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The neurobiology of social decision-making
James K Rilling1,2,3,4, Brooks King-Casas5,6,7 and Alan G Sanfey8
Humans live in highly complex social environments and some

of our most important decisions are made in the context of

social interactions. Research that probes the neural basis of

decision-making in the context of social interactions combines

behavioral paradigms from game theory with a variety of

methods from neuroscience. The neural correlates of decision

making in reciprocal exchange and bargaining games have

been probed with functional neuroimaging, transcranial

magnetic stimulation, and pharmacological manipulations.

These studies have begun to elucidate a set of brain regions

and neurotransmitter systems involved in decision-making in

social interactions.
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Introduction
Decisions made in social contexts can be almost reflexive

(should I be a good Samaritan?) or vexingly complicated

(how do I best negotiate a job offer?). Yet despite their

variety and difficulty, social decisions have much in

common with the typical reward harvesting problems

that have been the traditional focus of laboratory inves-

tigation. In both social and non-social dilemmas, pro-

blems can be represented as a set of states and actions

in which agents make transitions in order to move toward

states with greater associated reward, whether it be in the

currency of a food pellet or a job promotion.
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However, social decisions do differ in one important way:

Such decision-problems can be non-stationary in a very

specific sense: the value associated with one agent’s

action depends critically on the changing actions (and

mental states) of other social agents. Thus, a job candi-

date should make careful estimates about the likely

actions of a potential employer (likely actions given a

set of one’s own actions), when considering their next

move. In such social dilemmas, strategic decisions must

be tailored and updated to the particular mental state of

another.

Recent productive collaborations between neuroscien-

tists, psychologists and economists have led to a con-

certed effort to investigate the neural correlates of social

decision-making [1]. By combining a variety of neuros-

cientific methods with simple, but sophisticated tasks

derived from a branch of experimental economics known

as game theory, this research endeavor has already uncov-

ered some compelling findings with regard to the neural

bases of social decision-making.

Reciprocal exchange
One specific focus of game theory is to model reciprocal

exchange, in which an individual provides something of

value to a social partner with the expectation that the

recipient will reciprocate in the future. Although greed

and fear of exploitation threaten the stability of reciprocal

exchange, society as a whole is more productive when

reciprocity is thriving [2]. Typically, reciprocal exchange

is studied via the Trust, and closely related Prisoner’s

Dilemma, games. In the Trust Game (TG), a player (the

Investor) must decide how much of an endowment to

invest with a partner (the Trustee). Once transferred, this

money is multiplied by some factor (usually tripled or

quadrupled), with the Trustee then having the opportu-

nity to return all, some, or none of the amount back to the

Investor. If the Trustee honors trust, and returns money

to the Investor, both players can end up with a higher

monetary payoff than was originally obtained. However, if

the Trustee abuses trust and keeps the entire amount, the

Investor ends up with a loss. The well-studied Prisoner’s

Dilemma (PD) game is similar to the TG, except that

both players simultaneously choose whether or not to

trust each other without knowledge of their partner’s

choice.

There is considerable evidence to suggest that mesence-

phalic dopamine projections to the caudate nucleus are

involved in decision-making in the context of reciprocal

exchange, as in the TG and PDG. Single-cell recording

studies in monkeys have demonstrated that midbrain
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Figure 1

Brain activation during reciprocal exchange. (a) Ventral caudate activation for the contrast between partner reciprocation and non-reciprocation in an

iterated Prisoner’s Dilemma game, (b) head of caudate activation for the contrast between better than expected investments (positive reciprocity) and

worse than expected investments (negative reciprocity) received by a trustee in an iterated Trust Game. (Part a) (left) from: Rilling et al. [9]. (Right) from:

Delgado et al. [27]. (Part b) from: King-Casas et al. [7��].
dopamine neurons track reward prediction errors [3].

Unexpected rewards increase the firing rate of midbrain

dopamine cells, whereas the omission of expected

rewards decreases their firing rate. These reward predic-

tion errors provide a signal with which animals and

humans can learn about the reward value of stimuli in

their environment, thereby shaping decision-making [4].

