this means 

rejecting a considerable sum of money (e.g., as much as a month’s pay; Hoffman et al., 

1995). 
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One explanation for this behavior may be that subjects are sensitive to establishing a 

bargaining position, or maintaining their reputation (Nowak et al., 2000). If a responder is 

known to have accepted a small offer, then this knowledge may prove disadvantageous in 

future interactions.  However, similar behaviors are observed even when the participants 

know that the game will be played anonymously and only a single time (Güth et al., 

1982; Kahneman et al., 1986; Sanfey et al., 2003).  An alternative explanation is that in 

the ultimatum game, as in the moral dilemmas discussed above, behavior is guided by 

emotional as well as cognitive processes that come into conflict in this setting.  

Specifically, it may be that responders have a negative emotional reaction to offers they 

perceive to be unfair, causing them to reject the offer.  The reason for this emotion is, 

once again, beyond the scope of our discussion (for a consideration of this question see 

Rabin, 1993; Wright, 1994; Fehr and Schmidt, 1999).  What is relevant is whether 

rejection of remunerative, but unfair, offers is in the result of an emotional response. 

 

Sanfey et al. (2003) investigated this question, using fMRI to examine the brain activity 

of responders as they considered offers in the ultimatum game.  Half of the offers were 

presented as coming from a person that the subject had met prior to the experiment.  Each 

of these was with a different partner, and subjects knew that their responses would be 

kept confidential.  The other ten offers were presented as having been produced by a 

computer program.  In both cases, offers were fixed so that half were fair (50:50 and 

70:30 splits) and the other half were unfair (80:20 and 90:10). As in earlier studies, 

subjects accepted nearly all of the fair offers, but rejected a significant number of unfair 

offers.  The rejection rate was significantly higher when subjects believed that the offer 
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came from another person than a computer program.  This is consistent with the 

observation that subjects often report being angered by unfair offers (Camerer and 

Thaler, 1995), something that might be expected with greater frequency or intensity when 

an interaction involves another person rather than a computer. 

 

 

Figure 2. The ultimatum game. Responses to unfair offers in the ultimatum 
game are predicted by the relative activity in cognitive (DLPFC) and emotional 
(insula) brain areas. If activity in the insula predominates, then subjects tend to 
reject the offer; offers tend to be accepted when activity is greater in the DLPFC. 

 

Supporting the hypothesis that anger may have contributed to the rejection of unfair 

offers, Sanfey et al. (2003) found that unfair offers elicited activity in the insula, a limbic 

brain region tied to negative emotions (Calder et al., 2001), particularly anger and disgust 

(Phillips et al., 1997; Shapira et al., 2003; Britton et al., 2006).  Interestingly, unfair 

offers were also associated with activity in DLPFC.  Furthermore, as in the case of moral 

judgment, behavioral outcome was closely related to the relative balance in activity in 

DLPFC and emotion-related areas (in this case, anterior insula).  When activity in the 

insula was greater than in DLPFC, responders rejected the unfair offer significantly more 

frequently than when activity in DLPFC was greater.  Finally, unfair offers were also 
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associated with increased activity in the ACC thought to reflect, once again, the conflict 

between competing cognitive and emotional processes. 

 

C. Intertemporal choice:  Impulsivity versus patience 

Our third example relates to intertemporal decisions, in which a choice must be made 

between one outcome that is available sooner, but is worth less, than a later outcome.  In 

such cases, it must be determined whether the additional amount to be gained is worth the 

wait.  Such choices pervade our lives, from daily decisions to ones that can have life-long 

consequences.  Dieting is a choice between the desire to eat now and the desire to 

maintain long-term health.  In retirement planning, we must decide how much of our 

current income to spend for immediate enjoyment and how much to save (Laibson, 

1997).  Even procrastination can be framed in these terms.  Changes in intertemporal 

choice behavior (e.g., the ability to defer gratification) are a fundamental dimension of 

development (e.g. Mischel et al., 1989), and disturbances in this capacity are thought to 

be a central feature of a number of clinical conditions, including attention deficit disorder 

(e.g. Luman et al., 2005) and drug addiction (Bickel and Johnson, 2003). 

