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15.1 Introduction

The social world is becoming ever more inte-
grated and connected (Friedman 2006); deci-
sions thus have more of an impact on a greater
number of people. Social norms are standards
of behavior that help regulate such complicat-
ed group functioning, and people who indulge
in selfish whims that flout social norms risk a
range of negative outcomes (Kurzban and Leary
2001). Critical in overcoming selfish urges to
act in the interest of others is self-control—the
process in which thoughts, emotions, or prepo-
tent responses are inhibited to efficiently enact a
more focal goal. This is evident in many every-
day situations. Patiently listening to an in-law’s
insipid tale, volunteering time and resources to a
social cause, or remaining faithful in a long-term
relationship all constitute a social dilemma that
requires self-control of selfish impulses. And
in contrast with work on the nonsocial forms of
self-control (Cohen and Lieberman 2010), evi-
dence about the underlying neural mechanisms
of self-control in social decision making has only
recently begun to emerge. Researchers have con-
sequently combined neuroscience methods with
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social interaction games to elucidate the com-
plexities of this unique mental ability displayed
in a social context.

We had two aims in writing this chapter. The
first was to outline research on self-control in
social decision making with a particular focus
on research that converges on a seemingly com-
mon neural substrate—the lateral prefrontal
cortex (PFC). The second aim was to review
newly developing opportunities and challeng-
es unique to this field. Thus, we first outline
the combination of neuroscience methods and
social interaction games in researching self-
control in social decision making (Sect. 15.2).
We then examine functional magnetic reso-
nance imaging (fMRI) and transcranial mag-
netic stimulation (TMS) research from three
social decision-making domains—norm com-
pliance, costly punishment, and moral decision
making—that all highlight the involvement of
the lateral PFC in self-control in social deci-
sions (Sect. 15.3). Research is then reviewed
in which neural traits, such as baseline cortical
activation in the lateral PFC, explain sources of
individual differences in self-control capacity
(Sect. 15.4). We then examine how basic neu-
robiological processes involved in stopping a
motor response appear to be involved in self-
control in social decision making (Sect. 15.5).
Finally, key research questions are discussed to
help further research that investigates the pro-
cesses that allow people to maintain and realize
stable goals in a dynamic and often uncertain
social environment (Sect. 15.6).
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15.2 Examining Self-Control in
Social Decision Making:
Neuroscience and Social
Interaction Games

Neuroscience methods can help reveal the
neurobiological systems that implement social
behaviors (for a review, see Rilling and San-
fey 2011). The researcher can both image and
modulate brain activity to provide a unique win-
dow into neural processes that mediate decision
making and choice. Self-control in social deci-
sion making is thus well suited to neuroscience
methods. Because self-control is the process
in which thoughts, emotions, or prepotent re-
sponses are inhibited to efficiently enact a more
focal goal (Thaler and Shefrin 1981), success-
ful self-control processes are not directly ob-
servable. Researchers have been forced to infer
self-control from other theoretically relevant
variables. For example, response-inhibition pro-
cesses are often inferred from failures to inhibit
a response (e.g., number of errors committed)
or the speed of correct responses. Such indirect
measures, however, can fail to differentiate be-
tween patients who have poor self-control, i.c.,
those characterized by a disinhibited pathology,
and healthy controls (e.g., Kemner et al. 1996;
Karayanidis et al. 2000). Neuroscience methods
allow the researcher to directly image and even
modulate brain processes that underlie self-con-
trol.

Similarly, social interaction paradigms have
certain features that make them ideally adaptable
to the study of self-control in social decisions.
First, most games involve a cost. That is, par-
ticipants must sacrifice, often money, to behave
in certain ways. For example, in the ultimatum
game (UG), one player (often called the propos-
er) is given a sum of money (or points that will
be exchanged for money at the end of the game)
and must decide how much to share with another
player (i.e., the responder). The responder can
either accept the offer or reject it and ensure both
players get no money at all. Thus, the responder
can punish the proposer for an unfair offer, but
at a personal cost. In comparison to hypothetical

scenarios or questionnaires, behaviors in these
social interaction games have real, easily quan-
tifiable consequences. Additionally, social inter-
action paradigms are highly malleable. They are
readily and precisely modified to suit different
research questions or to operationalize a num-
ber of social phenomena; for example, games in
which each trial involves a new interaction part-
ner controls for reputational concerns. Games
that involve repeated trials with the same inter-
action partner elucidate longer term, iterative
social processes. Anonymity, cost, reputation,
etc. are all precisely manipulated within the so-
cial interaction paradigm.

