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It is one of the mysteries of human nature that inhibiting a behavior (e.g., not reaching 
for another piece of cake) can be experienced as more effortful than performing the 

action that otherwise would be inhibited. The deceptive ease with which people manage 
to avoid indulging every craving, voicing every thought, or giving in to the vicissitudes of 
every emotion belies the sheer amount of effort that must be expended to stay in control. 
Should people’s ability to regulate themselves become compromised, the damage to their 
social lives would be devastating. Even behaviors as trivial as not looking at a mole on 
an employer’s face would become impossible to resist. Although, at first blush, it might 
seem unfathomable that people could suddenly be robbed of their self- control, the reality 
is that with certain brain injuries anyone can suffer from the deficits in self- regulation 
just described.

Although the importance of the brain in enabling self- regulation has long been of 
interest to neuroscientists and neuropsychologist, many of the other disciplines that study 
self- regulation (e.g., developmental psychology, educational psychology, social psychol-
ogy) have long remained agnostic regarding the underlying neural mechanisms that allow 
self- regulation to occur. In contrast to these disciplines, neuroscientists have long studied 
the brain mechanisms that underlie elementary forms of motor and cognitive control, 
generally under the rubric of “executive function.” However, this line of research seldom 
explored how these faculties play out in the sorts of situations that have traditionally 
been under the purview of social and health psychologists (e.g., desires, prejudice, mood). 
It is not immediately clear why it took so long for self- regulation researchers to seek 
out neural mechanisms, as neurologists and neuropsychologists have long recognized the 
importance of the brain, particularly the frontal lobes, in the organization and regula-
tion of behavior (e.g., Kleist, 1934). Reports of extraordinary cases of dysregulated social 
behavior following brain injury go back as far as the 19th century (Welt, 1888), and 
many early neuropsychologists put the prefrontal cortex at the center of their theories of 
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self- control (Fuster, 1980; Jarvie, 1954). Although neuropsychologists have made great 
strides in understanding the relationship between brain and behavior, it is often the case 
that these theories are blind to the social contexts in which most of our thoughts and 
actions are embedded. It is only recently have researchers begun to apply modern cogni-
tive neuroscience methods to the problem of how the brain enables self- regulation, as well 
as what happens in the brain when self- regulation fails.

In this chapter we present a brief overview of the functional neuroanatomy involved 
in self-r egulation in social and emotional domains, focusing on 
neuropsychological research that elegantly demonstrates the dramatic failures of self-
regulation that can result from damage to specific brain regions. Following this, we 
turn to studies of the neural substrates of self- regulation and self- regulation failure 
across three domains: moods and emotions, thoughts and prejudices, and appetitive 
behaviors (e.g., desires and temptations). Finally, we review recent neuroscience-based 
models of self- regulation failure.

neuropsycholoGical insiGhts into the Functional 
orGanization oF selF‑reGulation

When it comes to the neural substrates of self- regulation, no region has been more con-
sistently implicated than the prefrontal cortex (PFC). The PFC supports a host of men-
tal operations that fall under the rubric of executive function (e.g., working memory, 
response inhibition, attentional selection, decision making, planning), enabling organ-
isms to adaptively adjust their behavior to external demands and internal goals (Miller & 
Cohen, 2001). The most widely accepted definition of PFC is that it is the portion of the 
frontal lobe that lies anterior to primary and secondary motor cortex. The PFC, unlike 
other regions of the brain, is unique in that it shares connections with a wide range of 
systems involved in generating and modulating behavior (e.g., motor and sensory sys-
tems, subcortical regions involved in emotion and reward, and medial temporal regions 
involved in learning and memory).

Evidence that the PFC plays a critical role in organizing and controlling behavior 
stretches back as far as the mid-19th century (although less systematic accounts can be 
traced back to the 14th century; e.g., Lanfranchi, 1315). Early case reports of patients 
with damage to the PFC revealed deficits so bizarre that many doubted their veracity. For 
example, the famous case of Phineas Gage was initially dismissed as a “Yankee inven-
tion” by a noted English surgeon of the time. Early case studies focused on the striking 
personality changes exhibited by these patients, with many examples of formerly pleas-
ant people becoming profane, egoistic, and insensitive to social norms following damage 
to the PFC. Reflecting the general tone of these patients’ behavior, one early observer 
termed this constellation of symptoms Witzelsucht, which roughly means facetious-
ness and refers to a patient’s tendency to make inappropriate jokes (Oppenheim, 1890). 
Another type of symptom commonly observed after damage to the PFC was a dramatic 
loss of motivational drive. These patients had great difficulty with spontaneously gen-
erating behaviors and lacked initiative to such a degree that they often failed to wash 
or dress themselves. Early theorists of prefrontal function assumed these two distinct 
types of self- regulation failure were manifestations of the same underlying “prefrontal 
syndrome,” but as diagnostic techniques improved and the number of patient studies 
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increased, it became clear that the different neuropsychological deficits observed in these 
patients had their origin in damage to distinct regions of the PFC.

While there remains debate concerning the precise anatomical boundaries of the 
PFC and its subregions, researchers are largely in agreement on three principal subdivi-
sion of the PFC: the ventromedial PFC (VMPFC), the lateral PFC (LPFC; dorsal and ven-
tral convexities), and the anterior cingulate cortex (ACC). Knowledge of the underlying 
pattern of anatomical connectivity between regions of the PFC is essential to understand-
ing how these regions come together to make self- regulation possible. We turn now to an 
overview of the neuroanatomy and psychological changes wrought by damage to each of 
these three regions.

Ventromedial Prefrontal Cortex

The VMPFC consists primarily of the inferior aspect of the medial PFC and the orbito-
frontal cortex, both of which are cytoarchitecturally similar structures (Ongur & Price, 
2000). Patients with damage to the VMPFC have difficulty regulating social, affective, 
and appetitive behaviors. This is borne out by the connectivity pattern in the VMPFC, 
which is highly interconnected with subcortical limbic areas, such as the amygdala 
(Carmichael & Price, 1995). In addition, the VMPFC shares connections with reward- 
processing regions in the ventral striatum (Haber, Kunishio, Mizobuchi, & Lynd-Balta, 
1995), as well as regions involved in appetite and visceral sensation, such as the hypo-
thalamus and the insula (Barbas, Saha, Rempel- Clower, & Ghashghaei, 2003). As a 
result of its connectivity with brain regions involved in emotion and reward, the VMPFC 
is thought to be important for the self- regulation of emotional, social, and appetitive 
behaviors (Beer, Shimamura, & Knight, 2004; Fehr & Camerer, 2007; Hare, Camerer, 
& Rangel, 2009; Quirk & Beer, 2006).

Prior to the 20th century, there were few systematic studies of the changes in person-
ality and behavior brought about by damage to the PFC. Most early examples are case 
studies, such as that of Phineas Gage, the American railroad foreman whose tamping iron 
(an iron bar approximately 3 inches in diameter) was propelled through his cranium when 
the explosive charge he had been preparing accidentally ignited. A less widely known, but 
no less compelling, case for social disinhibition following damage the VMPFC was made 
in 1888 by Leonore Welt, who describes the case of a man who sustained severe head 
trauma after falling 100 feet from a window. This patient showed personality changes 
similar to those of Phineas Gage, becoming moody and threatening, and often playing 
cruel practical jokes on the other patients (Welt, 1888). Shortly after his release from the 
hospital, the patient succumbed to an unrelated illness and his brain was subject to a 
postmortem examination. Studying his brain, Welt found evidence of extensive VMPFC 
damage and posited that this injury was the source of the patient’s personality changes. 
This particular case is important for being the first published report of a brain injury as 
the basis for poor self- control that was confirmed by postmortem examination. More-
over, it inspired others to consider the importance of the precise location of damage to the 
etiology of personality changes following brain injury.

Since these early case reports, a large number of studies have confirmed the basic 
finding of social disinhibition following damage to the VMPFC. While initially neurolo-
gists had difficulty arriving at a precise description of the symptoms, focusing on certain 
aspects of the disorder, such as inappropriate humor and use of profanity (Oppenheim, 
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1890) or the tendency to boast (Brickner, 1934), display aggression (Rylander, 1939), 
steal and lie (Kleist, 1934), engage in sexual exhibitionism (Ackerly, 1937), more recently 
it has been shown that the patients have impaired decision making, preferring risky but 
disadvantageous outcomes over safer ones (Sanfey, Hastie, Colvin, & Grafman, 2003). 
Over time neuropsychologists converged on the view that damage to the VMPFC leads 
to a breakdown in self- control and restraint, with a particular emphasis on failure to 
obey social norms (Beer et al., 2004; Blumer & Benson, 1975; Jarvie, 1954). Interest-
ingly, these patients do not lack knowledge of common social norms (Saver & Damasio, 
1991). Theirs is a problem not of memory but of maintaining control over their behavior 
in everyday situations.