 

From a rational point of view, the optimal way to make intertemporal choices requires 

discounting the value of the two outcomes based on their delay, and choosing the greater 

of the two discounted values.  Preferences should also be consistent across time. If I 

prefer outcome A over an outcome B to occur some fixed amount of time after A (say a 

week), then I should always prefer A to B, whether A occurs today (and B in a week) or 

A will occur in a year (and B in a year and a week). Mathematically, the only discount 
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function that insures such consistency of preference is one that declines exponentially 

with delay (Samuelson, 1937; Koopmans, 1960; Frederick et al., 2003). However, people 

do not demonstrate such consistency. In a classic example, when deciding between one 

apple available in a year and two apples available in a year and a day, people generally 

prefer the latter. However, when the choice is between one apple available today and two 

apples available tomorrow, people generally prefer the former (Thaler, 1981). Such 

preference reversals indicate that humans (and other animals) discount more steeply over 

the near term than over the longer term.  That is, people respond impulsively to goods 

that are immediately available. 

 

This impulsivity has been described in terms of a hyperbolic discount function, which 

mathematically expresses the observation that discount rate declines with time. However, 

this framework does little to explain the broad range of discount rates that people exhibit 

for different goods and under different circumstances.  People are far less impulsive for 

writing paper than for money or food, they discount large rewards less steeply than 

smaller ones, and they discount more steeply when they are in need or are aroused 

(Thaler, 1981; Giordano et al., 2002).  While people appear to exhibit hyperbolic 

discounting under all of these conditions, the specifics of the discount function vary 

substantially by circumstance. 

 

An alternative approach has viewed discounting behavior as the engagement of separate 

evaluative systems, each of which uses a different discount function.  The combined 

effect of multiple different discount functions can produce hyperbolic-like behavior. The 
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simplest version of this account suggests that there are two types of discounting systems:  

one that values only goods that are immediately available, and another system that 

discounts more modestly over time (Laibson, 1997).  This corresponds closely to a 

broader distinction that has been made between visceral (emotional) and deliberative 

(cognitive) evaluative systems involved in a wide range of economic behaviors, with the 

emotional system exhibiting steep discounting and the deliberative one placing greater 

value on future rewards (Loewenstein, 1996).  This suggests why people are impulsive 

for certain goods and not others (such as writing paper), for which there is no associated 

visceral drive. Further, it may explain why large magnitude rewards are discounted less, 

since these may surpass immediate visceral needs, and thus come to be evaluated 

proportionately more by cognitive processes that discount more judiciously for time. 

 

 

Figure 3. Cognitive and emotional systems in intertemporal choice. When 
people choose between different monetary payments available at different time 
delays, they tend accept a larger reduction in value in order to obtain payment 
immediately. (A) In the brain, deciding in any intertemporal choice leads to 
increased activity in the lateral prefrontal cortex (lateral orbitofrontal and DLPFC) 
as well as in the posterior parietal cortex. (B) In addition, choices that involve 
immediate reward are associated with enhanced activity in several brain areas tied 
to reward and emotion including the ventral striatum (VStr), the orbitofrontal 
cortex (OFC) posterior cingulate cortex (PCC), and the medial prefrontal cortex 
(MPFC). For choices involving an immediate and a delayed reward, the relative 
activity in the emotional (A) and cognitive (B) systems correlates with subjects’ 
choices. Adapted from McClure et al., 2004a. 

 



 22 

This two-process theory of discounting behavior has a natural interpretation in terms of 

neurobiological mechanisms, paralleling those identified in the moral reasoning and 

ultimatum game studies.  That is, the steeply discounting visceral system may reflect the 

operation of primitive, evolutionarily conserved limbic mechanisms, while the appraisals 

of the more providential cognitive system may reflect the operation of higher level 

cortical mechanisms involving prefrontal cortex and associated structures.  This has 

recently been tested in a series of fMRI experiments in which subjects chose between 

payoffs of different values that were available at different points in time. 

 

In one study by McClure and colleagues (2004), subjects made choices between two gift 

certificates with different monetary values, available either the day of the experiment or 

after a two, four, or six week delay. According to the two-process theory of intertemporal 

choice, the emotional system should be preferentially engaged by rewards that are 

available immediately.  As predicted, limbic and paralimbic brains areas showed greater 

activity during choices that involved the opportunity for monetary rewards the day of the 

experiment as contrasted with choices that involved only delayed rewards (Figure 3A).  

