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Using functional MRI, we investigate the neural correlates of intrinsic versus extrinsic
motivation to cooperate by comparing people who differ in the personality trait Social
Value Orientation. Participants (n � 28) played several one-shot prisoner’s dilemma
games (offering weak cooperative incentives) and coordination games (offering strong
cooperative incentives) with anonymous partners while they were under the scanner.
Behavioral results indicate that proself individuals adjust their behavior toward more
cooperation when extrinsic incentives were present, while prosocials’ decisions are not
affected by game context. The neurological data is consistent with a priori developed
hypotheses regarding different behavioral strategies, and suggest that extrinsically
motivated proself strategies are driven by calculation and a situation-by-situation
approach. Increased activation was found in dorsolateral prefrontal cortex, posterior
superior temporal sulcus (STS), and precuneus. Intrinsically motivated prosocials’
strategies reflect norm compliance, routine moral judgment, and social awareness.
Increased activation was found in lateral orbitofrontal cortex, anterior STS, and inferior
parietal lobule.
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Much experimental research in different
scientific domains has been devoted to under-
standing the strategies people use in social in-
teractions. Often, these interactions are interde-
pendent, meaning that the outcome is uncertain
because it is determined by the combination of
strategies of all interacting partners. Under-
standing how cooperative decisions particularly
are made under uncertainty has been ap-
proached from different angles. Behavioral
economists are increasingly stressing the impor-

tance of heterogeneity of social preferences in
determining the aggregate outcome of social
interactions (Camerer & Fehr, 2006). Social
psychologists have long paid attention to the
fact that people vary in their tendencies to value
cooperativeness, and hence in their intrinsic
motives to behave cooperatively (see also Fehr
& Fischbacher, 2002). Specifically, they have
identified a stable personality trait, called Social
Value Orientation (SVO), referring to people’s
self- versus other regarding preferences (e.g.,
Van Lange, 2000). As this trait also reflects how
people evaluate interdependent outcomes for
self and others (Messick & McClintock, 1968),
it can be considered an important determinant of
cooperative motives, strategies, and choice be-
havior (Kollock, 1998; McClintock & Van
Avermaet, 1982). Much research (reviewed in
Bogaert, Boone, & Declerck, 2008) has indi-
cated that people with a prosocial value orien-
tation are intrinsically willing to cooperate in a
social dilemma, as long as their partners coop-
erate as well. Using the terminology of evolu-
tionary game theory, prosocials tend to rely on
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a “dove strategy,” opting for the mutually ben-
eficial outcome. On the other hand, people with
an individualistic or competitive orientation
(proselfs), tend to rely on a “hawk strategy,”
choosing to outperform the others and reap the
benefits for themselves. The experimental re-
search that has substantiated these differences
between prosocials and proselfs was often car-
ried out in game-theoretic settings. This has
revealed that prosocials are more likely to co-
operate by default in the well-known prisoner’s
dilemma game,1 while proselfs typically defect
(Bogaert, Boone, & Declerck, 2008). However,
proselfs can still be induced to cooperate when
there are extrinsic incentives that make cooper-
ation rewarding, as is the case in a coordination
game (also known as the assurance game, Stag
Hunt, or trust dilemma).2 Several authors have
suggested that only proselfs adapt their behav-
ior toward more cooperation in the coordination
game (CG) and more defection in a prisoner’s
dilemma (PD), while prosocials play a prison-
er’s dilemma as if it were a coordination game,
maintaining a high level of cooperation in both
games. They naturally transform the PD pay-off
matrix to a CG pay-off matrix (Acevedo &
Krueger, 2005; Simpson, 2004). In fact, this
was recently tested and corroborated in a series
of laboratory experiments (Boone, Declerck, &
Kiyonari, work in progress). These authors in-
vestigated 322 participants3 (48% prosocials
and 52% proselfs) playing both a one-shot PD
and CG game with a real interaction partner and
for real money. The order of PD and CG was
counterbalanced across participants. Prosocials
were found to cooperate significantly more in
both games compared to proselfs. While both
prosocials and proselfs cooperated more in the
CG than the PD, the proselfs showed a much
greater increase in cooperation levels (for
prosocials [n � 156]: 48% cooperation in PD
and 66% in CG, �2 � 9.55, p � .002; for
proselfs [n � 166], 20% cooperation in PD and
52% in CG, �2 � 36.8, p � .002).