Together, these features equip the researcher
with a set of tools with which to examine self-
control in social decision making. Behaviors in
social interaction paradigms involve a direct con-
flict between selfish actions and actions that ben-
efit others. Combining social interaction games
that involve a social dilemma with neuroscience
methods thus provides a paradigm that can pre-
cisely operationalize self-control in a social con-
text and discern the underlying neural processes.
We focus our chapter on research that has used
social interaction paradigms like the UG and
brain stimulation techniques that allow causal
inferences about the neural mechanisms of self-
control. These studies reliably point to the lateral
PFC.

15.3 Self-Control in Social Decision
Making: The Lateral PFC

Observations of patients with PFC lesions were
the first to suggest that the PFC may play a criti-
cal role in self-control in a social context. In gen-
eral, frontal PFC lesions were associated with
poorer social behavior (Damasio 1996; Shallice
and Burgess 1991; Stuss and Benson 1986). For
example, patients with PFC lesions demonstrate
socially inappropriate behavior and personal-
ity disturbances associated with impulsiveness
(Tranel et al. 2002; Clark et al. 2003). Such
findings indicate that the PFC may be involved
in self-control abilities. However, it is difficult
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to experimentally test this hypothesis in lesion
patients under controlled conditions. Moreover,
lesion studies often have a low number of pa-
tients and the possibility of functional reorgani-
zation after brain lesions may cast doubt on the
interpretation of the results (Rorden and Karnath
2004).

Functional neuroimaging has been used to
extend lesion research by noninvasively mea-
suring brain activity in healthy individuals dur-
ing social decision making. These studies have
provided critical correlational evidence on PFC
involvement in self-control in social decision
making (e.g., Sanfey et al. 2003; Spitzer et al.
2007). Imaging methods, however, do not allow
causal inferences to be made about changes in
brain activity or mental processes. A direct in-
vestigation of causal brain—behavior relation-
ships requires controlled modulation of brain
activity with direct measurement of changes in
behavior. One method that allows such an inves-
tigation is TMS. TMS noninvasively increases
or decreases cortical excitability in targeted
brain regions by pulsed magnetic fields through
a contiguous scalp location. If TMS is applied at
a low frequency for several minutes, the func-
tion of a stimulated area can be temporarily
disrupted (Robertson et al. 2003), producing a
kind of “transient lesion” in the healthy brain.
The behavioral impact of disrupting this region
can then be observed. Using TMS, researchers
have begun to examine whether modulation of
prefrontal brain functioning impacts self-control
in healthy individuals. In the next section, we
review evidence from different social situations
that require self-control, including norm compli-
ance, costly punishment, and moral dilemmas,
first in adults (Sect. 15.3.1) and second in sam-
ples from across the life span (Sect. 15.3.2). This
evidence converges to demonstrate the impor-
tance of the lateral PFC. Note, we use the term
lateral PFC to refer to both dorsolateral and ven-
trolateral regions. Certainly, somewhat different
regions of the lateral PFC may be activated in
the separate studies. However, we provide an
inclusive, rather than divergent, overview of re-
search grounded by the consistent involvement
of the lateral PFC.

15.3.1 Evidence in Healthy Adults
15.3.1.1 Norm Compliance

The threat of punishment is an important factor
in norm compliance (Boyd et al. 2003; Fehr and
Gichter 2002). For example, when there is no
threat of punishment, people are generally more
selfish, whereas when the threat of punishment
looms, people are more cooperative and giving,
e.g., more compliant with the norm for fairness
(Fehr and Géchter 2002). To avoid punishment
for norm violation, then, people must implement
self-control to override selfish interest. Spitzer
et al. (2007) used fMRI to examine the neural
mechanisms associated with such norm compli-
ance under the threat of punishment. In this study,
participants played as a proposer in a social in-
teraction game that was required to split a sum
of money with a playing partner (the responder).
There were two conditions; one in which the pro-
poser could be punished by the responder and
another where he or she could not be punished.
During these interactions, participants’ brain
activity was measured with fMRI. The authors
found that in comparison to the nonpunishment
condition, the punishment condition -elicited
greater activation in the left and right lateral PFC
and this activation correlated with the degree to
which participants increased their offers under
the threat of punishment. Because the threat of
punishment prompts increased compliance with
the norm for fairness, the authors suggested that
lateral PFC activation represented increased self-
control implemented to override the impulse to
keep the money and make a low offer.