Midbrain dopamine cells project to both ventral and

dorsal striatum, including the caudate nucleus, and acti-

vation in the human caudate nucleus is modulated as a

function of trial and error learning with feedback,

suggesting that the caudate nucleus may allow an organ-

ism to learn contingencies between its own responses and

either rewarding or punishing outcomes [5]. Several neu-

roimaging studies have demonstrated that the human

caudate tracks a social partner’s decision to reciprocate

or not reciprocate cooperation in the TG or PDG

[6��,7��,8�,9] (Figure 1). Specifically, reciprocated

cooperation activates the caudate nucleus, and unreci-

procated cooperation can deactivate this area, in line with

the reward prediction error described above. Additionally,
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caudate activation is associated with increased coopera-

tion or reciprocity in subsequent rounds [7��,8�]. These

findings suggest that the caudate may register social

prediction errors that then guide decisions about recipro-

city. Interestingly, these prediction error signals from

partner feedback can be blunted or even absent when

people base their decisions on factors other than those

gleaned through direct experience, such as the prior moral

reputations of social partners [6��]. That is, moral reputa-

tions lead to a discounting of feedback information from

social partners, demonstrating both top–down and bot-

tom–up influences on the neural basis of social coopera-

tion.

In the PDG, cooperation that is not reciprocated is

associated with robust activation of the anterior insula

in the cooperator [10�]. Non-reciprocators, along with

others who accept benefits without paying expected costs,

are known as ‘free-riders’. Many experiments have

demonstrated a widespread aversion to ‘free riders’, as

evidenced by people’s willingness to punish them at a
www.sciencedirect.com
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personal cost [11,12] and, more recently, by activation in

brain reward areas when people successfully punish free

riders or observe them receiving punishment [13��,14].

Activation in the anterior insula in response to unreci-

procated cooperation may be a neural correlate of the

aversive response to free riding, as the anterior insula is

responsive to both painful physical stimuli, as well as a

variety of negative social interactions, including social

exclusion [15], unfair treatment [16��], and observing a

loved one in pain [17]. The anterior insula is involved in

mapping physiological states of the body, including pain,

touch and visceral sensations of autonomic arousal [18–

21]. The right anterior insula, in particular, is thought to

be a cortical station for interoception that may play a role

in decision-making by instantiating valenced subjective

feeling states [22]. Finally, recent fMRI data implicate

right anterior insula in aversive conditioning [23], as well

as risk prediction and risk prediction errors [24]. Collec-

tively, these findings suggest that the anterior insula may

mark negative social interactions as risky and/or aversive

so that individuals learn to avoid such interactions in the

future. Indeed, functional connectivity between the

anterior insula and the lateral orbitofrontal cortex

(OFC) predicts subsequent defection by a player in

future interactions with the same non-reciprocating part-

ner. This finding is consistent with evidence that lateral

OFC is involved in the evaluation of punishing stimuli

that may lead to behavioral changes [25].

Of course, reciprocal altruism cannot be initiated or

sustained without trust. How does the human brain allow

us to trust others, overcoming our fear of betrayal and

aversion to risk and uncertainty? In a TG, intranasal

oxytocin (OT) infusion was shown to increase initial

monetary transfers by investors [26��]. Recent research

suggests that neuropeptides like OT cross the blood-

brain barrier after intranasal administration, implying

that these effects are due to OT’s action in the brain

[27]. Intranasal OT has recently been combined with

fMRI to assess its impact on the neural response to

threatening faces and scenes [28�,29], and on the neural

response during decision-making in a trust game [30��].
In both studies, compared with placebo, OT was associ-

ated with reduced amygdala activation, and in the trust

game, with increased behavioral expressions of trust.

These results are consistent with evidence that OT

reduces stress and anxiety [31,32], and that OT decreases

activity of central amygdala neurons in the rat [33]. This

study suggests one potential mechanism by which OT

could increase trust; by reducing anxiety about potential

non-reciprocation.

Finally, recent studies have examined the neural corre-

lates of altruistic behavior outside of reciprocal exchange,

in tasks where players must decide whether to donate

money to charitable organizations. In one study, the

decision to voluntarily donate real money to actual chari-
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Downloaded for Anonymous User (n/a) at University of New Me
For personal use only. No other uses without permission. C
table organizations was associated with activation in the

ventral striatum [34�]. In another, subjects showing stron-

ger ventral striatum activation to mandatory charity

donations were more likely to voluntarily give to the

charity when given a choice, whereas subjects showing

stronger ventral striatum activation to payments to them-

selves were less likely to voluntarily donate to the charity

[35�].