To complement the abundance of behavioral
research on cooperation in social dilemmas
(e.g., the PD), researchers are beginning to un-
ravel the neural correlates of social decision
making (e.g., Rilling et al., 2008; Rilling et al.,
2002; Rilling, Sanfey, Aronson, Nystrom, &
Cohen, 2004a, 2004b). However, few studies
have looked at the impact of individual differ-
ences in personality on brain activation during

social decision making (but see Rilling et al.,
2007; Spitzer, Fischbacher, Herrnberger, Gron,
& Fehr, 2007, for exceptions). To better under-
stand the nature of cooperative decision making
in social interactions, we believe that a compar-
ative approach analyzing how the brains of in-
dividuals with opposing intrinsic social motives
process alternative extrinsic incentive structures
might be revealing. Therefore, in this study we
investigate the effect of the personality trait
SVO on social decision making in interdepen-
dent, uncertain situations. Because we know
that people with different social value orienta-
tions are differentially affected by extrinsic in-
centives, we compare the neural correlates of
decision making for prosocials and proselfs
while they are playing the two economic games
mentioned earlier: the PD with weak coopera-
tive incentives, and the CG with strong cooper-
ative incentives. A major aim of this study is to
investigate whether there are neural differences
between prosocials and proselfs that can ac-
count for the different strategies they use when
solving a social dilemma. We hope to substan-
tiate with fMRI that prosocials approach a so-
cial dilemma with intrinsic motivation (imply-
ing no difference in cooperation between PD
and CG), while proselfs approach a dilemma
with extrinsic motivation (leading them to co-
operate in CG and defect in PD).

Based on current knowledge of social dilem-
mas and the growing literature on the neural
basis of intrinsic and extrinsic motivators dur-
ing social and strategic decision making, we

1 The prisoner’s dilemma game is an economic game
with weak cooperative incentives, as it naturally provides a
temptation to free-ride on other’s cooperation, but at the risk
of losing potential gains from a mutually beneficial relation-
ship. Motives of fear and greed are both present: while
mutual cooperation is collectively the best choice, a greedy
person can always obtain a better outcome by defecting.

2 In contrast to the prisoner’s dilemma game, the struc-
ture of a coordination game holds strong cooperative incen-
tives, as the payoff from defection is reduced to or below the
level of the payoff from mutual cooperation. While decision
making still yields an uncertain outcome, the conflicting
motives of fear and greed are removed and the game be-
comes one of coordinating on each other’s decision. Typi-
cally, in line with the prediction of rational choice theory,
more mutual coordination on the most cooperative option is
found in coordination compared to prisoner’s dilemma
games (Kollock, 1998).

3 These data were obtained during three separate experi-
ments, the results of which are to be published elsewhere.
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have developed specific hypotheses with re-
gards to how brain activation might differ for
people with a prosocial versus a proself orien-
tation confronted with a social dilemma.

With respect to proselfs, we expect that their
calculative strategies, needed to adapt their be-
havior according to the highest payoff, corre-
spond with increased activity in the dorsolateral
prefrontal cortex (DLPFC). The DLPFC is typ-
ically active during tasks requiring increased
cognitive control and working memory (Carter
& van Veen, 2007; Krueger, Grafman, &
McCabe, 2008; E. K. Miller & Cohen, 2001;
Rilling et al., 2007; Weissman, Perkins, &
Woldorff, 2008). “Rational” decision making in
strategic, economic games was previously
shown to correlate with superior working mem-
ory (Devetag & Warglien, 2003).