Norm compliance is not merely enacted to
avoid punishment, however. Social rewards can
also motivate normative behavior. Reputation,
for example, is a kind of social currency accrued
over time by engaging in actions valued by the
group, particularly those that comply with norms.
These behaviors that garner reputation are often
costly. That is, they signal to other people that the
individual is willing to sacrifice in order to coop-
erate or reciprocate trust in a social interaction.
Though defection or breaking trust may be more
rewarding in the short term, a good reputation is
more beneficial over the long term. Reputation
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building thus requires self-control as people must
forego immediate selfish temptations for the
longer-term payoff of favorable social standing.
Because reputation building does indeed involve
self-control, one would expect that this ability in-
volves the lateral PFC. To examine whether the
lateral PFC was causally involved in reputation
building, Knoch et al. (2009) conducted a brain
stimulation study with TMS. In this study, par-
ticipants played a modified trust game in which
they could return or not return money to an inves-
tor. There were two game conditions, a reputation
condition in which the investor could see prior
decisions made by the participant and an anony-
mous condition in which no interaction history
was visible. Thus, building a good reputation of
trustworthy behavior would increase the likeli-
hood that the investor would transfer money in
the reputation condition, thereby increasing the
participant’s payoff. Participants were randomly
assigned to one of the three TMS conditions,
right lateral PFC disruption, left lateral PFC
disruption, and a sham TMS condition. Results
showed that right lateral PFC disruption caused a
decrease in returning the investment when inter-
action history was visible, even though partici-
pants across TMS conditions were still equally
aware of the benefits of building a good reputa-
tion. Thus, right lateral PFC disruption specifi-
cally antagonized the ability to resist the tempta-
tion to keep the money.

15.3.1.2 Costly Punishment

As demonstrated by the Spitzer et al. (2005)
study, the threat of punishment guides norm com-
pliance. Costly punishment—the degree to which
people sacrifice personal resources to reprimand
norm violators—is central to maintaining social
norms. People are willing to sanction wrong
doers at their own expense. Delivering costly
punishment thus requires self-control in order to
overcome the self-interested choice of keeping
personal resources. This social dilemma is neatly
captured by the UG. In this game, two people
interact, one as a proposer who is instructed to
offer the other person a division of real money,
the other as a responder who is instructed to
reject or accept the proposed division. A rejection

decision ensures that both parties get no money.
Thus, the responder can punish the proposer for
an unfair offer, but such behavior is costly. In
a landmark neuroimaging study, Sanfey et al.
(2003) examined costly punishment in the UG.
Participants played this game in the role of the
responder as brain activity was measured with
fMRI. The researchers found that unfair mon-
etary offers prompted rejection of the offer and
elicited left and right lateral PFC and anterior in-
sula activation (Sanfey et al. 2003). Knoch et al.
(2006) directly extended this evidence by ma-
nipulating activity in the lateral PFC with TMS.
As in the Sanfey et al. (2003) study, they had par-
ticipants act as responders in the UG. However,
subjects were randomly assigned to one of three
TMS conditions, right lateral PFC disruption, left
lateral PFC disruption, and a sham TMS control.
Knoch et al. found that right, but not left, lateral
PFC disruption caused a decrease in the rejection
of unfair offers. Because the rejection of unfair
offers involved losing money to enact normative
behavior, these results indicated that the right lat-
eral PFC implemented self-control to mute self-
ish concerns in favor of punishing the proposer
for unfair offers. This same effect of right lateral
PFC disruption on the rejection rates of unfair
offers has been demonstrated in separate stud-
ies (Baumgartner et al. 2011; van 't Wout et al.
2005) and with a different method used to modu-
late frontal activity (i.e., with transcranial direct
current stimulation, Knoch et al. 2008).

One might suggest, however, that the complex
processes of self-control in social decision-mak-
ing tasks involve a distributed neural network
and not just the lateral PFC. Neural imaging
identifies neural correlates but does not identify
causal roles of those brain regions. Brain stimula-
tion identifies causal relationships between brain
regions and decision making but does not iden-
tify changes to the broader neural network. How-
ever, if these two methods are combined, one
can overcome the separate limitations of each
method. That is, the researcher can examine how
modulated brain activity implements changes in
a neural network to cause the behavior of inter-
est. With this benefit in mind, Baumgartner et al.
(2011) combined TMS with fMRI to examine the
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effect of right and left lateral PFC disruption on
neural activity and costly punishment behavior.
Participants first had either the left or the right
lateral PFC disrupted and then played the same
UG in the role of the responder, during which
brain activity was measured. Results demonstrat-
ed that TMS of the right PFC disrupted recruit-
ment of the right lateral PFC to unfair offers and
increased acceptance rate of those unfair offers.
Additionally, participants who made more costly
punishment decisions to unfair offers showed in-
creased activation in and connectivity between
the right lateral PFC and the ventromedial PFC
after receiving an unfair offer. TMS over the right
lateral PFC, however, eliminated these effects.
By combining brain stimulation with brain imag-
ing, the authors identified a prefrontal network
consisting of the right lateral PFC and the ventro-
medial PFC as the drivers of costly punishment, a
social behavior that requires self-control.