Lateral Prefrontal Cortex

The LPFC, unlike the VMPFC, has no direct connections to limbic regions involved in 
emotion; instead the LPFC projects primarily to other regions in the PFC, namely, to 
secondary motor regions involved in action planning (Petrides & Pandya, 1999), the 
basal ganglia (Nambu, 2008) as well as the VMPFC and ACC (McDonald, Mascagni, & 
Guo, 1996). With regard to function, although the LPFC is thought to play an important 
role in elementary executive processes, such as working memory (Curtis & D’Esposito, 
2003), planning (Stuss & Alexander, 2007), response selection (Thompson- Schill, Bedny, 
& Goldberg, 2005) and inhibition of responses (Aron, Robbins, & Poldrack, 2014), it 
would appear that the LPFC, through its rich connections with ACC, VMPFC, and sec-
ondary motor areas, is principally involved in planning and maintaining behaviors. For 
self- regulation, this means holding regulatory strategies in mind and ensuring that these 
are not derailed by distractions, such as when a restrained eater suddenly finds him- or 
herself ambushed by appetizing foods. Thus, the LPFC is thought to be vital for support-
ing self- regulation in multiple domains (Cohen & Lieberman, 2010).

Patients suffering from damage to lateral portions of the PFC present a very different 
symptomatology than do patients with VMPFC damage. These patients display profound 
difficulties in planning behavior and inhibiting goal-i rrelevant distractions. One early 
case illustrating these deficits was described by noted Canadian neurosurgeon Wilder 
Penfield and is of a patient who underwent a neurosurgical resection involving lateral 
portions of the PFC. Following recovery, it was noted that the patient demonstrated much 
difficulty playing games that involved the maintenance of multiple goals in memory, such 
as bridge (Penfield & Evans, 1935). Moreover, the patient appeared to lose all initiative, 
displaying a profound apathy toward seeking employment. This case is remarkably 
similar to one reported half a century later, in which a college student, having 
recovered from damage to the right PFC, repeatedly failed classes and eventually 
dropped out of college. He later reported that despite understanding the material, he 
simply could not muster the interest it would take to be successful (Stuss & Benson, 
1986).Unlike patients with damage to the VMPFC, patients with LPFC damage have no 
problem engaging in social interactions or understanding social and emotional cues (Bar-
On, Tranel, Denburg, & Bechara, 2003). Their deficits are more in line with the core fac-
ulties of what has come to be known as executive function (Miller & Cohen, 2001), and 
their difficulty in organizing and regulating behavior can be traced to deficits in working 
memory, task switching, and inhibitory control. Accordingly, these patients have dif-
ficulty in tasks that have changing demands, and they often perseverate in behaviors 
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that have become irrelevant to the current goals of the task (Barceló & Knight, 2002; 
Milner, 1963). These patients also perform poorly on tasks relying on inhibitory control. 
For instance, patients with LPFC damage are impaired on the Stroop task (Perret, 1974; 
Vendrell et al., 1995), in which they have to read the name of a color word printed in a 
conflicting ink color (e.g., the word red printed in blue ink). These patients also have dif-
ficulty generating novel items, such as nonverbalizable designs, and tend to perseverate on 
the same type of design throughout the task (Jones- Gotman & Milner, 1977).

Perhaps the best overall example of the constellation of deficits exhibited by patients 
with LPFC damage comes from observing their performance on everyday tasks out-
side the laboratory. In a cleverly designed study, Shallice and Burgess (1991) instructed 
patients to perform an array of real-world errands (e.g., shopping for items on a list, ask-
ing for directions, and meeting someone at a specified time) while being unobtrusively 
tailed by two observers who made note of their performance. Patients showed a remark-
able inability to complete even the most rudimentary daily errands; for instance, patients 
failed to purchase items on their list, entered the same shop multiple times, and even left 
a shop without paying (Shallice & Burgess, 1991). This clever, real-world neuropsycho-
logical test serves to illustrate how the many facets of LPFC function must work together 
to allow us to accomplish even the most mundane of goal- directed behaviors.

More recently, studies using transcranial magnetic stimulation, which can cause 
local disruptions of neural activity within a brain region, have shown that inactivation 
of the LPFC can lead to increased impulsiveness and risky decision making (Chambers 
et al., 2006; Knoch, Pascual- Leone, Meyer, Treyer, & Fehr, 2006). Conversely, activat-
ing (instead of inhibiting) these same regions using a technique known as direct current 
stimulation, produces the opposite effect. Rather than impairing the ability to engage in 
self- control, direct current stimulation appears to improve self- control, as evidenced by 
reduced impulsive behavior during financial decision- making tasks (Fecteau et al., 2007; 
Jacobson, Javitt, & Lavidor, 2011).

anterior Cingulate Cortex

The ACC is the rostral portion of cingulate cortex, resting above the corpus callosum. It 
is interconnected with a wide range of brain structures involved in cognition, emotion, 
and motor execution. However, unlike other regions of the PFC, the ACC receives little 
input from regions involved in sensory processing (Carmichael & Price, 1995). The ACC 
is intimately connected to the LPFC and VMPFC, and the adjacent motor cortex. In addi-
tion, the ACC shares many important connections with limbic regions involved in emo-
tion, and ventral striatal regions implicated in reward processing (Ongur, An, & Price, 
1998; Vogt & Pandya, 1987). In many ways the ACC sits at the anatomical crossroads 
of cognitive control, affective control, motor planning, and arousal, and is therefore ide-
ally suited to exert an influence over these regions in response to environmental demands 
(Paus, 2001).

Knowledge of the cognitive and behavioral effects of ACC damage is constrained by 
the relative paucity of patients with pure focal damage to the ACC. It is uncommon for 
this region to be damaged in closed- head injuries, and damage caused by strokes tends to 
encroach upon surrounding cortex (e.g., the medial PFC and secondary motor cortices). 
Of the few case studies of patients with focal ACC damage, their symptoms are marked 
by general apathy, blunted affect, and difficulty in maintaining goal- directed behavior 
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(Cohen, Kaplan, Moser, Jenkins, & Wilkinson, 1999; Cohen, Kaplan, Zuffante, et al., 
1999; Cohen, McCrae, & Phillips, 1990; Laplane, Degos, Baulac, & Gray, 1981; Wilson 
& Chang, 1974). Family members report that these patients appear to have lost their 
“drive” and frequently note patients’ dramatic loss of interest in activities and hobbies 
they formerly found pleasurable (Cohen, Kaplan, Moser, et al., 1999; Tow & Whitty, 
1953).

Given the paucity of patients with focal ACC damage, much of the theorizing con-
cerning ACC function is built on recent findings from cognitive neuroscience. One of 
the most consistent findings from brain activation studies is that the ACC is involved in 
detecting conflict among competing responses and monitoring for errors in performance 
(Carter et al., 1998; Gehring & Knight, 2000; MacDonald, Cohen, Stenger, & Carter, 
2000). This has led many to theorize that the primary role of the ACC is to detect situ-
ations in which response conflict is likely, then to signal the need for increased cognitive 
control, such as when overriding habitual behaviors or overcoming temptations (Botv-
inick, Braver, Barch, Carter, & Cohen, 2001; Kerns et al., 2004; Paus, 2001; Peterson 
et al., 1999). Moreover, it is hypothesized that under situations of cognitive conflict, the 
ACC communicates directly with the LPFC to bring current behavior in line with over-
arching goals (Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004).

the neural Basis oF selF‑reGulatory Failure

In the previous section, we reviewed neuropsychological case studies demonstrating the 
roles of VMPFC, LPFC, and ACC in self-r egulation. This research demonstrates that 
damage to any one of these regions can have profound effects on a person’s ability to 
regulate behaviors across a variety of domains, from following social norms to carry-
ing out mundane, everyday tasks. The ability to maintain our goals in mind, to correct 
for errors in performance and, ultimately, to bring our thoughts and behaviors in line 
with our intentions, relies on the complex interplay between each of the aforementioned 
PFC regions. This ability to remain in control of our behavior is proposed to rely on a 
balance between self- control capacity and the strength of impulses and desires. Self- 
regulation can therefore fail when faced with a strong desire or when the individual’s 
self- control capacity is reduced or the motivation to engage in effortful control is lacking 
(Heatherton & Wagner, 2011). Careful study of the deficits exhibited by patients with 
focal brain damage can give us important insights into the underlying cognitive opera-
tions that these damaged regions normally support. However, to understand how the 
healthy PFC enables self- regulation and what happens in the brain when self- regulation 
fails, we must turn to the study of healthy populations and the methods of cognitive 
neuroscience. In the following section we examine how these methods have been used 
to investigate the neural substrates of self- regulation and self- regulation failure in three 
separate domains: emotions, thoughts and stereotypes, and appetitive behaviors.

Neural Bases of Emotion regulation

Keeping emotions in check is a vital part of maintaining harmonious social relationships. 
Were our ability to do so suddenly knocked out, our relationships would likely turn very 
ugly indeed. Research on the neural substrates of this complex ability has honed in on a 
model of emotion regulation involving top-down regulation by the PFC of limbic regions 
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involved in affect (Davidson, Putnam, & Larson, 2000; Ochsner & Gross, 2005). A con-
sistent finding across a wide range of studies is an inverse correlation between the PFC 
and activity in the amygdala, a limbic region sensitive to emotionally arousing stimuli. 
The precise region of PFC involved in modulating the amgydala varies across studies but 
is invariably either the LPFC (Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003; Och-
sner, Bunge, Gross, & Gabrieli, 2002; Ochsner et al., 2004) or the VMPFC (Johnstone, 
van Reekum, Urry, Kalin, & Davidson, 2007; Urry et al., 2006). In light of the earlier 
discussion of the anatomical connectivity of these two regions, specifically regarding the 
fact that the LPFC has no direct connections to limbic regions, it would appear that the 
LPFC exerts its regulatory influence indirectly. Evidence for this indirect pathway was 
reported by Johnstone and colleagues (2007), who found that the relationship between 
LPFC and the amygdala during emotion regulation is mediated by the VMPFC.