These areas included limbic structures such as the ventral striatum and medial 

orbitofrontal cortex.  These areas are rich in projections from the midbrain dopamine 

system, have been directly tied to reward processing (e.g., Delgado et al., 2001; McClure 

et al., 2003; O’Doherty et al., 2003), and have been shown to scale with reward value and 

subjective feelings of happiness (Knutson et al., 2001).  In addition, activity was 

observed in regions of ventromedial prefrontal cortex and posterior cingulate cortex, 
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which were tied with emotional processing in the experiments involving moral judgment 

and the ultimatum game. 

 

In contrast to the emotional system, the two system model predicts that the cognitive 

system should be equally engaged by all decisions, evaluating and comparing the worth 

of the two options presented by each choice.  As predicted, typically “cognitive” brain 

areas were found to be activated for all choices (Figure 3B), including regions of the 

DLPFC and posterior parietal cortex.  These regions also showed greater activity for 

difficult than easy choices; that is, activity greatest for choices involving options that 

were closest in value).  We will return to this observation further on. 

 

Finally, paralleling findings from the moral judgment and ultimatum game experiments, 

the balance of activity observed in the cognitive and emotional systems was closely 

associated with behavioral outcome.  For choices that engaged both systems — that is, 

ones involving an opportunity for immediate reward — increased activity in DLPFC and 

parietal cortex correlated significantly with more frequent selection of the later reward. 

These findings are consistent with the view that behavioral choice was determined by a 

competition between these systems. And, once again, this competition was associated 

with increased ACC activity (Figure 6). 

 

IV. Conflict monitoring and cognitive control 

The studies reviewed above have provided behavioral and neuroimaging evidence 

suggesting that a variety of decisions are governed by a competition between cognitive 
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and emotional processes. These findings raise important questions about how such 

competition is regulated, and how the outcome of such decisions is determined.   One 

simple possibility is that the strongest process wins.  If this were the case, then we might 

expect that whenever emotional processes were engaged, they would prevail.  After all, 

we have characterized emotions as representing fast, prepotent automatic processes that 

are associated with strong behavioral responses.  However, in the examples we have 

reviewed, decisions often reflected outcomes favored by more abstract, 

deliberative processes, even when these faced stiff competition from strong emotional 

responses.  How might this come about? 

 

There have been relatively few theories that have attempted to specify, in 

computationally explicit form, the neural mechanisms involved in regulating the 

competition between cognitive and emotional processes.  However, there has been 

considerable work addressing the mechanisms involved in detecting and regulating 

competition among processes within the cognitive domain.  At the very least, this work 

may be useful as a reference for considering the regulation of competition between 

cognitive and emotional processes.  It is even possible that, given many close parallels to 

the interactions observed in the examples above, that very similar mechanisms may be 

involved when competition involves emotional as well as cognitive processes.  With this 

in mind, we review recent work addressing the mechanisms by which competition is 

detected and resolved within the cognitive domain.  We then return to the question of 

whether these mechanisms may generalize to situations involving competition from 

emotional processes. 
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A. An example of cognitive control: the Stroop task 

Perhaps the best studied example of competition between cognitive processes is the 

Stroop task (Stroop, 1935; see MacLeod, 1991 for a modern review of experimental 

findings).  In this task, subjects are presented with a visual display of a word, and asked 

either to read the word, or to name the color in which it is displayed. Stroop (1935) 

demonstrated that when subjects are required to read the word (e.g., say “red” to the word 

red displayed in green), neither speed nor accuracy is affected by the color in which it is 

displayed.  However, when the task is to name the color, response times are substantially 

slower (e.g., say “green” in the example above) if the word itself and the color in which it 

is displayed disagree (i.e. are incongruent, as in the example), than if they agree (e.g., the 

word red is displayed in red).  This has been explained in terms of the greater strength, 

and corresponding automaticity of the word reading process relative to the color naming 

one (Posner and Snyder, 1975;  Kahneman and Treisman, 1984;  MacLeod and Dunbar, 

1988;  Cohen et al., 1990). 

 

Neural network (also known as connectionist or parallel distributed processing) models 

have been helpful in characterizing and understanding the dynamics of the competition 

between cognitive processes, and how these relate to behavior (e.g., Cohen et al., 1992).  