15.3.1.3 Moral Decision Making

Moral choices are inherently social and would
appear to also require self-control. Tough deci-
sions must be made as emotions and opposing
moral values clash with cold, calculated logic.
Tassy et al. (2012) examined whether the right
lateral PFC was causally involved in moral di-
lemmas using TMS. Participants were randomly
assigned to either a right lateral PFC disruption
or sham TMS condition and then read scenarios
that required the participant to select one of two
outcomes that contrasted important moral values
(e.g., killing is wrong vs. letting innocent peo-
ple die is wrong). One option typically required
a morally wrong act that nevertheless caused a
much better outcome (i.e., a utilitarian choice).
Results demonstrated that compared to the sham
condition and to nonmoral decisions, TMS dis-
ruption of the right lateral PFC caused a reduction
in subjective utilitarian choices (but an increase in
objective utilitarian choices). In other words, dis-
rupting the right lateral PFC reduced the prefer-
ence to personally engage in difficult actions that
benefited more people (e.g., killing one person
to save many more lives). Although the authors
interpreted these findings as demonstrating that
right lateral PFC disruption knocked out the abil-

ity to integrate emotional information into the
decision-making process, these results also fit the
notion that the lateral PFC implements self-con-
trol to inhibit the automatic emotional reaction
to engage the choice that benefits more people
(e.g., save more people) but is personally costly
(e.g., engage in a difficult behavior to save more

people).

15.3.2 Evidence Across the Lifespan

Social decision making, and the ability to restrain
selfish choices, appears to develop throughout
childhood and adolescence (Garon et al. 2008)
in conjunction with a growing regard for others
(van den Bos et al. 2011). For example, chil-
dren increasingly share more over childhood
(Benenson et al. 2007), inequity aversion emerg-
es between the ages of 3 and 8 (Fehr et al. 2008),
and development shows a general trend from
marked selfish behavior to increased perspective
taking and relational concern (Steinberg 2009).
Recent efforts have begun to unravel the develop-
ment of self-control behavior by examining the
underlying cognitive or neuronal mechanisms.
Steinbeis et al. (2012) examined the develop-
ment of norm compliance in childhood by ex-
amining cortical activity and structure changes
associated with offers made in the UG versus
the dictator game (DG) in children ranging in
ages from 6 to 13. The DG is similar to the UG
in that a proposer decides how much money to
share with another person. However, in the DG,
the other person cannot accept or reject the pro-
poser’s offer. Functional and structural scans
were acquired to examine both brain activity and
anatomical differences associated with increased
norm compliance under the threat of punishment
(e.g., higher offers in the UG vs. the DG). Re-
sults showed that increasing age was associated
with both higher offers in the UG versus the DG
and greater activity elicited in the lateral PFC
when making offers in the UG compared to in
the DG. Moreover, this lateral PFC activity was
correlated with larger offers under the threat of
punishment. Similarly, cortical thickness in the
left lateral PFC was also correlated with the same
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shift to higher offers in the UG compared to the
DG. Thus, younger children appeared less able
to engage the lateral PFC to implement control
over tempting selfish desires under the threat of
punishment.

Van den Bos et al. (2011) examined adoles-
cent neural development and trust reciprocation
in three different groups chosen based on key
developmental stages, a 12—-14 group, a 15-17
group, and an 18-22 group. Participants played
a modified trust game in the role of a trustee as
fMRI was acquired during the game. Participants
could return or keep an investment made by an
investor under conditions of low or high risk. A
high-risk investment thus signaled greater trust
in the participant to return the money, a signal
that could be reciprocated by returning the in-
vestment. Thus, under high risk, self-control was
required to override the selfish impulse to keep
all of the money in order to reciprocate trust and
return the investment. Results showed that par-
ticipants reciprocated more as age increased. Ad-
ditionally, among the 18-22 group, right lateral
PFC activation predicted increased reciprocity.
These findings demonstrate that increasing en-
gagement of the lateral PFC across adolescence
is associated with prosocial behavior in social
decision making.

As compared to the increase in self-control
across childhood and adolescence, in old age
there is a general decline in self-control and a
decline in PFC function and structure (Dempster
1992). Moreover, there is evidence that reduced
self-control in older adults appears to be specifi-
cally attributable to changes in lateral PFC func-
tioning (Sharp et al. 2006). In a review article,
von Hippel (2007) directly related the reduced
self-control that is associated with aging to defi-
cits in social conduct. Older adults, who show
deficits in nonsocial self-control, such as inhibit-
ing nonrelevant stimuli to efficiently implement
motor or vocal responses, show more overt preju-
dice against minorities, display increased socially
inappropriate behavior, and show poorer regula-
tion of social emotions (von Hippel 2007). Given
that previous research has associated self-control
decline with the lateral PFC, whether or not these
social deficits are specifically due to atrophy in

or disruption of the lateral PFC is an intriguing
open question in need of future study.