Mood disorders, such as major depressive disorder (MDD) and borderline personal-
ity disorder (BPD), present interesting cases of impaired emotion regulation. Research on 
patients with these mood disorders has consistently shown a breakdown in the inverse 
functional coupling between VMPFC and the amygdala, leading to exaggerated acti-
vation of the amygdala in response to negative emotional material (Donegan et al., 
2003; Johnstone et al., 2007; Silbersweig et al., 2007). This finding of a dysfunctional 
VMPFC–amygdala circuit finds additional support in a recent study of patients with 
BPD, using fludeoxyglucose– positron emission tomography (FDG-PET), a neuroimaging 
method that allows for the measurement of resting glucose metabolism. In contrast to 
healthy controls, patients with BPD showed no coupling of metabolism in the VMPFC 
and amygdala (New et al., 2007). These findings demonstrate that even when patients 
with BPD are not actively regulating emotions, the normal functional coupling between 
the VMPFC and amygdala is impaired.

A final example of the uncoupling of this VMPFC–amygdala circuit comes from a 
study of the deleterious effects of sleep deprivation on emotion regulation. In this research, 
sleep- deprived and control participants underwent functional magnetic resonance imag-
ing (fMRI) scanning while viewing negative emotional material. As in the patients with 
mood disorders mentioned earlier, sleep- deprived patients demonstrated an exaggerated 
amygdala response compared to control participants and impaired functional connectiv-
ity between the VMPFC and amygdala (Yoo, Gujar, Hu, Jolesz, & Walker, 2007).

regulation of thoughts and Prejudices

Cognitive neuroscientists have long studied the neural basis of response inhibition, rely-
ing primarily on tasks such as the the go/no-go task, in which certain cues indicate a go 
response (usually a button press), while others require the participant to inhibit respond-
ing. Research using this task has consistently found activation in both the ACC and 
LPFC (Casey et al., 1997; Kiehl, Liddle, & Hopfinger, 2000; Somerville, Hare, & Casey, 
2011). The ACC in particular is thought to be involved in response competition between 
conflicting cues, and in monitoring for errors in performance, while activity in the LPFC 
reflects the actual inhibition of responses during the no-go trials (Liddle, Kiehl, & Smith, 
2001). Surprisingly, few attempts have been made to apply this framework to the problem 
of thought suppression.

In perhaps the first study to examine the neural substrates of actively suppressing 
thoughts, Wyland, Kelley, Macrae, Gordon, and Heatherton (2003) found increased 
ACC activity during periods of active thought suppression compared to periods of 
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unrestrained thought. One problem with interpreting these results is that because sub-
jects were not instructed to report thought intrusions during the suppression period, it 
is unclear whether ACC activity was related to failures of thought suppression or was 
instead signaling the need for additional cognitive control (see Botvinick et al., 2001). To 
parse out these two interpretations, Mitchell and colleagues (2007) conducted a similar 
study. However, this time, participants were instructed to respond whenever they expe-
rienced intrusions of a prespecified thought. Results from this study are in agreement 
with the previously described research on response inhibition, demonstrating increased 
activity in the LPFC during periods of thought suppression, while the ACC was found to 
respond only during instances of thought intrusions. These findings provide converging 
evidence that the ACC monitors for conflict, while the LPFC is involved in actively regu-
lating and suppressing thoughts (Mitchell et al., 2007).

Controlling attitudes and prejudices differs from thought regulation in that stereo-
types are often automatically activated upon encountering outgroup members (Devine, 
1989; Devine, Plant, Amodio, Harmon-Jones, & Vance, 2002; Fiske, 1998; Greenwald, 
McGhee, & Schwartz, 1998; Payne, 2001). Moreover, outgroup members, particularly 
racial outgroup members, are often perceived as threatening (Brewer, 1999; cf. Acker-
man et al., 2006). Research examining the neural correlates of prejudice has largely 
focused on prefrontal top-down regulation of amygdala activity to members of a racial 
outgroup, although similar findings exist for members of stigmatized groups, such as 
unattractive people and the obese (Krendl, Macrae, Kelley, Fugelsang, & Heatherton, 
2006). An important factor to keep in mind when reviewing this research is that people 
differ in implicit racial attitudes, and this difference has been shown to moderate amyg-
dala activity in response to racial outgroup members (Cunningham et al., 2004; Phelps 
et al., 2000). An excellent example of this comes from a study examining the deplet-
ing effects of interracial interactions on the propensity to recruit control regions of the 
PFC when evaluating racial outgroup members. In this study, participants engaged in 
an interracial interaction with a black confederate, in which they were asked to discuss 
racially charged topics. Following the interaction, participants completed a Stroop task. 
Interestingly, participants with more negative implicit attitudes toward blacks showed 
decreased performance on the Stroop task, indicating that, for them, the interracial 
interaction was cognitively depleting. Participants also participated in an ostensibly 
unrelated fMRI study in which they viewed black and white faces. As with other simi-
lar studies (e.g., Cunningham et al., 2004), they showed increased recruitment of the 
LPFC and ACC when viewing black faces. More importantly, activity in these regions 
was positively correlated with both participants’ scores on the Implicit Association Test 
(IAT) and with their Stroop interference scores (Richeson et al., 2003). These results 
suggest that for those with fewer implicit attitudes toward blacks, there is less need to 
recruit PFC regions involved in cognitive control to override stereotypes that they simply 
do not seem to have.

Control of Cravings and appetitive Behaviors

As noted earlier, the VMPFC and ACC share many reciprocal connections with midbrain 
regions that are important for reward (e.g., nucleus accumbens). The nucleus accumbens, 
along with the ventral tegmental area (VTA), form part of what is known as the mesolim-
bic dopamine system. Both animal neurophysiology and human neuroimaging work have 
shown that a seemingly universal feature of rewarding stimuli, be they natural rewards or 
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drugs of abuse, is that they activate dopamine release in the nucleus accumbens (Carelli, 
Ijames, & Crumling, 2000; Di Chiara & Imperato, 1988; Pfaus et al., 1990) or, in the 
case of neuroimaging work, lead to increased activation in this same region (Berns, 
McClure, Pagnoni, & Montague, 2001; Breiter et al., 1997; O’Doherty, Dayan, Friston, 
Critchley, & Dolan, 2003). This holds true even when participants are simply viewing 
photographic “cues” of rewarding stimuli, such as attractive members of the opposite sex 
(Cloutier, Heatherton, Whalen, & Kelley, 2008), food images (Demos, Heatherton, & 
Kelley, 2012; Wagner, Boswell, Kelley, & Heatherton, 2012) or images of drugs (David 
et al., 2007; Garavan et al., 2000; Myrick et al., 2008). This paradigm, given the name 
cue reactivity, has become an important tool in research on the neural correlates of crav-
ing and control in drug addicts (Childress et al., 1999; Garavan et al., 2000; Maas et al., 
1998; Wexler et al., 2001), smokers (David et al., 2007; Due, Huettel, Hall, & Rubin, 
2002; Wagner, Dal Cin, Sargent, Kelley, & Heatherton, 2011), and obese persons (Rothe-
mund et al., 2007; Stoeckel et al., 2008). For instance, in dieters, cue reactivity to foods 
is prospectively correlated with future weight gain over the following 6-month period 
(Demos et al., 2012) and in another study has been shown to be associated with daily 
food desires, as measured by experience sampling (Lopez, Hofmann, Wagner, Kelley, & 
Heatherton, 2014). Within the domain of smoking, cue reactivity to smoking cues pre-
dicts the degree to which smokers attempting to quite are able to stay abstinent (Janes et 
al., 2010). In addition, research on people’s ability to delay gratification (e.g., Mischel, 
Shoda, & Rodriguez, 1989) has shown that people who had trouble delaying gratifica-
tion during childhood demonstrated greater brain cue reactivity to appetitive stimuli over 
40 years later (Casey et al., 2011).

What happens when participants try to inhibit their response to food or drug 
cues? As might be expected from results in other domains, self- regulation of appeti-
tive desires recruits PFC control systems regardless of whether the rewarding stimulus is 
food (Stoeckel et al., 2008), erotic images (Beauregard, Levesque, & Bourgouin, 2001), 
cigarettes (Brody et al., 2007; David et al., 2005; Kober et al., 2010), drugs (Garavan et 
al., 2000; Wrase et al., 2002), or money (Delgado, Gillis, & Phelps, 2008). Moreover, 
activity in these regions appears to be related to whether people are successful at inhibit-
ing cravings. For example, successful dieters have been shown to recruit the LPFC spon-
taneously when viewing images of appetizing foods, whereas unsuccessful dieters do not 
(DelParigi et al., 2007). This finding suggests that what makes these dieters successful is 
that they appear to recruit regulatory regions spontaneously in response to food cues, and 
that this automatic regulation strategy helps to control food cravings.