Bargaining
Bargaining games are another common focus of game

theory, with the family of Dictator and Ultimatum games

often used to examine responses to equality and inequal-

ity. In the Dictator Game (DG), one player (the Proposer)

decides how much of an endowment to award to the

second player (the Responder). Allocations in this game

measure pure altruism, in that the Proposer (usually)

sacrifices some personal gain to share the endowment

with their partner. The Ultimatum Game (UG) is a

variant which examines strategic thinking in the context

of two-player bargaining. In the UG, the Proposer and

Responder are also asked to divide a sum of money, with

the Proposer specifying how this sum should be divided

between the two. However, in this case the Responder

has the option of accepting or rejecting the offer. If the

offer is accepted, the sum is divided as proposed. How-

ever, if it is rejected, neither player receives anything. In

either event the game is over, that is, there are no

subsequent rounds in which to reach agreement. The

decision to reject an unfair offer is considered a form of

altruistic punishment because the Responder chooses to

receive no money rather than the amount offered by the

Proposer, presumably to punish the Proposer for making a

miserly offer.

Akin to reciprocated cooperation in trust games, receiving

a fair offer in the UG is associated with activation in brain

regions implicated in reward processing, including the

ventral striatum, even after controlling for monetary pay-

off [36�]. Receiving an unfair UG offer, on the other hand,

is associated with both negative emotions and activation

of the anterior insula [16��] (Figure 2). The anterior insula

response scales to the magnitude of unfairness, and is also

stronger when the subject is playing with another human

than when engaged with a computer partner. Addition-

ally, anterior insula activation predicts the player’s

decision to either accept or reject the unfair offer, with

rejections associated with significantly higher activation

than acceptances [16��,36�] (Figure 2). Separate measures

of emotional arousal support the hypothesis that feedback

from the viscera, registered in the anterior insula, influ-

ence decision-making in the UG game. An UG study

measuring skin-conductance responses, used as an auto-

nomic index of affective state, found higher skin con-

ductance activity for unfair offers, and as with insular

activation, this measure discriminated between accep-

tances and rejections of these offers [37].
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Figure 2

(a) Activated brain regions in response to receiving an unfair (vs. fair) offer in the Ultimatum Game, (b) ratio of anterior insula to dorsolateral prefrontal

cortex activation in response to unfair offers as a function of whether the offer was accepted or rejected. From: Sanfey et al. [41].
Unfair UG offers are also associated with activation in

dorsolateral prefrontal cortex (DLPFC) [16��] (Figure 2).

DLPFC has long been recognized as critically involved in

cognitive control, including cognitive control over

emotions [38]. Recent studies suggest its specific invol-

vement in overriding prepotent emotional biases, such as

when delaying gratification [39] or making utilitarian

decisions in the context of moral dilemmas [40]. In the

UG, subjects are more likely to accept unfair offers when

DLPFC activation exceeds anterior insula activation

[16��]. This has led to the hypothesis that Ultimatum

Game decisions, and difficult social decisions more gener-

ally, may involve competition between emotional proces-

sing and higher-level controlled or deliberative

processing that bias decision-making in opposite ways

[41]. Emotional processes are driven by subcortical, lim-

bic and paralimbic structures, whereas the deliberative

processes rely on anterior and dorsolateral regions of

prefrontal cortex, as well as areas of posterior parietal

cortex. Further evidence in support of a role for DLPFC

in social decision-making is provided by studies showing

that application of repetitive transcranial magnetic stimu-

lation (rTMS) to DLPFC influences decision-making in

the Ultimatum Game [42�,43�].

Both ethnographic [44] and experimental evidence have

shown that some people will only uphold fairness norms

under threat of punishment [12]. Thus, sensitivity to the

threat of punishment is an important motive for norm-
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abiding behavior in some people. In a recent fMRI

study [45��], subjects were imaged while playing two

different games. In one game, which resembles a DG,

player A received a monetary endowment that they

could distribute freely between themselves and another

player (player B). In this game, player B is a passive

recipient of player A’s monetary transfer. In another

game, player A again distributed a monetary endow-

ment between themselves and player B, however player

B could now choose to pay money to financially punish

player A after having been informed of player A’s

decision (for example, if player A proposed an unfair

distribution). Player A transferred substantially more

money to player B in the punishment compared with

the non-punishment condition. Those subjects who

showed the largest change in monetary transfer from

the non-punishment to the punishment condition also

showed the greatest increase in activation of the lateral

orbitofrontal cortex across conditions. Lateral OFC

motivates behavioral changes in response to punishing

stimuli [25]. This study suggests that lateral OFC

motivates norm-abiding decision-making in response

to the threat of punishment.