This approach has been used to study the competition between word reading and color 

naming in the Stroop task (Cohen et al., 1990; Cohen and Huston, 1994; O’Reilly and 

Munakata, 2000).   These models assume the existence of two pathways (Figure 6A), one 

for “mapping” the orthographic form of a visual stimulus onto its corresponding verbal 
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representation (the word reading pathway), and another for mapping the color of stimuli 

onto the same set of verbal representations (the color naming pathway).  Connections 

between mutually incompatible units are assumed to be inhibitory, capturing the fact that 

it is not advisable (and usually not possible) to respond in two opposing ways at the same 

time. This provides a mechanism for decision-making and, as we shall see, for 

competition when conflicting inputs are provided to the two pathways. 

 

 

Figure 4. Response conflict and the Stroop task. In the Stroop task, words are 
presented to subjects written in different colored inks. Subjects are required state 
the color that the word is written in as quickly and accurately as possible. When 
the word is different from its color (i.e. the word “GREEN” written in red ink), 
interference between the two implied responses increases response time and error 
rate. This figure shows a model developed to capture this notion of response 
conflict and to adaptively adjust cognitive control to improve performance. The 
input layer reflects sensory input in the form of the ink color (color stimuli, either 
red, R, or green, G) and word meaning (word stimuli). These two inputs then bias 
responding, with greater strength given to word meaning to reflect the greater 
automaticity of this process. Cognitive control, derived from PFC activity, aids to 
improve performance by selectively biasing sensory inputs based on whether the 
task is to do color-naming (C) or word-reading (W). Control is gated by the 
detection of response conflict in the ACC. 
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In models of the Stroop task, connection weights are stronger in the word reading 

pathway.  This reflects the assumption that adult subjects have had considerable more 

experience reading words than naming colors out loud. In addition, printed words are 

more consistently associated with their verbal representations than are colors (for 

example, the color red is associated not only with the word red, but also fire, 

embarrassment, stopping at a light, and communism). The stronger connections in the 

word reading pathway explain the greater automaticity of this process relative to color 

naming, and the corresponding behavioral effects that are observed.  For example, when a 

conflicting stimulus is presented to the model (e.g., the red input unit is activated in the 

word pathway, and the green input unit is activated in the color pathway), activity flows 

more quickly and strongly along the word reading pathway, dominating the competition 

that arises among the response units to the differing inputs, and producing the response 

corresponding to the word input (in this case, “red”).  This captures the fact that, when 

presented with a word and asked simply to respond, subjects will almost invariably read 

the word and not announce the color in which it is displayed. 

  

This raises a question very similar to the one we raised above about the competition 

between emotional and emotional processes:  Given that word reading is the stronger 

process, how can subjects ever respond by naming the color of an incongruent stimulus?  

In the Stroop model, this is made possible by an additional set of units that represent the 

two different tasks demands (color naming and word reading).  More precisely, we can 

think of these of these as representing knowledge that subjects have about the two 

dimensions of the stimulus, and the mapping of features in each of these dimensions onto 
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verbal responses.  By activating the appropriate task demand unit, top down flow of 

activity sensitizes associative (“hidden”) units in the corresponding pathway, favoring the 

flow of activity along that pathway.  This top down support allows information in the 

color naming pathway to compete more effectively with information arriving from the 

otherwise stronger word reading pathway, and thereby produce a response that is 

consistent with the color rather than the word.  In the case of word reading, this top down 

support is not as essential (since it is already the stronger pathway), capturing the 

observation that automatic processes depend less on attention. 

 

This model has been used to provide a conceptually unified view of the effects of 

attention, behavioral inhibition, and cognitive (“top down”) control, in terms of a single 

set of underlying mechanisms.  Note that in this model, there are no mechanisms 

explicitly dedicated to “inhibiting” or “regulating” the competing process that is 

interfering with task performance.  Rather, behavioral regulation is achieved through 

augmentation of processing in the task-relevant pathway, allowing it to compete more 

effectively with the offending source of interference.  This is consonant with an emerging 

literature on the neural mechanisms underlying attention, which suggest that these 

operate by biasing the competition between conflicting representations (e.g., Desimone 

and Duncan, 1995; Maunsell and Cook, 2002; Kastner and Pinsk, 2004).  This 

perspective also provides the foundation for the guided activation theory of cognitive 

control (Miller & Cohen, 2001).  This posits that prefrontal representations exert control 

over behavior by biasing processing mechanisms in posterior pathways responsible for 
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task execution, so as to guide the flow of activity along those pathways that support task-

relevant behavior.  