With respect to prosocials, we expect in-
creased activation in regions of the temporo-
parietal junction that has previously been impli-
cated in moral or prosocial decision making.
Prosocials approach social dilemmas first and
foremost with social responsiveness, whereby
they aspire an equal outcome for themselves
and their partner. Compared to proselfs, proso-
cials are more concerned about the outcome for
others (Van Lange, 2000), and they also tend to
be more empathic (Declerck & Bogaert, 2008).
However, prosocials are not unconditionally al-
truistic; they are behavioral assimilators who
stop cooperating when they expect that it
will not be reciprocated (Bogaert, Boone, &
Declerck, 2008; Fehr, Fischbacher, & Kosfeld,
2005; Simpson, 2004). Accordingly, they tend
to have superior mentalizing skills to assess
trustworthiness and avoid betrayal (Declerck &
Bogaert, 2008). Therefore, we expect that the
decision making style of prosocials will be char-
acterized by both perspective taking and moral-
ity. Many studies that attempt to locate the
neural correlates of perspective-taking, theory
of mind, empathy, and moral judgment, have
pointed to the role of the superior temporal
sulcus (STS) (e.g., Borg, Hynes, Van Horn,
Grafton, & Sinnott-Armstrong, 2006; C. D.
Frith & Frith, 2006; U. Frith & Frith, 2001; U.
Frith & Frith, 2003; Fukui et al., 2006; Greene
& Haidt, 2002; Moll et al., 2007) and the infe-
rior parietal lobule (IPL) (see, e.g., Borg,
Hynes, Van Horn, Grafton, & Sinnott-Arm-
strong, 2006; Decety, Jackson, Sommerville,
Chaminade, & Meltzoff, 2004; C. D. Frith &

Frith, 2006; Greene & Haidt, 2002). The STS
region is involved in complex social behavior,
and was found to be particularly important with
respect to the ability to predict the next move in
a behavior sequence, an ability that is extremely
important in social exchanges (Fukui et al.,
2006). The STS is further described by Frith
and Frith (2003) as part of the mentalizing sys-
tem. Consistent with this, Rilling et al. (2004a)
found STS to be significantly more activated
when people played a PD game and an Ultima-
tum game against another person (the social
condition) compared to when they played the
same games against a computer (the asocial
condition). The IPL is specifically implicated in
distinguishing between actions by self and oth-
ers (Decety et al., 2004), and in moral judg-
ments that involve unintentional versus inten-
tional harm (Greene & Haidt, 2002; Moll et al.,
2007). We expect the STS/IPL regions to be
more active for intrinsically cooperative proso-
cials because for them, cooperation is a moral
decision which requires coordination between
their own behavior and the behavior of others to
reach a mutually desired outcome. Proselfs, on
the other hand, care less about the social or
moral aspect of the interaction as they tend to
focus solely on their own outcome.

Additionally, we expect prosocials to show
increased activation in regions associated with
norm-compliance when involved in a social ex-
change, as they are believed to have internalized
social norms associated with cooperation and
social responsibility (De Cremer & Van Lange,
2001). A study by Spitzer et al. (2007) spe-
cifically associated norm compliance with in-
creased activity in the lateral orbitofrontal
cortex. Activation in this region is thought to
prevent engaging in inappropriate, norm
transgressing behavior (Berthoz, Armony,
Blair, & Dolan, 2002). Similarly, Kringelbach
and Rolls (2004) report that damage to the
lateral regions of the orbitofrontal cortex early
in life results in behavioral conduct problems
that remain insensitive to corrective or norma-
tive influences.