A well-known finding in research on restrained eating is that forcing chronic dieters 
to break their diet, usually by having them consume a high- calorie milkshake “preload,” 
can lead to bouts of unrestrained eating (Heatherton, Herman, & Polivy, 1991, 1992; 
Heatherton, Polivy, Herman, & Baumeister, 1993; Herman & Mack, 1975). Theories of 
drug addiction suggest that the reason why drug addicts fail to control their consumption 
is that midbrain reward areas become hypersensitized to drug cues (Stoeckel et al., 2008) 
and are uncoupled from top-down control regions in the PFC (Bechara, 2005; Koob & 
Le Moal, 1997, 2008). This notion was examined in a study that compared cue reactivity 
to appetizing foods in restrained and unrestrained eaters, half of which drank a high- 
calorie milkshake preload, effectively breaking the restrained eaters’ diets. Restrained 
eaters whose diets were broken by the milkshake preload demonstrated increased food-
cue- related activity in the nucleus accumbens compared to both unrestrained eaters and 
restrained eaters whose diet had not been broken (Demos, Kelley, & Heatherton, 2011), 
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a finding that mirrors the earlier behavioral studies (e.g., Heatherton et al., 1991, 1992; 
Herman & Mack, 1975).

neGative aFFect anD social Distress

In the previous section we reviewed the role of prefrontal brain regions in the regulation 
of emotion. In this section, we instead turn the tables on the PFC and examine research 
suggesting that emotions can serve as a catalyst for self- regulation failure (for a larger 
review, see Wagner & Heatherton, 2013a). The experience of emotional and social dis-
tress has often been cited as precursor to self- regulation failures in domains such as 
binge eating (Haedt-Matt & Keel, 2011), drinking (Witkiewitz & Villarroel, 2009), and 
gambling (Raviv, 1993). Experimental inductions of negative affect and social distress 
have similarly found that these may lead to increased consumption of unhealthy foods, 
reduced persistence on tasks, impulsive decision making, and even to aggressive behavior 
toward others (Baumeister, DeWall, Ciarocco, & Twenge, 2005; Heatherton, Striepe, & 
Wittenberg, 1998; Lerner, Li, & Weber, 2013; Oaten, Williams, Jones, & Zadro, 2008; 
Twenge, Baumeister, Tice, & Stucke, 2001).

How does negative affect lead to impaired self- regulation? A number of mechanisms 
have been proposed, many of which center on the notion that experiencing negative affect 
causes a shift in current goals, such that the individual becomes engaged in affect regu-
lation at the expense of other forms of self- control (Tice, Bratslavsky, & Baumeister, 
2001) Alternatively, people may engage in misregulation, deciding instead to attempt to 
ameliorate their mood, which can occur at the expense of their long-term goals, such as 
when an abstinent drinker decides to have a drink in order to improve his or her mood 
after receiving bad news. Another potential mechanism comes from research suggesting 
that negative affect may increase the strength of desires, rendering them more difficult 
to control. For instance, experiencing negative affect has been associated with increased 
craving for carbohydrate- rich foods (Christensen & Pettijohn, 2001) and, among smok-
ers, increases their reported pleasure from smoking a cigarette (Zinser, Baker, Sherman, 
& Cannon, 1992). Other work suggests that rewards such as money may increase in 
value in so far as they are perceived as a means of relieving the negative affective state 
(e.g., Duclos, Wan, & Jiang, 2013).

Functional neuroimaging studies have similarly shown that emotional distress may 
heighten reward cue reactivity and impair self- regulation. For instance, research has 
shown that social distress is associated with increased reward cue reactivity to appeti-
tive positive and appetitive images (Chester & DeWall, 2014) and increased risk- taking 
behavior, in conjunction with reduced lateral PFC activity, during a driving simulation 
task (Peake, Dishion, Stormshak, Moore, & Pfeifer, 2013). Similarly, among dieters, 
emotional distress has been shown to increase reward cue- reactivity to appetizing foods 
(Killgore & Yurgelun- Todd, 2006; Wagner et al., 2012).

selF‑reGulatory Depletion

Successful regulation of thoughts, emotions, and cravings relies on a common system of 
prefrontal control regions that comprise the ACC, the LPFC, and the VMPFC. Although 
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we addressed each of these domains in isolation, there is ample evidence that self- regulation 
relies on a domain- general resource that can become depleted by successive attempts at 
self- regulation (Baumeister & Heatherton, 1996; Muraven & Baumeister, 2000; Vohs 
& Heatherton, 2000). The view that self- regulation is a resource- limited system that 
can become temporarily exhausted through use has come to be known as the strength 
model of self- regulation (Baumeister & Heatherton, 1996). Over the years this model has 
received considerable empirical support (for a meta- analysis, see Hagger, Wood, Stiff, & 
Chatzisarantis, 2010); in addition, research using experience sampling has shown that 
the disinhibiting effects of depletion also appear to obtain in real-world settings, in that 
the likelihood of reporting a failure to self- regulate increases as a function of the num-
ber of prior acts of self- regulation that participants have attempted (Hofmann, Vohs, & 
Baumeister, 2012). For instance, research has shown that when people engage in a prior 
effortful self- regulation task, they subsequently become more likely to consume tempting 
foods (Vohs & Heatherton, 2000), pay attention to rewards (Schmeichel, Harmon-Jones, 
& Harmon-Jones, 2010), and show impaired emotion regulation (Schmeichel, 2007).

In our chapter in the previous edition of this handbook, we could only speculate 
on how depletion affects brain mechanisms involved in self- regulation. However, in the 
intervening time, a number of researchers have turned to the methods of cognitive neu-
roscience in an attempt to understand how self- regulatory depletion undermines self- 
regulation. Consistent with behavioral results, these studies have demonstrated that fol-
lowing effortful self- regulation, people show impairments on effortful self- regulation 
tasks such as the Stroop task, and these performance decrements in one study were asso-
ciated with a reduced error- related negativity signal originating in the ACC and thought 
to be involved in conflict monitoring (Inzlicht & Gutsell, 2007). Other research, using 
functional neuroimaging, has shown that depletion leads to reduced recruitment of the 
LPFC during self- regulation tasks (Friese, Binder, Luechinger, Boesiger, & Rasch, 2013; 
Hedgcock, Vohs, & Rao, 2012; Persson, Larsson, & Reuter- Lorenz, 2013). For instance, 
in work by Friese and colleagues (2013), participants first completed a difficult or easy 
emotion suppression tasks, followed by the Stroop task, all while undergoing fMRI. The 
results of this study showed that participants in the depletion condition demonstrated 
increased right LPFC activity during the thought suppression task, and, in the same 
region, they subsequently showed underrecruitment of this region (relative to nonde-
pleted participations) during the Stroop task. Together, these and other findings suggest 
that the performance decrements observed on subsequent tasks result from a failure to 
engage self- control systems following depletion. Moreover, they raise the interesting pos-
sibility that the aftereffect of depletion on top-down control will be most pronounced in 
brain regions involved in both the depletion and subsequent self- control task (e.g., Friese 
et al. 2013).

These last few studies highlight a role for the PFC in self- regulatory depletion dur-
ing more cognitive tasks, but what happens when people seek to inhibit their desires 
or regulate their emotions (i.e., so called “hot” cognition; Metcalfe & Mischel, 1999)? 
Prior behavioral research suggests that another possible aftereffect of self- regulatory 
depletion is increased attention toward rewards (Schmeichel et al., 2010). Given that 
self- regulation often involves a balance between impulses and self- control, another pos-
sible route through which depletion can bring about self- regulation failure is by chang-
ing the strength of impulses directly. Two functional neuroimaging studies lend partial 
support to this notion by showing that, following a self- regulatory depletion task, people 
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show exaggerated amygdala reactivity to aversive emotional scenes (Wagner & Heath-
erton, 2013b), and dieters show increase reward cue reactivity to images of appetizing 
foods (Wagner, Altman, Boswell, Kelley, & Heatherton, 2013). Moreover, in both cases, 
depleted subjects also showed reduced functional connectivity between the amygdala and 
VMPFC on the one hand (Wagner & Heatherton, 2013b), and reward- related regions and 
the LPFC on the other (Wagner et al., 2013). These studies are consistent with the notion 
that self- regulatory depletion may have independent effects on desire strength; however, 
they also support a model whereby self- regulation impairments may come about as a 
result of a reduced coupling between regions important for reward and reward regula-
tion, such as the LPFC (Delgado et al., 2008; Kober et al., 2010; Somerville et al., 2011), 
or between limbic regions and prefrontal areas involved in emotion regulation, such as 
the VMPFC (Johnstone et al., 2007; Somerville et al., 2013). This reduced functional 
connectivity, then, may be responsible for the observation that self- regulatory depletion 
leads to enhanced emotional and reward- related cue reactivity.

conclusions

Failure to maintain control over one’s thoughts, emotions, and desires can result in disas-
trous consequences for the individual. Patients with focal damage to the PFC present an 
extreme case of what life would be like without the ability to regulate our behaviors. 
Neuropsychological case studies have provided essential clues to the cognitive operations 
subserved by the PFC. However, understanding the complex interplay between regions 
of the PFC involved in regulating behavior and those regions that signal motivational rel-
evance or emotional states necessitates a cognitive neuroscience approach. In this chapter 
we have focused on three distinct regions of the PFC and how findings from cognitive 
neuroscience shed light on their role in self- regulation, as well as what happens when self- 
regulation breaks down. First is the VMPFC, which shares important reciprocal connec-
tions with subcortical regions involved in emotion and reward, and is critical for regulat-
ing behavior in social, affective, and appetitive domains. Second is the LPFC, which, with 
its important role in core aspects of executive function (e.g., working memory), is neces-
sary for planning behavior and maintaining regulatory goals. Third is the ACC, a region 
that is richly interconnected with cognitive, affective, and motor regions; monitors our 
performance; and signals the need for recruiting control systems to regulate our behavior.