 

B. Conflict monitoring and the regulation of control 

The Stroop model described above, and related ones, have been used successfully to 

describe a wide range of behavioral effects in tasks probing attention, inhibition, working 

memory and cognitive control (e.g., Mozer, 1988; Deheane & Changeux, 1989; Cohen et 

al. 1992; Cohen et al., 1994; Braver et al., 1996).  Recent work, building upon these 

models, has begun to address more sophisticated questions, such as the nature of the 

representations in the prefrontal cortex that allow it to support such a broad and flexible 

range of behaviors, how these are learned, and how they are adaptively updated to ensure 

that goals are appropriately matched to the current environment (Braver and Cohen, 

2000; Frank et al., 2001; Rougier et al., 2005).  Most of this work is beyond the scope of 

the present chapter.  However, one question that is relevant here is how people 

dynamically change the level of control they exert in response to different task demands. 

It is known, for example, that when a high proportion of stimuli are incongruent, people 

demonstrate smaller interference effects than when incongruent stimuli are rare (Logan 

and Zbrodoff, 1979; Tzelgov et al., 1992; Lindsay and Jacoby, 1994).  Corresponding 

effects are also observed on a trial-to-trial basis: Responses to incongruent stimuli are 

faster and more accurate if the preceding stimulus was incongruent than if it was 

congruent, as though the level of control is dynamically adjusted to meet estimates of the 

ongoing demand (Gratton et al., 1992). 
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These adjustment effects can be explained by introducing an additional mechanism that 

responds to conflict in processing, and uses this information to adaptively modulate the 

engagement of control mechanisms (e.g., the activity of the task demand units in the 

Stroop model; Botvinick et al., 2001).  Conflict is defined as the product of the activity of 

competing processing units.  For example, in the Stroop model a congruent stimulus (e.g., 

the word red displayed in red) will produce strong activation of one response unit (the red 

one) and no activity in the other.  The product of activity of the two response units will 

therefore be zero, indicating the absence of conflict.  In contrast, competing information 

from the two pathways will activate both response units and the product of their activity 

will be positive, indicating the presence of conflict. Conflict can be reduced by 

augmenting activity of the unit(s) providing top down control (e.g., the color naming 

unit).  This will increase activity of the task-relevant response unit, allowing it to 

suppress activity in the other unit, thus reducing conflict.  Simulations using the Stroop 

model, as well as models of a number of other tasks, have shown that using a conflict 

monitoring mechanism to modulate the engagement of control mechanisms accurately 

captures the dynamic adjustments in control that have been observed in these tasks 

(Botvinick et al., 2001). 

  

A large number of studies have suggested that a dorsal region of the ACC is responsive to 

processing conflict (e.g., Carter et al., 1998;  Botvinck et al., 1999;  Barch et al., 2000, 

2001;  Ullsperger and von Cramon, 2006).   Models of conflict monitoring have also been 

used to account for scalp-recorded event-related potentials (ERPs) associated with 

stimulus degradation (N2) and performance errors (the error-related negativity, ERN), 
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both of which are thought to emanate from the ACC (Botvinick, 2001; Yeung et al., 

2004).   Furthermore, recent evidence has begun to suggest that conflict-related ACC 

activity on one trial correlates with increased activity in DLPFC and improved task 

performance on the subsequent trial (Kerns et al., 2004).  This is consistent with the 

hypothesis that conflict monitoring mechanisms signal the need to recruit PFC-mediated 

control mechanisms. 

 

V. Resolution of conflict between emotional and cognitive processes 

The mechanisms described above, and the empirical support for them, all pertain  

to circumstances in which different cognitive processes compete with each other. In the 

first part of this chapter, we described three examples of decision-making in which a 

strong emotional response was placed in competition with the outcome of a cognitive 

process.  In many instances, the cognitive process prevailed.  In these situations, we 

observed greater activity within dorsal regions of the ACC routinely associated with 

conflict monitoring, as well as structures consistently associated with the execution of 

cognitive control, such as the DLPFC.  This suggests the possibility that the same 

mechanisms involved in monitoring and resolving conflict among cognitive processes are 

also involved in detecting and regulating competition between cognitive and emotional 

processes.  This conjecture raises several interesting, and potentially important questions. 