A recent study by Li et al. (2009), is partic-
ularly relevant with respect to the hypotheses
we have formulated. These authors set out to
investigate with fMRI why introducing sanc-
tions in social interactions tends to have a det-
rimental effect on reciprocity. They hypothesize
that the presence of sanctions tends to crowd out
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the intrinsic motivation to be cooperative by
causing a perceptual shift from socially moti-
vated decision making to cognitive decision
making. Without sanctions, reciprocators in a
trust game are expected to engage in intrinsi-
cally motivated, norm-sensitive decisions.
However, the presence of sanctions leads to
calculative and utility-based decision making.
The results of the study show that norm-
sensitive decisions (reciprocating in an interac-
tion without sanctions) are associated with
increased activity in the lateral orbitofrontal
cortex, while utility-based decisions (recipro-
cating when sanctions are present) are associ-
ated with increased activity in the DLPFC. We
believe that the norm-sensitive decisions (in the
no-sanction condition) correspond to the intrin-
sic cooperative motivation of prosocials, while
the utility-based decisions (in the sanction con-
dition) correspond to the extrinsic cooperative
motivation of proselfs. In the study by Li et al.
(2009), DLPFC BOLD signals correlated nega-
tively with the individual’s willingness to coop-
erate (conceptualized as the ratio of actual vs.
maximum possible back payment), and hence
capture the Nash strategy in this trust game (Li
et al., 2009).

To summarize, in this study we expect to find
that proselfs show more activity in the DLPFC
(being more calculative and strategic). Proso-
cials, on the other hand, being more inclined
toward morality and the perspective of others,
and being more norm compliant, are expected to
show more activity in the STS, IPL, and in the
lateral orbitofrontal cortex. Additionally, we
will also explore whether the contrast between
prosocials and proselfs is moderated by the type
of game.

Materials and Method

Experimental Design

The study was conducted in a blocked design
with 3 different conditions, each one separated
by a brief rest: a prisoner’s dilemma, coordina-
tion, and control condition. The two games
make up the within-subject factor of our 2 � 2
factorial design.4 The between-subjects factor
consists of the proself or prosocial orientation of
the participants.

The two games were explained to partici-
pants as one single “investment game” (without

differentiating between the prisoner’s dilemma
and the coordination conditions) in which each
of two players is confronted with the choices to
invest or not, representing respectively the op-
tions to “cooperate” and “defect” described in
the introduction. Figure 1a and 1b represent two
possible decision pay-off matrices as shown
under the scanner. Rows correspond to the de-
cision of the participant (denoted “I”), and col-
umns correspond to the decision of the other
player (denoted by “person x”). The numbers in
each of the four boxes represent the partici-
pant’s pay-off for the combination of choices
made by him or herself and the other person.
The pay-off for the other person is shown in
parentheses. In the coordination game (Fig-
ure 1a), most points are earned if both the
participant (“I”) and the other player invest.
While a minimum of trust in the other player’s
decision is required, the knowledge that “in-
vest” yields the highest pay-off for one self as
well as for the other person forms an extrinsic
incentive to cooperate.

In the prisoner’s dilemma game (Figure 1b)
the extrinsic incentives are replaced by mixed
motives. In this case, “not investing” indicates
either that the player is greedy, hoping to benefit
from the other person’s investment, or that he or
she is afraid of betrayal. From an economic
viewpoint, “not investing” is the dominant re-
sponse (the Nash equilibrium): you win if the
other player invests, and you don’t lose any-
thing if the other player doesn’t invest. How-
ever, this option is collectively deficient, as the
best mutual outcome can only be reached if both
players invest. To avoid boredom or habituation
during the course of the experiment, the pay-
offs of the games were varied, yielding a total
of 4 different matrices for each game.

In the control condition5 participants viewed
a number and were asked to indicate whether
this was an even or an odd number. During the
periods of rest an empty matrix was shown.

4 The investigation of how the neural basis of social
decision making in interdependent situations differs in the
presence of weak (PD) versus strong (CG) extrinsic incen-
tives will be discussed in a separate paper.