Psychopathology
While the methodological and theoretical approaches of

decision neuroscience have begun to uncover the neural

computations underlying multiagent interactions and

complex social phenomena [46�], they also provide an
www.sciencedirect.com
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Figure 3

Model of neurobiological influences on social decision-making.
opportunity to identify aberrant neural substrates under-

lying social pathologies. Much recent interest in devel-

opmental and adult psychiatry has focused on social

features of mental illnesses ranging from autism and

schizophrenia to borderline and antisocial personality

disorders. The social abnormalities associated with these

and other psychiatric illnesses confer tremendous burden

on the afflicted, and initial studies of such pathologies

have provided detailed accounts of biased processing of

social information (e.g. facial affect recognition and eye

gaze tasks) and abnormalities in processing social fictions

(e.g. ‘theory-of-mind’ tasks).

More recently the approaches detailed above have been

used to study social pathologies in active social inter-

actions. Building on previous work which identified

neural responses along the bank of cingulate cortex

corresponding to decisions made either by oneself or

one’s partner [47], a recent study used an active economic

exchange to examine agent-specific neural activations in a

cohort of autism spectrum disordered adolescents [48��].
This study identified a deficit in middle cingulate cortex

during the submission of subjects’ own decisions that

scaled parametrically with social deficits in autism. In

another study using a similar task, the iterated PDG,

subjects scoring higher on a measure of psychopathic

personality exhibited decreased activation in OFC when

choosing to cooperate and decreased activation in

DLPFC/rACC when choosing to defect, a pattern of
www.sciencedirect.com
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activation hypothesized to reflect prepotent emotional

biases for defecting [49].

Conclusion
Many of our most important decisions are made in the

context of social interactions. Recently, cognitive neu-

roscientists have begun to investigate the neural corre-

lates of social decisions using tasks derived from a branch

of experimental economics known as game theory. The

caudate nucleus, and likely the mesolimbic dopamine

system that projects to it, registers social prediction errors

that guide decisions about reciprocity. Visceral feedback

in response to negative social interactions, represented in

the anterior insula, influences decision-making in both

the PD and UG games. However, these bottom–up biases

can sometimes be overridden by top–down cognitive

control mediated by the prefrontal cortex. Decisions to

trust others are enhanced by oxytocin, which may dam-

pen the fear of betrayal by suppressing amygdala activity.

Activation in the ventral striatum seems to motivate

decisions to voluntarily donate money to charitable organ-

izations, whereas activation in lateral OFC motivates

norm-abiding decision-making in response to the threat

of punishment. Finally, social behavioral disorders are

associated with abnormalities in the neural substrates

supporting social decision-making. Future studies that

combine game theory and cognitive neuroscience will

continue to advance our understanding of the neural

bases of social decision-making (Figure 3).
Current Opinion in Neurobiology 2008, 18:159–165

xico from ClinicalKey.com by Elsevier on April 03, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.



164 Cognitive neuroscience
References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest

�� of outstanding interest

1. Sanfey AG: Social decision-making: insights from game theory
and neuroscience. Science 2007, 318:598-602.

2. Axelrod RM: The Evolution of Cooperation. New York: Basic
Books; 1984.

3. Schultz W: Predictive reward signal of dopamine neurons. J
Neurophysiol 1998, 80:1-27.

4. Montague PR, Dayan P, Sejnowski TJ: A framework for
mesencephalic dopamine systems based on predictive
Hebbian learning. J Neurosci 1996, 16:1936-1947.

5. O’Doherty J, Dayan P, Schultz J, Deichmann R, Friston K,
Dolan RJ: Dissociable roles of ventral and dorsal
striatum in instrumental conditioning. Science 2004,
304:452-454.

6.
��

Delgado MR, Frank RH, Phelps EA: Perceptions of moral
character modulate the neural systems of reward during the
trust game. Nat Neurosci 2005, 8:1611-1618.

Shows that reward prediction error signals during reciprocal exchange
can be blunted by prior reputation of a social partner.