In this chapter we have reviewed recent work examining the brain basis of self- 
regulation failure across multiple domains. The general framework that emerges from 
this research is that lapses in control may result from a failure to recruit lateral prefrontal 
regions involved in self- control that are necessary to complete a task or inhibit a response. 
Another route through which self- regulation failure can occur is when these same lateral 
prefrontal regions fail to adequately keep in check stimulus- driven cortical and subcortical 
responses associated with emotion, threat, and reward. Thus, what the research suggests 
is that the two classic components of self- control (top-down control vs. impulse strength) 
can be approximately mapped onto brain systems that are important for cognitive control 
on the one hand, and onto brain regions involved in subjective value and reward on the 
other. Although there is surely more complexity to how the brain enables self- regulation, 
the results thus far point to the importance of prefrontal control systems in monitoring 
behavior, signaling the need for control, and engaging in effortful inhibition. However, 
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just as important appears to be the sensitivity of the brain’s reward system, individual dif-
ferences that are predictive of real-world self- regulation failures (e.g., Lopez et al., 2014). 
It appears that when it comes to understanding how self- regulation is related to brain 
function, it is important to maintain a balanced view.

reFerences

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2014). Inhibition and the right inferior frontal 
cortex: One decade on. Trends in Cognitive Sciences, 18(4), 177–185.

Ackerly, S. (1937). Instinctive, emotional and mental changes following prefrontal lobe extirpa-
tion. American Journal of Psychiatry, 92, 717–729.

Ackerman, J. M., Shapiro, J. R., Neuberg, S. L., Kenrick, D. T., Becker, D. V., Griskevicius, V., et 
al. (2006). They all look the same to me (unless they’re angry): From out-group homogeneity 
to out-group heterogeneity. Psychological Science, 17(10), 836–840.

Barbas, H., Saha, S., Rempel- Clower, N., & Ghashghaei, T. (2003). Serial pathways from primate 
prefrontal cortex to autonomic areas may influence emotional expression. BMC Neurosci-
ence, 4, 25.

Barceló, F., & Knight, R. T. (2002). Both random and perseverative errors underlie WCST deficits 
in prefrontal patients. Neuropsychologia, 40(3), 349–356.

Bar-On, R., Tranel, D., Denburg, N. L., & Bechara, A. (2003). Exploring the neurological sub-
strate of emotional and social intelligence. Brain, 126(8), 1790–1800.

Baumeister, R. F., DeWall, C. N., Ciarocco, N. J., & Twenge, J. M. (2005). Social exclusion 
impairs self- regulation. Journal of Personality and Social Psychology, 88(4), 589–604.

Baumeister, R. F., & Heatherton, T. F. (1996). Self- regulation failure: An overview. Psychological 
Inquiry, 7(1), 1–15.

Beauregard, M., Levesque, J., & Bourgouin, P. (2001). Neural correlates of conscious self- 
regulation of emotion. Journal of Neuroscience, 21(18), RC165.

Bechara, A. (2005). Decision making, impulse control and loss of willpower to resist drugs: A 
neurocognitive perspective. Nature Neuroscience, 8(11), 1458–1463.

Beer, J. S., Shimamura, A. P., & Knight, R. T. (2004). Frontal lobe contributions to executive con-
trol of cognitive and social behavior. In M. S. Gazzaniga (Ed.), The cognitive neurosciences 
III (pp. 1091–1104). Cambridge, MA: MIT Press.

Berns, G. S., McClure, S. M., Pagnoni, G., & Montague, P. R. (2001). Predictability modulates 
human brain response to reward. Journal of Neuroscience, 21(8), 2793–2798.

Blumer, D., & Benson, D. (1975). Personality changes with frontal and temporal lesions. In Psychi-
atric aspects of neurologic disease (pp. 151–169). New York: Grune & Stratton.

Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J. D. (2001). Conflict moni-
toring and cognitive control. Psychological Review, 108(3), 624–652.

Breiter, H. C., Gollub, R. L., Weisskoff, R. M., Kennedy, D. N., Makris, N., Berke, J. D., et 
al. (1997). Acute effects of cocaine on human brain activity and emotion. Neuron, 19(3), 
591–611.

Brewer, M. B. (1999). The psychology of prejudice: Ingroup love or outgroup hate? Journal of 
Social Issues, 55, 429–444.

Brickner, R. M. (1934). An interpretation of frontal lobe function based upon the study of a case 
of partial bilateral frontal lobectomy. Research Publications of the Association for Research 
in Nervous and Mental Disorders, 13, 259–351.

Brody, A. L., Mandelkern, M. A., Olmstead, R. E., Jou, J., Tiongson, E., Allen, V., et al. (2007). 
Neural substrates of resisting craving during cigarette cue exposure. Biological Psychiatry, 
62(6), 642–651.

Carelli, R. M., Ijames, S. G., & Crumling, A. J. (2000). Evidence that separate neural circuits in 
the nucleus accumbens encode cocaine versus “natural” (water and food) reward. Journal of 
Neuroscience, 20(11), 4255–4266.

       



124 COGnITIVE, PhYSIOLOGICAL AnD nEUROLOGICAL DImEnSIOnS 

Carmichael, S. T., & Price, J. L. (1995). Limbic connections of the orbital and medial prefrontal 
cortex in macaque monkeys. Journal of Comparative Neurology, 363(4), 615–641.

Carter, C. S., Braver, T. S., Barch, D. M., Botvinick, M. M., Noll, D., & Cohen, J. D. (1998). 
Anterior cingulate cortex, error detection, and the online monitoring of performance. Sci-
ence, 280, 747–749.

Casey, B. J., Somerville, L. H., Gotlib, I. H., Ayduk, O., Franklin, N. T., Askren, M. K., et al. 
(2011). Behavioral and neural correlates of delay of gratification 40 years later. Proceedings 
of the National Academy of Sciences, 108(36), 14998–15003.

Casey, B. J., Trainor, R. J., Orendi, J. L., Schubert, A. B., Nystrom, L. E., Giedd, J. N., et al. 
(1997). A developmental functional MRI study of prefrontal activation during performance 
of a go/no-go task. Journal of Cognitive Neuroscience, 9(6), 835–847.

Chambers, C. D., Bellgrove, M. A., Stokes, M. G., Henderson, T. R., Garavan, H., Robertson, 
I. H., et al. (2006). Executive “brake failure” following deactivation of human frontal lobe. 
Journal of Cognitive Neuroscience, 18(3), 444–455.

Chester, D. S., & DeWall, C. N. (2014). Prefrontal recruitment during social rejection predicts 
greater subsequent self- regulatory imbalance and impairment: Neural and longitudinal evi-
dence. NeuroImage, 101, 485–493.

Childress, A. R., Mozley, P. D., McElgin, W., Fitzgerald, J., Reivich, M., & O’Brien, C. P. (1999). 
Limbic activation during cue- induced cocaine craving. America Journal of Psychiatry, 
156(1), 11–18.

Christensen, L., & Pettijohn, L. (2001). Mood and carbohydrate cravings. Appetite, 36(2), 137–
145.

Cloutier, J., Heatherton, T. F., Whalen, P. J., & Kelley, W. M. (2008). Are attractive people reward-
ing?: Sex differences in the neural substrates of facial attractiveness. Journal of Cognitive 
Neuroscience, 20(6), 941–951.

Cohen, R. A., Kaplan, R. F., Moser, D. J., Jenkins, M. A., & Wilkinson, H. (1999). Impairments 
of attention after cingulotomy. Neurology, 53(4), 819–824.

Cohen, R. A., Kaplan, R. F., Zuffante, P., Moser, D. J., Jenkins, M. A., Salloway, S., et al. (1999). 
Alteration of intention and self- initiated action associated with bilateral anterior cingulot-
omy. Journal of Neuropsychiatry and Clinical Neuroscience, 11(4), 444–453.

Cohen, R. A., McCrae, V., & Phillips, K. (1990). Neurobehavioral consequences of bilateral 
medial cingulotomy (Abstract). Neurology, 40(Suppl. 1), A198.

Cohen, J. R., & Lieberman, M. D. (2010). The common neural basis of exerting self- control in 
multiple domains. In R. R. Hassin, K. N. Ochsner, & Y. Trope (Eds.), Self control in society, 
mind, and brain (pp. 141–160). New York: Oxford University Press.