5 For the sake of brevity, the contrasts between game
conditions and control conditions will not be presented in
this paper. Interested readers are welcome to contact the
corresponding author.
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Each block lasted for 30 s, during which 4
different matrices with the same game structure
(prisoner’s dilemma or coordination game)
were shown (or 5 different numbers for the
control condition). There were 7 cycles in
which blocks of all three conditions were ran-
domly alternated. Each block was always fol-
lowed by a 30 s resting period. The total scan-
ning time for acquiring the functional data
was 21 min.

Participants

Participants (n � 28) were recruited at the
University of Antwerp through e-mail and
Web-based announcements. Monetary incen-
tives were emphasized. All right-handed candi-
dates6 were asked to fill in two forms on our
Website, the first comprising a medical screen-
ing to make sure that they were suited to un-
dergo an MRI scan at 1.5 Tesla, and the other
one to determine their Social Value Orientation
(SVO) by means of the decomposed games
measure (Van Lange, 2000). Each of the 9 items
in this task contains three alternative outcome
distributions of points allocated to oneself and
to an anonymous other. The three possible out-
come distributions represent a particular orien-
tation. Upon completing the task, participants
can be classified as having a prosocial, individ-
ualistic, or competitive orientation when at least
six out of nine choices are consistent with one
of these three orientations. In our study, we only
selected those candidates who scored nine out
of nine for either the prosocial or the individu-

alistic orientation. We refer to the latter as the
“proself” orientation, which differs slightly
from conventional nomenclature where the in-
dividualistic and the competitive orientations
are often combined and called proself.

Candidates who were medically eligible to
participate in the fMRI study and who were
found to have a completely consistent SVO
were contacted by mail and invited to a scan-
ning session that took place in the summer of
2007 at the Antwerp University Hospital (Uni-
versitair Ziekenhuis Antwerpen [UZA], Ede-
gem). None of the participants had a history of
neurological or psychiatric illness, were on any
medication, or suffered from claustrophobia.
All candidates signed an informed consent form
before participating. Above procedures were
approved by the Commission of Medical Ethics
at the University of Antwerp.

Behavioral data were obtained for all partic-
ipants, but the data of two participants were
excluded from the behavioral analysis because
of a possible error in recording. The behavioral
data analysis thus included data from 26 partic-
ipants (14 prosocials and 12 proselfs, 13 men
and 13 women, mean age � 25 years, ranging
from 19 to 33 years). Because of technical prob-
lems with the scanner, the fMRI images of 4
participants were not measured correctly and

6 Candidates who indicated that they were ambivalent
about their handedness were asked to fill in a questionnaire
(translated and adapted from Oldfield, 1971). Based on this
assessment, one candidate was still allowed to participate in
the study.

Figure 1. Examples of each of the two game conditions used in the design as shown to the
subjects inside the scanner. Numbers in parentheses are points earned by the other player for
each possible outcome. The image of the bell reminds participants for which choice they
should push the button and for which they should not. The number above the matrix
corresponds to the partner with which the participant is coupled for this specific interaction.
(a) Coordination Game (b) Prisoner’s Dilemma Game.
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these subjects therefore had to be excluded from
the fMRI data analysis. One subject showed
unusually large ventricles, and this fMRI data-
set was therefore also excluded. Eventually, 23
participants (12 prosocials and 11 proselfs)
were included for the fMRI data analysis (13
men and 10 women, mean age � 24.1 year,
ranging from 19 to 33 years).

Procedures

Participants arrived at the hospital and were
told they would participate in a study investi-
gating which parts of the brain are involved
when making economic decisions. The written
experimental procedures explained that partici-
pants would be playing an investment game 56
consecutive times while under the scanner. For
each game they would be matched with a dif-
ferent partner who would be identified by a
number (see Figure 1a and 1b). They were to
make one single decision per game: to invest or
not. The combination of their decision and that
of their partner would determine how many
points were gained or lost for that particular
game. Each point had a real monetary value
of 10 Eurocents. Each participant’s earnings (or
losses) were added (or subtracted) to an ini-
tial 10 Euro show-up fee.