In any case, evidence across the life span gen-
erally corroborates the evidence from healthy
adults that the lateral PFC is integral in imple-
menting self-control in social decision making.
Specifically, the development of the lateral PFC
over the life span tracks and predicts the devel-
opmental trajectory of self-control in social con-
texts.

15.4 Neural Traits Explain Individual
Differences in Self-Control
Capacity

One person struggles with sexual temptations,
another person effortlessly resists the same en-
ticement. One person keeps a cool comport under
social stress, another is mercurial under the same
pressure. One person shows seemingly bound-
less consideration for other people, another per-
son shows little to no regard for others. People
appear to have stark differences in the capac-
ity for self-control across social contexts. But
from where do these differences originate? To
answer that question, the neural trait approach
holds unique promise (Nash and Knoch in press).
A neural trait may be defined as a quantifiable
brain-based characteristic that is stable over time.
In the field of social neuroscience, most studies
that have employed the neural trait approach
have focused on the characteristics of brain struc-
ture, using anatomical MRI, or resting-state brain
activity, using electroencephalography (EEG) or
fMRI. Generally, the neural trait approach in-
volves indexing task-independent, brain-based
differences and examining whether these indices
predict behavior or psychological processes of
interest. Neural traits can explain how and why
people display a remarkable amount of vari-
ance in self-control capacity in social choices.
The neural trait approach carries with it a further
advantage. Because resting EEG and structural
MRI can be measured separately from behav-
ioral performance, researchers can then measure
behavioral performance in more ecologically
valid environments—that is, outside of the MRI
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scanner or without being hooked up to EEG elec-
trodes.

As such, given that the lateral PFC appears
integrally involved in implementing self-control
in social decision making, one might expect that
neural traits involving the lateral PFC might
explain sources of the significant heterogene-
ity found in costly punishment behavior. Knoch
et al. (2010) specifically explored this possibil-
ity by using resting-state EEG. Frequency-based
measures of resting-state EEG in healthy adults
are stable, heritable, and unique to the individual
(Dunki et al. 2000; Napflin et al. 2007). In fact,
patterns of baseline cortical activation appear
idiosyncratic as they can predict who the indi-
vidual is at up to a 99 % recognition rate (Dunki
et al. 2000; Népflin et al. 2007), suggesting that
baseline cortical activation powerfully captures
individual differences in characteristic neural
function, akin to identifying a “neural finger-
print.” In the Knoch et al. (2010) study, partici-
pants first had resting-state EEG measured. After
that, participants played the role of the responder
in the UG. A whole-brain correlational analysis
between source-localized baseline EEG activity
and costly punishment behavior revealed that
the costly punishment behavior was predicted
by baseline cortical activation in the right lateral
PFC. That is, higher baseline cortical activation
in this area predicted higher levels of costly pun-
ishment behavior. Moreover, this baseline corti-
cal activation explained approximately 50% of
the variance in costly punishment, demonstrating
the potential power of the neural trait approach.
Thus, based on fMRI and TMS research in which
the lateral PFC was integral in implementing
self-control to enact costly punishment, these
findings are consistent with the idea that resting-
state activation in the lateral PFC reflects self-
control capacity.

Individual differences in self-control capacity
may also be examined by assessing potential ge-
netic contributions (e.g., Boettigger et al. 2007;
Kuhnen and Chiao 2009). The intermediate phe-
notype model holds that genes impact behavior
through neural mechanisms (Meyer-Lindenberg
and Weinberger 2006). To be an effective, brain-
based intermediate phenotype, certain criteria