Cunningham, W. A., Johnson, M. K., Raye, C. L., Gatenby, J. C., Gore, J. C., & Banaji, M. R. 
(2004). Separable neural components in the processing of black and white faces. Psychologi-
cal Science, 15(12), 806–813.

Curtis, C. E., & D’Esposito, M. (2003). Persistent activity in the prefrontal cortex during working 
memory. Trends in Cognitive Sciences, 7(9), 415–423.

David, S. P., Munafo, M. R., Johansen- Berg, H., Mackillop, J., Sweet, L. H., Cohen, R. A., et al. 
(2007). Effects of acute nicotine abstinence on cue- elicited ventral striatum/nucleus accum-
bens activation in female cigarette smokers: A functional magnetic resonance imaging study. 
Brain Imaging and Behavior, 1(3–4), 43–57.

David, S. P., Munafo, M. R., Johansen- Berg, H., Smith, S. M., Rogers, R. D., Matthews, P. M., et 
al. (2005). Ventral striatum/nucleus accumbens activation to smoking- related pictorial cues 
in smokers and nonsmokers: A functional magnetic resonance imaging study. Biological Psy-
chiatry, 58(6), 488–494.

Davidson, R. J., Putnam, K. M., & Larson, C. L. (2000). Dysfunction in the neural circuitry of 
emotion regulation— a possible prelude to violence. Science, 289, 591–594.

Delgado, M. R., Gillis, M. M., & Phelps, E. A. (2008). Regulating the expectation of reward via 
cognitive strategies. Nature Neuroscience, 11(8), 880–881.

DelParigi, A., Chen, K., Salbe, A. D., Hill, J. O., Wing, R. R., Reiman, E. M., et al. (2007). 

       



  Cognitive Neuroscience of Self‑Regulatory Failure 125

Successful dieters have increased neural activity in cortical areas involved in the control of 
behavior. International Journal of Obesity (London), 31(3), 440–448.

Demos, K. E., Heatherton, T. F., & Kelley, W. M. (2012). Individual differences in nucleus accum-
bens activity to food and sexual images predict weight gain and sexual behavior. Journal of 
Neuroscience, 32(16), 5549–5552.

Demos, K. E., Kelley, W. M., & Heatherton, T. F. (2011). Dietary restraint violations influence 
reward responses in nucleus accumbens and amygdala. Journal of Cognitive Neuroscience, 
23(8), 1952–1963.

Devine, P. G. (1989). Stereotypes and prejudice— their automatic and controlled components. 
Journal of Personality and Social Psychology, 56(1), 5–18.

Devine, P. G., Plant, E. A., Amodio, D. M., Harmon-Jones, E., & Vance, S. L. (2002). The regula-
tion of explicit and implicit race bias: The role of motivations to respond without prejudice. 
Journal of Personality and Social Psychology, 82(5), 835–848.

Di Chiara, G., & Imperato, A. (1988). Drugs abused by humans preferentially increase synaptic 
dopamine concentrations in the mesolimbic system of freely moving rats. Proceedings of the 
National Academy of Sciences USA, 85(14), 5274–5278.

Donegan, N. H., Sanislow, C. A., Blumberg, H. P., Fulbright, R. K., Lacadie, C., Skudlarski, P., 
et al. (2003). Amygdala hyperreactivity in borderline personality disorder: Implications for 
emotional dysregulation. Biological Psychiatry, 54(11), 1284–1293.

Duclos, R., Wan, E. W., & Jiang, Y. (2013). Show me the honey!: Effects of social exclusion on 
financial risk- taking. Journal of Consumer Research, 40(1), 122–135.

Due, D. L., Huettel, S. A., Hall, W. G., & Rubin, D. C. (2002). Activation in mesolimbic and 
visuospatial neural circuits elicited by smoking cues: Evidence from functional magnetic reso-
nance imaging. American Journal of Psychiatry, 159(6), 954–960.

Fecteau, S., Pascual- Leone, A., Zald, D. H., Liguori, P., Théoret, H., Boggio, P. S., et al. (2007). 
Activation of prefrontal cortex by transcranial direct current stimulation reduces appetite for 
risk during ambiguous decision making. Journal of Neuroscience, 27(23), 6212–6218.

Fehr, E., & Camerer, C. F. (2007). Social neuroeconomics: The neural circuitry of social prefer-
ences. Trends in Cognitive Sciences, 11(10), 419–427.

Fiske, S. T. (1998). Stereotyping, prejudice, and discrimination. In D. T. Gilbert, S. T. Fiske, & G. 
Lindzey (Eds.), Handbook of social psychology (Vol. 2, pp. 357–411). Boston: McGraw-Hill.

Friese, M., Binder, J., Luechinger, R., Boesiger, P., & Rasch, B. (2013). Suppressing emotions 
impairs subsequent stroop performance and reduces prefrontal brain activation. PLoS ONE, 
8(4), e60385.

Fuster, J. M. (1980). The prefrontal cortex. New York: Raven Press.
Garavan, H., Pankiewicz, J., Bloom, A., Cho, J. K., Sperry, L., Ross, T. J., et al. (2000). Cue- 

induced cocaine craving: Neuroanatomical specificity for drug users and drug stimuli. Amer-
ican Journal of Psychiatry, 157(11), 1789–1798.

Gehring, W. J., & Knight, R. T. (2000). Prefrontal– cingulated interactions in action monitoring. 
Nature Neuroscience, 3(5), 516–520.

Greenwald, A. G., McGhee, D. E., & Schwartz, J. L. (1998). Measuring individual differences in 
implicit cognition: The Implicit Association Test. Journal of Personality and Social Psychol-
ogy, 74(6), 1464–1480.

Haber, S. N., Kunishio, K., Mizobuchi, M., & Lynd-Balta, E. (1995). The orbital and medial 
prefrontal circuit through the primate basal ganglia. Journal of Neuroscience, 15(7, Pt. 1), 
4851–4867.

Haedt-Matt, A. A., & Keel, P. K. (2011). Revisiting the affect regulation model of binge eating: 
A meta- analysis of studies using ecological momentary assessment. Psychological Bulletin, 
137(4), 660–681.

Hagger, M. S., Wood, C., Stiff, C., & Chatzisarantis, N. L. D. (2010). Ego depletion and the 
strength model of self- control: A meta- analysis. Psychological Bulletin, 136(4), 495–525.

Hare, T. A., Camerer, C. F., & Rangel, A. (2009). Self- control in decision- making involves modu-
lation of the vmPFC valuation system. Science, 324, 646–648.

       



126 COGnITIVE, PhYSIOLOGICAL AnD nEUROLOGICAL DImEnSIOnS 

Hariri, A. R., Mattay, V. S., Tessitore, A., Fera, F., & Weinberger, D. R. (2003). Neocortical mod-
ulation of the amygdala response to fearful stimuli. Biological Psychiatry, 53(6), 494–501.

Heatherton, T. F., Herman, C. P., & Polivy, J. (1991). Effects of physical threat and ego threat on 
eating behavior. Journal of Personality and Social Psychology, 60(1), 138–143.

Heatherton, T. F., Herman, C. P., & Polivy, J. (1992). Effects of distress on eating: The importance 
of ego- involvement. Journal of Personality and Social Psychology, 62(5), 801–803.

Heatherton, T. F., Polivy, J., Herman, C. P., & Baumeister, R. F. (1993). Self- awareness, task 
failure, and disinhibition: How attentional focus affects eating. Journal of Personality, 61(1), 
49–61.

Heatherton, T. F., Striepe, M., & Wittenberg, L. (1998). Emotional distress and disinhibited eat-
ing: The role of self. Personality and Social Psychology Bulletin, 24(3), 301–313.

Heatherton, T. F., & Wagner, D. D. (2011). Cognitive neuroscience of self- regulation failure. 
Trends in Cognitive Sciences, 15(3), 132–139.

Hedgcock, W. M., Vohs, K. D., & Rao, A. R. (2012). Reducing self- control depletion effects 
through enhanced sensitivity to implementation: Evidence from fMRI and behavioral studies. 
Journal of Consumer Psychology, 22(4), 486–495.

Herman, C. P., & Mack, D. (1975). Restrained and unrestrained eating. Journal of Personality, 
43(4), 647–660.

Hofmann, W., Vohs, K. D., & Baumeister, R. F. (2012). What people desire, feel conflicted about, 
and try to resist in everyday life. Psychological Science, 23(6), 582–588.

Inzlicht, M., & Gutsell, J. N. (2007). Running on empty: neural signals for self- control failure. 
Psychological Science, 18(11), 933–937.

Jacobson, L., Javitt, D. C., & Lavidor, M. (2011). Activation of inhibition: Diminishing impulsive 
behavior by direct current stimulation over the inferior frontal gyrus. Journal of Cognitive 
Neuroscience, 23(11), 3380–3387.

Janes, A. C., Pizzagalli, D. A., Richardt, S., Frederick, B. deB., Chuzi, S., Pachas, G., et al. (2010). 
Brain reactivity to smoking cues prior to smoking cessation predicts ability to maintain 
tobacco abstinence. Biological Psychiatry, 67(8), 722–729.