Participants were told that they would not
receive any feedback during the course of the
scanning session. After each trial, their decision
would be matched with that of their partner for
that trial, but the joint outcome would not be
revealed. At the end of the experiment they
would receive the amount of money corre-
sponding to the cumulative outcome of all the
interactions. Even if we emphasized that each
trial was a single interaction with a particular
individual, feedback might have still inadver-
tently influenced the participant’s decision on
the next trial. Therefore, we opted for a design
consisting of a series of one-shot interactions
with no feedback.

The instructions further explained that, for
practical reasons, not all the game partners
could be actually present in the laboratory,
but that these people had already (one by one)
gone through the same procedure at an earlier
time. The answers they had then given were
going to be used now and matched with the
answers of the current participant. In reality
participants’ answers were matched to a series

of random answers (50% cooperation and 50%
defection).

Subsequently, participants viewed a series of
photographs of their alleged future partners,
without any names or numbering to preserve
anonymity and to prevent that participants
would think back to a specific picture during the
actual experiment. Thus there was no way any-
one under the scanner could link the numbers
representing the different partners to actual peo-
ple. The numbers used in the actual games were
only meant to emphasize that every game was a
single social interaction with one of the individ-
uals they had previously viewed on the photo-
graphs. To add credibility to this procedure,
each participant was asked whether their picture
could be taken as well and used together with
their own answers to serve as partner for future
participants.

The written instructions included two prac-
tice-games with 16 control questions. After an-
swering all questions correctly, participants
played one last practice round on a laptop to
experience the decision time they would be
allotted during the actual experiment. The con-
trol and resting conditions were at that time also
explained.

For debriefing purposes, participants were
later contacted by mail and referred to a website
where the intent, results, and procedures of
the experiment in which they had participated
were fully explained.

fMRI Experiment

Participants lay down on the scanner table
and wore headphones to reduce the noise. Some
pressure was applied on the headphones by the
head coil, to minimize motion artifacts. A mir-
ror was mounted on top of the head coil, so that
participants could view the projections on a
screen positioned behind the scanner.

During the experiment, participants used a
push-button to indicate their decisions. These
answers were manually recorded and combined
with the answers of the alleged partners, which
were kept constant for every participant. The
average earnings comprised 20.59 Euro and did
not differ between the prosocial and the proself
groups.

After completing the fMRI experiment, sub-
jects filled in a translated and adapted version of
the General level of trust questionnaire from
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Yamagishi et al. (1986). The test comprises 6
questions that are scored on a 7-point Likert
scale. Cronbach � for this scale was 0.741.

Image Acquisition

First, anatomical images were acquired using
a 1.5 Tesla Siemens Sonata scanner and CP
head coil (Siemens, Erlangen Germany). A T1-
weighted MP-RAGE protocol was used (256 �
256 matrix, 176 1 mm sagittal slices, FOV � 256
mm). During the same session, functional images
were acquired using T2*-weighted EPI
(TR � 3,000 ms, TE � 50 ms, 384 � 384 image
resolution, FOV � 192 mm, 35 4 mm slices
without gap, voxel size � 3 � 3 � 4 mm).

Data Analysis

Image analysis was conducted with Brain-
Voyager QX (v 1.9.9, BrainInnovation, Maas-
tricht, The Netherlands). Images were prepro-
cessed by means of slice time correction using
sinc interpolation, 3D motion correction using
trilinear/sinc interpolation, space domain 3D
spatial smoothing with 4 mm FWHM Gauss-
ian kernel, temporal smoothing in 3D with a
high-pass filter of 3 cycles in time course, and
linear trend removal. An iso-voxel step re-
sized the functional voxels to a 3 � 3 � 3 mm
configuration. For spatial normalization of the
images, the standard 9 parameter landmark
method of Talairach and Tournoux, imple-
mented in BrainVoyager, was used (Talairach,
Tournoux, & Musolino, 1988).