 

The first question concerns the specific functions of DLPFC.  Within the context of moral 

and economic decision-making, we interpreted DLPFC activity as reflecting an 

evaluative function; that is, one determined by the value of the utilitarian course of action 
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or the monetary reward.   In the context of cognitive control, however, the DLPFC is 

believed to represent information about the demands of the current task so as to guide 

processing in the service of executing that task.  One possibility is that these seemingly 

different functions may in fact reflect the operation of the same underlying mechanisms.  

For example, actively representing the value of saving five lives may serve to bias 

decision-making in favor of that outcome, exerting control over processing in much the 

same way that activity of the task demand units serves to control processing in the Stroop 

task. This account has the appeal of parsimony. However, it is not clear that it can fully 

explain cognitive processing in tasks such as intertemporal choice that involve additional 

operations, such as calculating the discounted value of each option.  In such cases, there 

may be a meaningful distinction between the neural mechanisms required to cognitively 

evaluate an outcome, and those responsible for insuring that it exerts control over 

behavior.  Even in the case of moral reasoning, neuroimaging evidence suggests that 

overlapping, but distinguishable regions of prefrontal cortex may be involved in 

evaluation and control (Greene et al., 2004).  Thus, the question of whether the same or 

different mechanisms are involved in evaluation and control remains an open one. 

 

A related question is whether the same areas of prefrontal cortex are engaged in control 

over cognitive and emotional processes.  Several of the findings reviewed in this chapter 

suggest that at least some common mechanisms are involved.  In particular, activity in 

similar regions of DLPFC has been observed in variety of tasks that demand cognitive 

control, including the moral and decision-making tasks reviewed here that engage 

emotional processes.  At the same time, the study of intertemporal choice revealed a more 
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inferior region of activity, in lateral orbitofrontal cortex, that was associated with the 

more future-oriented, cognitive mechanism.  One possibility is that this reflected an 

evaluative rather than a control function, as discussed above.  However, an alternative is 

that different parts of prefrontal cortex may represent information needed to control 

different types of processing and behavior, with dorsal regions responsible for the support 

of more cognitive processes, and ventral regions associated with the support and control 

of social processes that often compete with emotional and appetitive processes (Miller 

and Cohen, 2001; Beer et al., 2004). 

 

This would also explain a common interpretation of ventral regions of PFC in terms of 

inhibitory function, an interpretation that finds its roots in observations of the behavioral 

changes associated with damage to this area of the brain (e.g. Kringelbach and Rolls, 

2004).  Such patients often exhibit apparent “disinhibition” of emotional and appetitive 

responses, exhibiting behaviors that are socially inappropriate, and suggesting that these 

behaviors are usually under the tonic inhibitory control of ventral prefrontal cortex.   

However, an alternative view, consistent with theories regarding the function of DLPFC 

in the cognitive domain, is that ventral prefrontal areas support socially appropriate 

behaviors against competition from more prepotent emotional and appetitive responses. 

This interaction would function the same way that regions of DLPFC appear to support 

task appropriate cognitive processes (such as color naming) against competition from 

otherwise stronger, prepotent processes (such as word reading).   Without such top-down 

support, a patient will exhibit a socially inappropriate emotional response in just the same 
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way that a patient with damage to more dorsal areas may read the word even intending to 

name the color of a Stroop stimulus. 

 

Finally, similar questions can be asked about the ACC:  Are the same areas of ACC 

involved in monitoring conflict associated with emotional processes as cognitive ones?  

There is scant evidence on this question.  The studies reviewed in this chapter, all 

involving conflict between emotional and cognitive processes, elicited activity in a region 

of dorsal ACC very similar to the one observed when there is conflict between strictly 

cognitive processes.  For example, Greene et al. (2004) showed that when personal moral 

judgments are separated into easy and difficult categories on the basis of decision time, 

greater ACC activity is found for difficult choices (Figure 5).   In the ultimatum game, 

greater ACC activity is found for unfair offers when the cognitive motivation to make 

money interferes with the emotional motivation to enforce fairness (Sanfey et al., 2004). 