7.
��

King-Casas B, Tomlin D, Anen C, Camerer CF, Quartz SR,
Montague PR: Getting to know you: reputation and
trust in a two-person economic exchange. Science 2005,
308:78-83.

Used hyperscanning fMRI to image the brains of two interacting partners
simultaneously during an iterated trust game. Activation of the trustee
caudate was related both to the reciprocity revealed by a partner’s
decision and also predicted one’s own behavioral response to the social
signal. Additionally, as the reputation of the social partner developed, the
caudate signal underwent a temporal transfer, consistent with prediction
error signals from reinforcement learning.

8.
�

Rilling JK, Gutman DA, Zeh TR, Pagnoni G, Berns GS, Kilts CD: A
neural basis for social cooperation. Neuron 2002, 35:395-405.

Used fMRI to image brain activation as subjects played an iterated
Prisoner’s Dilemma Game with human or computer partners. Recipro-
cated cooperation activated the anteroventral striatum and orbitofrontal
cortex, areas known to receive mesolimbic dopamine projections
involved in processing reward and reward prediction errors.

9. Rilling JK, Sanfey AG, Aronson JA, Nystrom LE, Cohen JD:
Opposing BOLD responses to reciprocated and unreciprocted
altruism in putative reward pathways. Neuroreport 2004,
15:2539-2543.

10.
�

Rilling JK, Goldsmith DR, Glenn AL, Jairam MR, Elfenbein HA,
Dagenais JE, Murdock CD, Pagnoni G: The neural correlates of
the affective response to unreciprocated cooperation.
Neuropsychologia 2008, 46:1256-1266.

Shows that unreciprocated cooperation is associated with activation of
the right anterior insula and that functional connectivity between right
anterior insula and the lateral orbitofrontal cortex predicts subsequent
defection by a player in future interactions with the same non-reciprocat-
ing partner.

11. Fehr E, Fischbacher U: The nature of human altruism. Nature
2003, 425:785-791.

12. Fehr E, Gachter S: Altruistic punishment in humans. Nature
2002, 415:137-140.

13.
��

de Quervain DJ, Fischbacher U, Treyer V, Schellhammer M,
Schnyder U, Buck A, Fehr E: The neural basis of altruistic
punishment. Science 2004, 305:1254-1258.

In this PET study, effectively punishing a non-reciprocating partner was
associated with activation in the caudate nucleus, a region implicated in
processing rewards that accrue as a result of goal directed actions.
Moreover, subjects with stronger activation in the dorsal striatum were
willing to incur greater costs in order to punish the partner more severely.

14. Singer T, Seymour B, O’Doherty JP, Stephan KE, Dolan RJ,
Frith CD: Empathic neural responses are modulated by the
perceived fairness of others. Nature 2006, 439:466-469.
Current Opinion in Neurobiology 2008, 18:159–165

Downloaded for Anonymous User (n/a) at University of New M
For personal use only. No other uses without permission
15. Eisenberger NI, Lieberman MD, Williams KD: Does rejection
hurt? An FMRI study of social exclusion. Science 2003,
302:290-292.

16.
��

Sanfey AG, Rilling JK, Aronson JA, Nystrom LE, Cohen JD: The
neural basis of economic decision-making in the Ultimatum
Game. Science 2003, 300:1755-1758.

Showed that receiving an unfair offer in the ultimatum game was asso-
ciated with activation in the anterior insula and dorsolateral prefrontal
cortex. Activation in the anterior insula scaled to the degree of unfairness
of the offer and was stronger for unfair offers from putative human vs.
computer partners. When activation in the anterior insula was stronger
than activation in DLPFC, subjects were more likely to reject than accept
unfair offers, whereas subjects were more likely to accept unfair offers
when DLPFC activation exceeded anterior insula activation.

17. Singer T, Seymour B, O’Doherty J, Kaube H, Dolan RJ, Frith CD:
Empathy for pain involves the affective but not sensory
components of pain. Science 2004, 303:1157-1162.

18. Critchley H, Elliot R, Mathias C, Dolan R: Neural activity relating
to the generation and representation of galvanic skin
conductance responses: a functional magnetic resonance
imaging study. J Neurosci 2000, 20:3033-3040.

19. Craig AD: How do you feel? Interoception: the sense of the
physiological condition of the body. Nat Rev Neurosci 2002,
3:655-666.