have been articulated, such as the characteristics
of stability and heritability (Gottesman and Gould
2003; Green et al. 2008; Kanai and Rees 2011).
Baseline cortical activation and brain anatomy
are both highly stable and heritable in healthy
adults, as noted above. Neural traits are thus
ideal intermediate phenotypes. As an example,
Gianotti et al. (2012) employed the intermedi-
ate phenotype approach in examining delay dis-
counting—the degree to which people overlook
or “discount” future rewards in favor of smaller,
sooner rewards, depending on the amount of
delay of the future reward. Delay discounting has
direct relevance to self-control and social con-
duct (Beck and Triplett 2009; Casey et al. 2011;
Mischel et al. 2011; Reimers et al. 2009). In this
study, participants were genotyped on the COMT
Vall58Met polymorphism, which has been as-
sociated with delay discounting in past research
(Boettiger et al. 2007; Paloyelis et al. 2010). Par-
ticipants also had resting EEG measured and then
completed a task in which they made a series of
decisions between smaller-sooner rewards and
later-larger rewards that differed in magnitude
and delay. Results demonstrated that participants
with more Val alleles (greater COMT activity
and lower dopamine levels in the PFC) exhibited
greater delay discounting. This effect was medi-
ated by the baseline cortical activation levels in
the lateral PFC: Higher numbers of Val alleles
lead to lower baseline activation in the left lateral
PFC which, in turn, biases choices toward greater
impatience. These findings thus converge with
the costly punishment findings to support the
idea that dispositional differences in the lateral
PFC might reflect differences in a general self-
control capacity.

15.5 Connecting Self-Control in
Nonsocial and Social Domains

To summarize the above research, it is apparent
that across correlational and causal research, at
different stages of development, the lateral PFC
is consistently involved in implementing self-con-
trol in social decision making in a variety of social
contexts. Given this, it is reasonable to assume that
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this brain area is a common mechanism for self-
control in social decision making. However, self-
control is invoked across a wide range of other,
nonsocial, regulatory processes, including motor
inhibition, delaying gratification, and inhibiting
cognitions or emotions (Heatherton 2011). Fur-
ther, self-control in one nonsocial domain can im-
pact self-control in subsequent, unrelated domains
(Berkman et al. 2011; Muraven and Baumeister
2000). Individual differences in self-control have
been shown to be relatively stable throughout the
life span and across a variety of situations (Casey
et al. 2011) and a range of psychopathological
disorders characterized by motor inhibition defi-
cits often co-occur with impulsive social con-
duct (Aron and Poldrack 2005; Heatherton and
Wagner 2011; Robbins et al. 2012).

Together, these studies further suggest that
self-control involves a common process across
social and nonsocial contexts, a notion but-
tressed by cutting-edge neuroscience research.
Tabibnia et al. (2011), in a research paradigm
that used the neural trait approach, specifically
examined whether there were common anatomi-
cal substrates that could predict performance
in motor and affective control using structural
MRI. They found that gray matter volume in a
region in the right lateral PFC predicted both
better inhibitory control and better emotion
regulation. Berkman et al. (2009) found neu-
ral evidence of self-control “spill-over.” In this
study, participants completed an emotional Go/
NoGo task while brain activity was indexed
with fMRI. The Go/NoGo stimuli were faces
that were either male or female with positive
or negative emotion. Importantly, participants
only responded to gender to initiate or inhibit
a response. However, inhibiting a response
caused unintended reductions in emotion-relat-
ed brain activity. That is, engaging self-control
in a motor control task engaged the right lateral
PFC, caused unintended reductions in activa-
tion in the amygdala, and increased negative
connectivity between these regions. Thus, the
degree to which the lateral PFC was engaged
during motor control was associated with unin-
tended affect regulation. And in a recent review
of the neuroscience literature on self-control, it

was concluded that the self-control of motor re-
sponses, emotions, desires, and cognitions reli-
ably involve the right lateral PFC (Cohen and
Lieberman 2010). In sum, nonsocial and social
forms of self-control have been linked to the
same brain area. However, evidence for the link
between nonsocial and social forms of self-con-
trol is unclear.

To explore whether basic self-control pro-
cesses, such as motor-response inhibition, could
predict self-control in a complex social context,
Nash et al. (2013) had participants first complete
a Go/NoGo task as EEG was recorded. To index
motor control processes, two established electro-
physiological indices were measured: the NoGo
Anteriorization (NGA; Fallgatter and Strik 1999)
and peak amplitude of the NoGo-P300. Partici-
pants then played a social interaction game in
which they promised whether or not they would
return money to ostensibly real partners, but were
later given the opportunity to break that prom-
ise. Recall that a response requires self-control
if a prepotent impulse must be inhibited at the
decision point (Thaler and Shefrin 1981). The
game was designed to ensure that the prepotent
response was to follow through with the promise
to return money. Thus, the response that required
self-control was breaking the promise. Results
demonstrated that a larger NGA and larger No-
Go-P300 peak amplitudes both predicted more
broken promises. This study provides some of
the first evidence that connects nonsocial with
social forms of self-control.