For each participant, a general linear model
(GLM) was created with the percent BOLD
signal change as dependent variable, and with 9
regressors: the prisoner’s dilemma, coordina-
tion and control conditions, and 6 regressors
correcting for motion (translation and rotation,
each in 3 directions). All regressors were con-
volved with a standard gamma model of the
hemodynamic impulse-response function. Sub-
sequently, for every participant, at every voxel
in the brain, the effects of two regression coef-
ficients of interest, the PD and CG conditions,
were combined and one-sample t tests were
performed contrasting the proself group with
the prosocial group ((PD � CG)proselfs � (PD �
CG)prosocials).

The whole-brain statistical map was cor-
rected for multiple comparisons using cluster

size thresholding. The initial voxel-level (un-
corrected) threshold was set at p � .005. Then
thresholded maps were submitted to a whole-
brain correction criterion based on the estimate
of the map’s spatial smoothness. After a proce-
dure of 1,000 iterations (Monte Carlo simula-
tion) for estimating cluster-level false-positive
rates, a minimum cluster-size threshold of 135
anatomical voxels, that yields a cluster-level
false-positive rate of 5%, was applied to the
statistical maps (Forman et al., 1995; Goebel,
Esposito, & Formisano, 2006).

For the main contrast between proselfs and
prosocials, not one region survived the stringent
multiple comparisons correction. Because we
had a priori hypotheses regarding specific brain
regions that would be detected in this contrast,
we followed the procedures of studies by Li et
al. (2009), Van Opstal et al. (2008), and Wright
et al. (2008) and removed the cluster threshold,
accepting contrast values as significantly differ-
ent from zero when p � .005. To verify that
none of the clusters we identified in this manner
would turn out to be a false positive, we per-
formed additional ROI analyses on every cluster
for which we developed a hypothesis in the
introduction. ROI analyses revealing clusters
with significant contrast values increase our
confidence that the activation reflects a main
effect of SVO.

In the whole brain analysis, we noted a large
cluster of activation (122 voxels) in the precu-
neus, a region that has regularly been implicated
in social cognition and self-referencing tasks
(Cavanna & Trimble, 2006). Because these
functions may be important with respect to the
SVO construct, we include this cluster in sub-
sequent ROI analyses.

Results

Behavioral Data

Our behavioral results are illustrated in Figure 2.
We analyzed the data in panel form (n � 26
individuals � 56 decisions) using binary logis-
tic regressions with robust standard errors. Co-
operative behavior is regressed on SVO and
game type (cooperative behavior � 1, proso-
cial � 1, coordination game � 1, 0 otherwise),
controlling for different payoff matrices. First,
consistent with previously published results, the
behavioral data obtained from our sample
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showed more cooperation in the coordination
than in the prisoner’s dilemma game
(� � 0.8362; p � .00, one-tailed) (e.g., Erev,
Bornstein, & Galili, 1993; Harrison & Hirshle-
ifer, 1989; Kiyonari, Tanida, & Yamagishi,
2000; Simpson, 2004). Second, unlike ex-
pected, prosocials did not show significantly
more overall cooperation compared to proselfs.
While the small sample size makes it difficult to
reach statistical significance, there may also be
an underlying reason for the relatively low co-
operation rate of prosocials in this particular
study. As explained in the introduction, proso-
cials’ intrinsic motivation to cooperate is con-
ditional on trust and their expectations that their
cooperative acts will be reciprocated (Bogaert,
Boone, & Declerck, 2008). This particular lab-
oratory setting, having to solve social dilemmas
in a clinical environment and inside an MRI
scanner, might have had reverse effects on
prosocials’ general trust that in turn could in-
terfere with their intrinsic cooperative motiva-
tion. Therefore, we tested if the cooperative
decisions of prosocials were moderated by their
general level of trust. Indeed, the interaction
between SVO and general trust reaches signif-
icance (� � 0.5662; p � .07, one-tailed), indi-
cating that prosocials with greater trust are more
cooperative. This result is consistent with the
study of Boone, Declerck, and Kiyonari (2010,
N � 322) indicating that prosocials’ coopera-
tive behavior is strongly affected by both their
generalized level of trust and experimentally

induced trust.7 Finally, as expected, proselfs
adapt their behavior more according to game
type: we found an interaction effect between
SVO and type of game, showing that proselfs
(but not prosocials) cooperate more in the co-
ordination game compared to the prisoner’s di-
lemma (� � �0.5566; p � .056, one-tailed).