20. Craig AD: Interoception: the sense of the physiological
condition of the body. Curr Opin Neurobiol 2003,
13:500-505.

21. Critchley HD: Neural mechanisms of autonomic, affective, and
cognitive integration. J Comp Neurol 2005, 493:154-166.

22. Damasio AR: Descartes’ Error: Emotion, Reason, and the
Human Brain New York, GP: Putnam; 1994.

23. Seymour B, O’Doherty JP, Dayan P, Koltzenburg M, Jones AK,
Dolan RJ, Friston KJ, Frackowiak RS: Temporal difference
models describe higher-order learning in humans. Nature
2004, 429:664-667.

24. Preuschoff K, Quartz SR, Bossaerts P: Human insula activation
reflects risk prediction errors as well as risk. J Neurosci 2008,
28:2745-2752.

25. Kringelbach ML, Rolls ET: The functional neuroanatomy
of the human orbitofrontal cortex: evidence from
neuroimaging and neuropsychology. Prog Neurobiol 2004,
72:341-372.

26.
��

Kosfeld M, Heinrichs M, Zak PJ, Fischbacher U, Fehr E: Oxytocin
increases trust in humans. Nature 2005, 435:673-676.

Intranasal OT infusion was shown to increase initial monetary transfers by
investors in a trust game, but not in a non-social risk experiment.

27. Born J, Lange T, Kern W, McGregor GP, Bickel U, Fehm HL:
Sniffing neuropeptides: a transnasal approach to the human
brain. Nat Neurosci 2002, 5:514-516.

28.
�

Kirsch P, Esslinger C, Chen Q, Mier D, Lis S, Siddhanti S,
Gruppe H, Mattay VS, Gallhofer B, Meyer-Lindenberg A: Oxytocin
modulates neural circuitry for social cognition and fear in
humans. J Neurosci 2005, 25:11489-11493.

Compared with placebo, OT decreased activation in the amygdala to
fearful/threatening faces and scenes.

29. Domes G, Heinrichs M, Glascher J, Buchel C, Braus DF,
Herpertz SC: Oxytocin attenuates amygdala responses to
emotional faces regardless of valence. Biol Psychiatry 2007,
62:1187-1190.

30.
��

Baumgartner T, Heinrichs M, Vonlanthen A, Fischbacher U, Fehr E:
Oxytocin shapes the neural circuitry of trust and trust
adaptation in humans. Neuron 2008, 58:639-650.

Showed that intranasal OT administration is associated with both
increased trusting behavior and decreased amygdala activation during
decision-making in a trust game.

31. Heinrichs M, Baumgartner T, Kirschbaum C, Ehlert U: Social
support and oxytocin interact to suppress cortisol and
subjective responses to psychosocial stress. Biol Psychiatry
2003, 54:1389-1398.
www.sciencedirect.com

exico from ClinicalKey.com by Elsevier on April 03, 2018.
. Copyright ©2018. Elsevier Inc. All rights reserved.



Neurobiology of social decision-making Rilling, King-Casas and Sanfey 165
32. McCarthy MM, McDonald CH, Brooks PJ, Goldman D: An
anxiolytic action of oxytocin is enhanced by estrogen in the
mouse. Physiol Behav 1996, 60:1209-1215.

33. Huber D, Veinante P, Stoop R: Vasopressin and oxytocin excite
distinct neuronal populations in the central amygdala. Science
2005, 308:245-248.

34.
�

Moll J, Krueger F, Zahn R, Pardini M, de Oliveira-Souza R,
Grafman J: Human fronto-mesolimbic networks guide
decisions about charitable donation. Proc Natl Acad Sci U S A
2006, 103:15623-15628.

Showed that the decision to voluntarily donate real money to actual
charitable organizations was associated with activation in the ventral
striatum.

35.
�

Harbaugh WT, Mayr U, Burghart DR: Neural responses to
taxation and voluntary giving reveal motives for charitable
donations. Science 2007, 316:1622-1625.

Showed that subjects with stronger ventral striatum activation to man-
datory charity donations were more likely to voluntarily give to the charity
when given a choice, whereas subjects with stronger ventral striatum
activation to payments to themselves were less likely to voluntarily donate
to the charity.

36.
�

Tabibnia G, Satpute AB, Lieberman MD: The sunny side of
fairness: preference for fairness activates reward circuitry
(and disregarding unfairness activates self-control circuitry).
Psychol Sci 2008, 19:339-347.