15.6 Future Opportunities and
Challenges

This chapter has explored research that combined
neuroscience methods with social interaction
paradigms to discern the underlying processes
of self-control in social decision making. A note-
worthy feature is evident—one that has been
noted by several others (Cohen and Lieberman
2010; Frith and Singer 2008; Tabibnia et al.
2008)—in that self-control appears to involve a
common mechanism. The lateral PFC is involved
in the implementation of both nonsocial and



15 Self-Control in Social Decision Making: A Neurobiological Perspective

229

social forms of self-control. In the next section,
we consider the opportunities and challenges pre-
sented by these and other relevant findings.

15.6.1 Potential Applications

What, then, is the significance of the notion that
self-control, in both social and nonsocial do-
mains, appears to involve a common neural sub-
strate? We would suggest that exciting avenues
for future research are afforded, particularly if
such study draws upon findings from its par-
ent disciplines of neuroscience, behavioral eco-
nomics, and social psychology. For example, a
considerable amount of social psychological
research indicates that self-control is limited
in some fashion. Self-control can be temporar-
ily disrupted or exhausted through continued
use (Lopez et al. 2014, this volume, Chap. 4).
Prospective research could explore whether
training manipulations that boost basic forms
of self-control over the long term (Houben and
Jansen 2011; Klingberg 2010) could potentially
promote lasting improvements in the regula-
tion of social behavior. Additionally, a number
of psychopathological disorders are character-
ized by chronic self-control problems (Aron
and Poldrack 2005). As these disorders are often
comorbid with social difficulties (Robbins et al.
2012), this chapter further supports the idea that
diminished self-control may produce these social
deficits (Heatherton and Wagner 2011). As self-
control has been related to specific neural traits,
such as baseline cortical activation in the lateral
PFC (Knoch et al. 2010; Gianotti et al. 2012),
training manipulations of specific neural traits
might allow researchers to effect longer-lasting
changes to even the most complex of preferences
or decision-making behaviors, such as adherence
to social norms. For example, techniques such
as neurofeedback, meditation, or repeated prac-
tice of certain skills have the capacity to increase
baseline cortical activation or cortical volume in
specific brain regions (e.g., Ghaziri et al. 2013;
Lazar et al. 2005; Takeuchi et al. 2010). Using
these techniques, enduring neural changes could
be made to the lateral PFC structure and func-
tion, which could impact self-control capacity.

Such findings could improve social conduct and
perhaps aid efforts to understand predispositions
toward self-control deficits.

15.6.2 Self-Control for Selfish and
Prosocial Impulses

The classic example of self-control in social deci-
sion making is that of restraining base, selfish in-
stincts to enact prosocial behaviors. An overarch-
ing assumption has been that selfish impulses
are automatic first reactions, whereas prosocial
motives are second, requiring self-control to im-
plement, as demonstrated by the bulk of the re-
search reviewed above. However, certain studies
cast doubt on this assumption. For example, one
fMRI study demonstrated that accepting, and not
rejecting, unfair offers involves the lateral PFC
(Tabibnia et al. 2008). Similarly, another fMRI
study found that choosing to not cooperate with
an untrustworthy partner (a selfish behavior) ac-
tivates the right lateral PFC (Suzuki et al. 2011).
In these studies, the lateral PFC appeared to im-
plement self-control to mute prosocial impulses
to enact more egoistic choices. In a recent review
of these studies and the broader self-control liter-
ature, Zaki and Mitchell (in press) concluded that
such divergent evidence suggests that we should
explore not only whether prosocial impulses can
be prepotent but also the situational factors that
shift prosocial/selfish impulses into prepotency.
In line with this recommendation, we would
suggest (as others have, see Declerck et al. 2013;
Frith and Singer 2008; Zaki and Mitchell in
press) that in self-control in social decision mak-
ing, there is no one impulse that is universally
prepotent or “default.” Rather, what determines
a person’s prepotent impulse is personality and
the environment. Such a view adheres to classic
ideas in social and personality psychology (e.g.,
Lewin 1946) and can parsimoniously reconcile
the divergent and sometimes contradictory find-
ings explored above without the need to posit
some universal impulse. For example, recall that
Knoch et al. (2006) found that right lateral PFC
disruption caused increased acceptance of unfair
offers, whereas Tabibnia et al. (2008) found that
right lateral PFC activation was associated with
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increased acceptance of unfair offers. Rather than
claim that one study involved self-control and the
other did not, one could argue that self-control
was differentially employed due to individual or
situational differences.

We propose that preferences may determine
prepotency. Thus, people who require the most
self-control in social decision making are those
who have strong preferences that conflict with
the more focal goal. Conversely, people will not
need self-control to enact a goal that coincides
with a strong preference. For example, a person
with strong prosocial preferences should not need
self-control to act in a prosocial way, whereas a
strongly egoistic individual should need self-con-
trol to act in a prosocial way. If individual differ-
ences in preferences are critical in determining
whether self-control is involved in certain social
decisions, then effective measurement of such
preferences seems equally critical. Examples of
measures that may capture selfish and prosocial
preferences include measures of social value ori-
entation (Van Lange et al. 1997) and the Hones-
ty—Humility subscale of the HEXACO personal-
ity inventory (Ashton and Lee 2007).