Jarvie, H. F. (1954). Frontal lobe wounds causing disinhibition: A study of six cases. Journal of 
Neurology, Neurosurgery and Psychiatry, 17, 14–32.

Johnstone, T., van Reekum, C. M., Urry, H. L., Kalin, N. H., & Davidson, R. J. (2007). Failure 
to regulate: Counterproductive recruitment of top-down prefrontal– subcortical circuitry in 
major depression. Journal of Neuroscience, 27(33), 8877–8884.

Jones- Gotman, M., & Milner, B. (1977). Design fluency: The invention of nonsense drawings 
after focal cortical lesions. Neuropsychologia, 15(4–5), 653–674.

Kerns, J. G., Cohen, J. D., MacDonald, A. W., III, Cho, R. Y., Stenger, V. A., & Carter, C. 
S. (2004). Anterior cingulate conflict monitoring and adjustments in control. Science, 303, 
1023–1026.

Kiehl, K. A., Liddle, P. F., & Hopfinger, J. B. (2000). Error processing and the rostral anterior 
cingulate: An event- related fMRI study. Psychophysiology, 37(02), 216–223.

Killgore, W. D. S., & Yurgelun- Todd, D. A. (2006). Affect modulates appetite- related brain activ-
ity to images of food. International Journal of Eating Disorders, 39(5), 357–363.

Kleist, K. (1934). Gehirnpathologie. Leipzig, Germany: Barth.
Knoch, D., Pascual- Leone, A., Meyer, K., Treyer, V., & Fehr, E. (2006). Diminishing reciprocal 

fairness by disrupting the right prefrontal cortex. Science, 314, 829–832.
Kober, H., Mende- Siedlecki, P., Kross, E. F., Weber, J., Mischel, W., Hart, C. L., et al. (2010). 

Prefrontal– striatal pathway underlies cognitive regulation of craving. Proceedings of the 
National Academy of Sciences, 107(33), 14811–14816.

Koob, G. F., & Le Moal, M. (1997). Drug abuse: Hedonic homeostatic dysregulation. Science, 
278, 52–58.

Koob, G. F., & Le Moal, M. (2008). Addiction and the brain antireward system. Annual Review 
of Psychology, 59, 29–53.

       



  Cognitive Neuroscience of Self‑Regulatory Failure 127

Krendl, A. C., Macrae, C. N., Kelley, W. M., Fugelsang, J. A., & Heatherton, T. F. (2006). The 
good, the bad, and the ugly: An fMRI investigation of the functional anatomic correlates of 
stigma. Social Neuroscience, 1(1), 5–15.

Lanfranchi, G. (1315). Chirurgia magna. London: Marshe.
Laplane, D., Degos, J. D., Baulac, M., & Gray, F. (1981). Bilateral infarction of the anterior cin-

gulate gyri and of the fornices: Report of a case. Journal of Neurological Science, 51(2), 
289–300.

Lerner, J. S., Li, Y., & Weber, E. U. (2013). The financial costs of sadness. Psychological Science, 
24(1), 72–79.

Liddle, P. F., Kiehl, K. A., & Smith, A. M. (2001). An event- related fMRI study of response inhibi-
tion. Human Brain Mapping, 12(2), 100–109.

Lopez, R. B., Hofmann, W., Wagner, D. D., Kelley, W. M., & Heatherton, T. F. (2014). Neural 
predictors of giving in to temptation in daily life. Psychological Science, 25(7), 1337–1344.

Maas, L. C., Lukas, S. E., Kaufman, M. J., Weiss, R. D., Daniels, S. L., Rogers, V. W., et al. (1998). 
Functional magnetic resonance imaging of human brain activation during cue- induced 
cocaine craving. American Journal of Psychiatry, 155(1), 124–126.

MacDonald, A. W., Cohen, J. D., Stenger, V. A., & Carter, C. S. (2000). Dissociating the role 
of dorsolateral prefrontal and anterior cingulated cortex in cognitive control. Science, 288, 
1835–1838.

McDonald, A. J., Mascagni, F., & Guo, L. (1996). Projections of the medial and lateral prefrontal 
cortices to the amygdala: A Phaseolus vulgaris leucoagglutinin study in the rat. Neurosci-
ence, 71(1), 55–75.

Metcalfe, J., & Mischel, W. (1999). A hot/cool- system analysis of delay of gratification: Dynamics 
of willpower. Psychological Review, 106(1), 3–19.

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex function. Annual 
Review of Neuroscience, 24, 167–202.

Milner, B. (1963). Effects of different brain lesions on card sorting. Archives of Neurology, 9, 
90–100.

Mischel, W., Shoda, Y., & Rodriguez, M. I. (1989). Delay of gratification in children. Science, 
244, 933–938.

Mitchell, J. P., Heatherton, T. F., Kelley, W. M., Wyland, C. L., Wegner, D. M., & Macrae, C. N. 
(2007). Separating sustained from transient aspects of cognitive control during thought sup-
pression. Psychological Science, 18(4), 292–297.

Muraven, M., & Baumeister, R. F. (2000). Self- regulation and depletion of limited resources: Does 
self- control resemble a muscle? Psychological Bulletin, 126(2), 247–259.

Myrick, H., Anton, R. F., Li, X., Henderson, S., Randall, P. K., & Voronin, K. (2008). Effect of 
naltrexone and ondansetron on alcohol cue- induced activation of the ventral striatum in 
alcohol- dependent people. Archives of General Psychiatry, 65(4), 466–475.

Nambu, A. (2008). Seven problems on the basal ganglia. Current Opinion in Neurobiology, 18(6), 
595–604.

New, A. S., Hazlett, E. A., Buchsbaum, M. S., Goodman, M., Mitelman, S. A., Newmark, R., et 
al. (2007). Amygdala– prefrontal disconnection in borderline personality disorder. Neuropsy-
chopharmacology, 32(7), 1629–1640.

O’Doherty, J. P., Dayan, P., Friston, K., Critchley, H., & Dolan, R. J. (2003). Temporal difference 
models and reward- related learning in the human brain. Neuron, 38(2), 329–337.

Oaten, M., Williams, K. D., Jones, A., & Zadro, L. (2008). The effects of ostracism on self- 
regulation in the socially anxious. Journal of Social and Clinical Psychology, 27(5), 471–504.

Ochsner, K. N., Bunge, S. A., Gross, J. J., & Gabrieli, J. D. (2002). Rethinking feelings: An 
fMRI study of the cognitive regulation of emotion. Journal of Cognitive Neuroscience, 14(8), 
1215–1229.

Ochsner, K. N., & Gross, J. J. (2005). The cognitive control of emotion. Trends in Cognitive Sci-
ences, 9(5), 242–249.

       



128 COGnITIVE, PhYSIOLOGICAL AnD nEUROLOGICAL DImEnSIOnS 

Ochsner, K. N., Ray, R. D., Cooper, J. C., Robertson, E. R., Chopra, S., Gabrieli, J. D., et al. 
(2004). For better or for worse: Neural systems supporting the cognitive down- and up- 
regulation of negative emotion. NeuroImage, 23(2), 483–499.

Ongur, D., An, X., & Price, J. L. (1998). Prefrontal cortical projections to the hypothalamus in 
macaque monkeys. Journal of Comparative Neurology, 401(4), 480–505.

Ongur, D., & Price, J. L. (2000). The organization of networks within the orbital and medial pre-
frontal cortex of rats, monkeys and humans. Cerebral Cortex, 10(3), 206–219.

Oppenheim, H. (1890). Zur Pathologie der Grosshirngeschwülste [On the pathology of cerebral 
tumors]. Archiv für Psychiatrie und Nervenkrankheiten, 22, 27–72.

Paus, T. (2001). Primate anterior cingulate cortex: Where motor control, drive and cognition inter-
face. Nature Reviews Neuroscience, 2(6), 417–424.

Payne, B. K. (2001). Prejudice and perception: The role of automatic and controlled processes in 
misperceiving a weapon. Journal of Personality and Social Psychology, 81(2), 181–192.

Peake, S. J., Dishion, T. J., Stormshak, E. A., Moore, W. E., & Pfeifer, J. H. (2013). Risk- taking 
and social exclusion in adolescence: Neural mechanisms underlying peer influences on 
decision- making. NeuroImage, 82, 23–34.

Penfield, W., & Evans, J. (1935). The frontal lobe in man: A clinical study of maximum removals. 
Brain, 58, 115–133.

Perret, E. (1974). The left frontal lobe of man and the suppression of habitual responses in verbal 
categorical behaviour. Neuropsychologia, 12(3), 323–330.

Persson, J., Larsson, A., & Reuter- Lorenz, P. A. (2013). Imaging fatigue of interference control 
reveals the neural basis of executive resource depletion. Journal of Cognitive Neuroscience, 
25(3), 338–351.

Peterson, B. S., Skudlarski, P., Gatenby, J. C., Zhang, H., Anderson, A. W., & Gore, J. C. (1999). 
An fMRI study of Stroop word–color interference: Evidence for cingulate subregions sub-
serving multiple distributed attentional systems. Biological Psychiatry, 45(10), 1237–1258.