Showed that receiving a fair offer in the UG is associated with activation in
brain regions implicated in reward processing, including the ventral
striatum, even after controlling for monetary payoff.

37. van’t Wout M, Kahn RS, Sanfey AG, Aleman A: Affective state and
decision-making in the Ultimatum Game. Exp Brain Res 2006,
169:564-568.

38. Miller E, Cohen J: An integrative theory of prefrontal cortex
function. Annu Rev Neurosci 2001, 24:167-202.

39. McClure SM, Laibson DI, Loewenstein G, Cohen JD: Separate
neural systems value immediate and delayed monetary
rewards. Science 2004, 306:503-507.

40. Greene JD, Nystrom LE, Engell AD, Darley JM, Cohen JD: The
neural bases of cognitive conflict and control in moral
judgment. Neuron 2004, 44:389-400.

41. Sanfey AG, Loewenstein G, McClure SM, Cohen JD:
Neuroeconomics: cross-currents in research on decision-
making. Trends Cogn Sci 2006, 10:108-116.

42.
�

Knoch D, Pascual-Leone A, Meyer K, Treyer V, Fehr E:
Diminishing reciprocal fairness by disrupting the right
prefrontal cortex. Science 2006, 314:829-832.
www.sciencedirect.com

Downloaded for Anonymous User (n/a) at University of New Me
For personal use only. No other uses without permission. C
Showed that disruption of the right dorsolateral prefrontal cortex (DLPFC)
by low-frequency repetitive transcranial magnetic stimulation substan-
tially reduces subjects’ willingness to reject their partners’ intentionally
unfair offers. The authors interpret this result to suggest that TMS renders
subjects less able to resist the economic temptation to accept these
offers.

43.
�

van’t Wout M, Kahn RS, Sanfey AG, Aleman A: Repetitive
transcranial magnetic stimulation over the right dorsolateral
prefrontal cortex affects strategic decision-making.
Neuroreport 2005, 16:1849-1852.

Found that reaction times for rejection of unfair ultimatum game offers
were prolonged after rTMS of the right DLPFC. However, reaction times to
fair ultimatum game offers were not prolonged, suggesting that right
DLPFC may play a role in strategic decision-making.

44. Sober E, Wilson DS: Unto Others – The Evolution and
Psychology of Unselfish Behavior. Cambridge, MA: Harvard
University Press; 1998.

45.
��

Spitzer M, Fischbacher U, Herrnberger B, Gron G, Fehr E: The
neural signature of social norm compliance. Neuron 2007,
56:185-196.

Results from this fMRI study suggest that lateral OFC motivates norm-
abiding decision-making in response to the threat of punishment.

46.
�

Hampton AN, Bossaerts P, O’Doherty JP: Neural correlates of
mentalizing-related computations during strategic
interactions in humans. Proc Natl Acad Sci U S A 2008,
105:6741-6746.

Formulated a computational model describing the capacity to mentalize
in games, and related different model components to activity in distinct
parts of a mentalizing neural network.

47. Tomlin D, Kayali MA, King-Casas B, Anen C, Camerer CF,
Quartz SR, Montague PR: Agent-specific responses in the
cingulate cortex during economic exchanges. Science 2006,
312:1047-1050.

48.
��

Chiu PH, Kayali MA, Kishida KT, Tomlin D, Klinger LG, Klinger MR,
Montague PR: Self responses along cingulate cortex reveal
quantitative neural phenotype for high-functioning autism.
Neuron 2008, 57:463-473.

Used hyperscanning fMRI to identify a ‘self’ eigenmode along the cingu-
late gyrus that is responsive to self responses in an iterated trust game,
and showed that high-functioning males with autism spectrum disorder
exhibit a severely diminished cingulate self response when playing the
game with a human partner.

49. Rilling JK, Glenn AL, Jairam MR, Pagnoni G, Goldsmith DR,
Elfenbein HA, Lilienfeld SO: Neural correlates of social
cooperation and non-cooperation as a function of
psychopathy. Biol Psychiatry 2007, 61:1260-1271.
Current Opinion in Neurobiology 2008, 18:159–165

xico from ClinicalKey.com by Elsevier on April 03, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.


	The neurobiology of social decision-making
	Introduction
	Reciprocal exchange
	Bargaining
	Psychopathology
	Conclusion
	References and recommended reading