Importantly, preferences are not immuta-
ble. The contours of the situation can shift and
augment personal preferences, even at implicit
levels (Bargh and Chartrand 1999). People be-
come more selfish in a competitive environ-
ment and more compassionate in a cooperative
environment (Bargh et al. 2001). For example,
merely displaying images of money or present-
ing symbols associated with money can make
people significantly more egoistic (Vohs et al.
2006). On the other hand, basic representations
of facial features elicit more cooperative behav-
ior in the DG (Rigdon et al. 2009). Given this,
it is plausible that mere differences in study
design, context, or sample could shift the pre-
potency of a given impulse (e.g., did the in-
structions emphasize winning/making money
or social, cooperative concerns? Is the sample
drawn from a hypercompetitive business school
or a progressive arts school?). Future research
should thus take into account the baseline pref-
erences and situational affordances in order to
determine which impulse is prepotent for whom

and thereby determine what behaviors require
self-control.

Preliminary neuroscience evidence for this
view of self-control can be found. Based on our
contention that whether self-control is required
or not is (partially) determined by individual
preferences, one might hypothesize that if an ac-
tion opposes a dominant preference, regardless
of what that preference is, then the individual
should require more self-control to engage in
that act. Rilling et al. (2007) conducted a study
in which brain activity was measured as par-
ticipants played a trust game. Participants were
grouped into high and low scoring on a psychop-
athy measure. Results showed that those low in
psychopathy tended to cooperate, whereas those
high in psychopathy tended to defect. Critically,
trials were also examined in which participants
acted against their preferred tendency. When low
psychopathy people defected and when high psy-
chopathy people cooperated, greater lateral PFC
activation was elicited. This is consistent with
the idea that acting against prepotent impulses,
regardless of the impulse type, required increased
self-control.

15.6.3 Other Brain Regions

We are careful to note that the lateral PFC is not
only involved in self-control and has been related
to a number of different processes. Additionally,
brain areas do not act in isolation. This should
be particularly true in the case of self-control in
social decision making because of the presum-
ably complex and abstract processes involved.
A neural network should be engaged. Research
does suggest additional brain regions. For ex-
ample, whereas the preponderance of evidence
suggests the right lateral PFC is the integral
structure in self-control, in some of the studies
above, the left was coactive with the right lateral
PFC or appeared more involved in self-control
than the right (Steinbeis et al. 2012). In addition
to the lateral PFC, response-inhibition activation
(NoGo vs. Go) has been related to activation in
the dorsomedial PFC and the anterior cingulate
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cortex (Brass and Haggard 2007; Fallgatter et al.
2002; Kuhn et al. 2009).

Future research could examine how modu-
lated brain activity implements changes in a
neural network to cause the behavior of interest.
The aforementioned Baumgartner et al. (2011)
study is a prime demonstration. In this study,
it was found that the right lateral PFC and the
ventromedial PFC showed increased activation
and connectivity after participants received an
unfair offer, though TMS over the right lateral
PFC disrupted this neural network. Because the
ventromedial PFC encodes the value of choice
options (Chib et al. 2009), the authors suggested
that the right lateral PFC implements self-control
by increasing the value of the normative decision
to reject unfair offers, which is processed in the
ventromedial PFC. These findings demonstrate
that the combination of correlational (fMRI) and
causal (TMS) neuroscience methods is capable
of precisely determining causal neural networks
of self-control in social decision making.

Conclusion

Historically, the study of self-control has been
most heavily researched in nonsocial domains,
including motor-response inhibition, memory
and thought suppression, and emotion regulation
(Aron and Poldrack 2005; Cohen and Lieberman
2010). Yet, social dilemmas confront us daily
and self-control is critically involved in decid-
ing between options that benefit ourselves and
options that benefit others. In this chapter, we
reported research in which neuroscience meth-
ods combined with social interaction paradigms
reveal the neural mechanisms of self-control in
social contexts. Moreover, it was revealed that
self-control in social decision making reliably in-
volves the lateral PFC, the same region involved
in a host of other nonsocial forms of control.
Such research highlights the potential for making
long-lasting changes to lateral PFC structure and
function, which could in turn change self-control
capacity and help researchers better understand
predispositions toward self-control problems
in social conduct. Future research can turn to

researching how individual differences and situ-
ational affordances interact to impact self-control
in social decision making.
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