Petrides, M., & Pandya, D. N. (1999). Dorsolateral prefrontal cortex: Comparative cytoarchitec-
tonic analysis in the human and the macaque brain and corticocortical connection patterns. 
European Journal of Neuroscience, 11(3), 1011–1036.

Pfaus, J. G., Damsma, G., Nomikos, G. G., Wenkstern, D. G., Blaha, C. D., Phillips, A. G., et 
al. (1990). Sexual behavior enhances central dopamine transmission in the male rat. Brain 
Research, 530(2), 345–348.

Phelps, E. A., O’Connor, K. J., Cunningham, W. A., Funayama, E. S., Gatenby, J. C., Gore, J. C., 
et al. (2000). Performance on indirect measures of race evaluation predicts amygdala activa-
tion. Journal of Cognitive Neuroscience, 12(5), 729–738.

Quirk, G. J., & Beer, J. S. (2006). Prefrontal involvement in the regulation of emotion: conver-
gence of rat and human studies. Current Opinion in Neurobiology, 16(6), 723–727.

Raviv, M. (1993). Personality characteristics of sexual addicts and pathological gamblers. Journal 
of Gambling Studies, 9(1), 17–30.

Richeson, J. A., Baird, A. A., Gordon, H. L., Heatherton, T. F., Wyland, C. L., Trawalter, S., et 
al. (2003). An fMRI investigation of the impact of interracial contact on executive function. 
Nature Neuroscience, 6(12), 1323–1328.

Ridderinkhof, K. R., Ullsperger, M., Crone, E. A., & Nieuwenhuis, S. (2004). The role of the 
medial frontal cortex in cognitive control. Science, 306, 443–447.

Rothemund, Y., Preuschhof, C., Bohner, G., Bauknecht, H. C., Klingebiel, R., Flor, H., et al. 
(2007). Differential activation of the dorsal striatum by high- calorie visual food stimuli in 
obese individuals. NeuroImage, 37(2), 410–421.

Rylander, G. (1939). Personality changes after operations on the frontal lobes. Copenhagen: 
Munksgaard.

Sanfey, A. G., Hastie, R., Colvin, M. K., & Grafman, J. (2003). Phineas gauged: Decision- making 
and the human prefrontal cortex. Neuropsychologia, 41(9), 1218–1229.

Saver, J. L., & Damasio, A. R. (1991). Preserved access and processing of social knowledge in a 

       



  Cognitive Neuroscience of Self‑Regulatory Failure 129

patient with acquired sociopathy due to ventromedial frontal damage. Neuropsychologia, 
29(12), 1241–1249.

Schmeichel, B. J. (2007). Attention control, memory updating, and emotion regulation temporar-
ily reduce the capacity for executive control. Journal of Experimental Psychology: General, 
136(2), 241–255.

Schmeichel, B. J., Harmon-Jones, C., & Harmon-Jones, E. (2010). Exercising self- control increases 
approach motivation. Journal of Personality and Social Psychology, 99(1), 162–173.

Shallice, T., & Burgess, P. W. (1991). Deficits in strategy application following frontal lobe damage 
in man. Brain, 114(2), 727–741.

Silbersweig, D., Clarkin, J. F., Goldstein, M., Kernberg, O. F., Tuescher, O., Levy, K. N., et al. 
(2007). Failure of frontolimbic inhibitory function in the context of negative emotion in bor-
derline personality disorder. American Journal of Psychiatry, 164(12), 1832–1841.

Somerville, L. H., Hare, T., & Casey, B. J. (2011). Frontostriatal maturation predicts cognitive 
control failure to appetitive cues in adolescents. Journal of Cognitive Neuroscience, 23(9), 
2123–2134.

Stoeckel, L. E., Weller, R. E., Cook, E. W., III, Twieg, D. B., Knowlton, R. C., & Cox, J. E. (2008). 
Widespread reward- system activation in obese women in response to pictures of high- calorie 
foods. NeuroImage, 41(2), 636–647.

Stuss, D. T., & Benson, D. F. (1986). The frontal lobes. New York: Raven Press.
Stuss, D. T., & Alexander, M. P. (2007). Is there a dysexecutive syndrome? Philosophical Transac-

tions of the Royal Society of London B: Biological Sciences, 362(1481), 901–915.
Thompson- Schill, S. L., Bedny, M., & Goldberg, R. F. (2005). The frontal lobes and the regulation 

of mental activity. Current Opinion in Neurobiology, 15(2), 219–224.
Tice, D. M., Bratslavsky, E., & Baumeister, R. F. (2001). Emotional distress regulation takes 

precedence over impulse control: If you feel bad, do it! Journal of Personality and Social 
Psychology, 80(1), 53–67.

Tow, P. M., & Whitty, C. W. (1953). Personality changes after operations on the cingulate gyrus in 
man. Journal of Neurology, Neurosurgery and Psychiatry, 16(3), 186–193.

Twenge, J. M., Baumeister, R. F., Tice, D. M., & Stucke, T. S. (2001). If you can’t join them, beat 
them: Effects of social exclusion on aggressive behavior. Journal of Personality and Social 
Psychology, 81(6), 1058–1069.

Urry, H. L., van Reekum, C. M., Johnstone, T., Kalin, N. H., Thurow, M. E., Schaefer, H. S., 
et al. (2006). Amygdala and ventromedial prefrontal cortex are inversely coupled during 
regulation of negative affect and predict the diurnal pattern of cortisol secretion among older 
adults. Journal of Neuroscience, 26(16), 4415–4425.

Vendrell, P., Junque, C., Pujol, J., Jurado, M. A., Molet, J., & Grafman, J. (1995). The role of 
prefrontal regions in the Stroop task. Neuropsychologia, 33(3), 341–352.

Vogt, B. A., & Pandya, D. N. (1987). Cingulate cortex of the rhesus monkey: II. Cortical afferents. 
Journal of Comparative Neurology, 262(2), 271–289.

Vohs, K. D., & Heatherton, T. F. (2000). Self- regulatory failure: A resource- depletion approach. 
Psychological Science, 11(3), 249–254.

Wagner, D. D., Altman, M., Boswell, R. G., Kelley, W. M., & Heatherton, T. F. (2013). Self- 
regulatory depletion enhances neural responses to rewards and impairs top-down control. 
Psychological Science, 24(11), 2262–2271.

Wagner, D. D., Boswell, R. G., Kelley, W. M., & Heatherton, T. F. (2012). Inducing negative affect 
increases the reward value of appetizing foods in dieters. Journal of Cognitive Neuroscience, 
24(7), 1625–1633.

Wagner, D. D., Dal Cin, S., Sargent, J. D., Kelley, W. M., & Heatherton, T. F. (2011). Spontaneous 
action representation in smokers when watching movie characters smoke. Journal of Neuro-
science, 31(3), 894–898.

Wagner, D. D., & Heatherton, T. F. (2013a). Emotion and self- regulation failure. In J. J. Gross 
(Ed.), Handbook of emotion regulation (2nd ed.). New York: Guilford Press.

       



130 COGnITIVE, PhYSIOLOGICAL AnD nEUROLOGICAL DImEnSIOnS 

Wagner, D. D., & Heatherton, T. F. (2013b). Self- regulatory depletion increases emotional reactiv-
ity in the amygdala. Social Cognitive and Affective Neuroscience, 8(4), 410–417.

Welt, L. (1888). Uber charakterveranderungen der menschen infolge von lasionen des stirnhirn 
[On changes in character as a consequence of lesions of the frontal lobe]. Deutsches Archiv 
für Klinische Medizin, 42, 339–390.

Wexler, B. E., Gottschalk, C. H., Fulbright, R. K., Prohovnik, I., Lacadie, C. M., Rounsaville, B. 
J., et al. (2001). Functional magnetic resonance imaging of cocaine craving. American Jour-
nal of Psychiatry, 158(1), 86–95.

Wilson, D. H., & Chang, A. E. (1974). Bilateral anterior cingulectomy for the relief of intractable 
pain: Report of 23 patients. Confinia Neurologica, 36(1), 61–68.

Witkiewitz, K., & Villarroel, N. A. (2009). Dynamic association between negative affect and 
alcohol lapses following alcohol treatment. Journal of Consulting and Clinical Psychology, 
77(4), 633–644.

Wrase, J., Grusser, S. M., Klein, S., Diener, C., Hermann, D., Flor, H., et al. (2002). Development 
of alcohol- associated cues and cue- induced brain activation in alcoholics. European Psychia-
try, 17(5), 287–291.

Wyland, C. L., Kelley, W. M., Macrae, C. N., Gordon, H. L., & Heatherton, T. F. (2003). Neural 
correlates of thought suppression. Neuropsychologia, 41(14), 1863–1867.

Yoo, S. S., Gujar, N., Hu, P., Jolesz, F. A., & Walker, M. P. (2007). The human emotional brain 
without sleep—a prefrontal amygdala disconnect. Current Biology, 17(20), R877–R878.

Zinser, M. C., Baker, T. B., Sherman, J. E., & Cannon, D. S. (1992). Relation between self- 
reported affect and drug urges and cravings in continuing and withdrawing smokers. Journal 
of Abnormal Psychology, 101(4), 617–629.

       