Activity in the same region of the ACC was found in intertemporal choice as well, and 

was observed to scale with choice difficulty (Figure 6). This result was found when 

difficulty was assessed on the basis of response time (as in moral judgment; Figure 6), or 

whether difficulty was assessed on the basis of the difference in value between the two 

money amount being decided on (as in McClure et al., 2004a; not shown). 

 

These findings suggest that similar regions of the ACC are engaged by processing 

conflict, whether it arises among cognitive processes or between cognitive and emotional 

processes.  It remains to be determined whether ACC activity in response to conflict 

involving emotional processes serves to recruit mechanisms of cognitive control.  If so, 
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are these the same mechanisms, and are they recruited in the same manner as those 

recruited by conflict between cognitive processes?  This would lead to the intriguing 

prediction that, in a manner paralleling performance in cognitive studies, increasing the 

frequency of difficult choices should augment cognitive control and increase the number 

of cognitively-driven responses over emotional ones.  Similarly, there should be a greater 

tendency to produce cognitively-driven responses following a difficult versus an easy 

decision.   These questions remain to be addressed in further empirical work. 

 

 

Figure 5. Conflict between emotional and cognitive brain systems. (A) 
Difficult and easy moral decisions were determined based on response time (RT). 
(B) As in the Stroop task, as moral choices become more difficult, indicating 
greater conflict in competing responses, increased ACC activity is evident. 
Greater observed ACC activity and linked increase in DLPFC response predict a 
greater probability of utilitarian responses. Adapted from Greene et al., 2004. 

 

Finally, it is important to emphasize that our focus on the conflict monitoring function of 

ACC is not meant to suggest that this is the only, or even the primary, function of the 

ACC.  We have been interested in this function in part because it is provides a neural 

substrate for a postulated cognitive mechanism that is otherwise difficult to measure.  At 

the same time, we believe that this may be just on function of the ACC which may be 

more generally involved in signaling adverse outcomes of performance that demand 
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corrective action.  This would account for the variety of other stimuli that elicit ACC 

responses, including overt negative feedback (such as monetary losses) as well as 

physical and even social pain (Gerhing & Willoughby, 2002;  Miltner et al., 1997;  

Holroyd et al., 2004;  Devinsky et al., 1995;  Wager et al., 2004;  Eisenberger, and 

Lieberman, 2004).  Finally, it is tempting to speculate that, just as the subjective 

emotional experience of pain may reflect the ACC response to physical injury (Rainville, 

2002), so the experience of anxiety may reflect the phenomenological correlate of the 

ACC response to conflict.  This possibility may have significance not only for social 

neuroscience studies of the mechanisms underlying emotional regulation, but perhaps 

eventually the diagnosis and even treatment of clinical disorders involving anxiety, such 

as phobias, depression, and panic. 

 

 

Figure 6. Response conflict in intertemporal choice. (A) Response time in 
intertemporal choice correlates with activity in the ACC. (B) When choices are 
separated into three equally sized sub-samples on the basis of response time, 
activity in the ACC (centered on the time of response) is seen to scale with 
increased deliberation time. 

 

VI. Conclusions 

We have reviewed three types of decision-making in which cognitive and emotional 

influences have discernable influences on behavior. In moral decisions, judgments about  
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fairness in social exchange, and intertemporal choices, findings suggest that emotional 

and cognitive processes are correlated with activity in distinguishable brain regions.  

Furthermore, the relative activity in cognitive and emotional brain systems seems to 

anticipate behavioral outcome, with greater activity in DLPFC and associated structures 

closely linked to cognitive outcomes, and limbic structures associated with emotional or 

appetitive outcomes.  Finally, when these systems favor conflicting responses, activity is 

observed in the dorsal ACC, a region that is also consistently associated with conflict 

among cognitive processes.  This suggests that similar neural mechanisms, involving 

DLPFC and ACC, are involved in detecting and regulating competition between 

cognitive and emotional processes as when such competition arises strictly between 

cognitive ones.  Despite the simplicity, and attendant appeal of this hypothesis, it raises 

many questions that remain to be addressed in future research. 
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