fMRI Data

For the contrast between prosocials and pro-
selfs, the hypotheses that we developed in the
introduction were specifically tested. As pre-
dicted, the whole brain analysis (without mul-
tiple comparisons corrections [see also Van
Opstal, Verguts, Orban, & Fias, 2008; Wright et
al., 2008]) reveals more activation for proselfs
in the DLPFC, more specifically in BA 9. Un-
like predicted, proselfs also show more activa-
tion in the temporo-parietal junction (BA 39)
and in the precuneus. Among prosocials there is
also more activation at the temporo-parietal
junction, more specifically in the anterior STS
(BA 22) and IPL (BA 40). We also find more

7 An alternative hypothesis was presented by one of the
reviewers, suggesting that prosocials might cooperate less
because they stop cooperating because of the lack of (co-
operative) feedback. To test this, we investigated whether
there was an interaction effect between SVO and trial num-
ber on cooperation. This was not the case. The level of
cooperation did not decline more along the course of the
experiment for prosocials than for proselfs. Neither did
prosocials cooperate more in the first round of PD games.
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Figure 2. Percentage of cooperative decisions made by proselfs and prosocials in PD and
CG. Overall there is more cooperation in the CG (Z � 4.63 with p � .001). We additionally
found an interaction effect between SVO and type of game showing that proselfs (but not
prosocials) cooperate more in CG compared to PD (Z � �1.56 with p � .056). The main
effect of SVO did not reach significance. PD � Prisoner’s Dilemma; CG � Coordination
Game.
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activation of the lateral orbitofrontal cortex (BA
10) in prosocials. The results of this analysis are
shown in the left side of Table 1.

The ROI analysis (right side of Table 1)
corroborates the whole-brain analysis and thus
indicates that the detected clusters are all clus-
ters likely to be regions of activation relevant
for the main effect of SVO. With this ROI
analysis we included an ANOVA to test for
possible interactions between type of game and
SVO. None of the ROIs, however, showed a
significant interaction effect. We acknowledge
that this procedure has recently been challenged
by some fMRI researchers because the data on
which both analyses are based are not indepen-
dent. Kriegeskorte et al. (2009) describe how
such selective analysis may distort the results
because of noise in the data. Specifically, “over-
fitting” an ROI occurs when voxels at the fringe
of a cluster are incorrectly included. By simu-
lating a block-design fMRI experiment at p �
.01, the authors found that the distortion lead to
spurious statistically significant results for ROI
contrasts 9 out of 100 times. Kriegeskorte et al.
further report that the magnitude of possible
distortions depends on many factors. Especially
complex models including many parameters,
testing linear classifiers rather than contrasting
ROIs, and high resolution fMRI, cause the data

to be prone to overfitting. Constraints regular-
izing the data selection, such as spatial smooth-
ing, reducing the number of selection channels,
and the spatial contiguity of the voxels of inter-
est, on the other hand, can reduce a model’s
effective complexity and reduce the distortion.
Thus, while our design made use of noninde-
pendent selective analysis, we believe we lim-
ited the distortion effect by the fact that we
tested a simple model (2 parameters) at p �
.005, that we contrasted contiguous ROIs, that
we spatially smoothed the data during our pre-
processing procedures, and that we collected the
data with a small number (8) of channels.

Discussion

The aim of our study was to understand how
the brains of individuals with different social
orientations respond to social exchanges under
uncertainty. To accomplish this, an fMRI study
was performed to test specific hypotheses. We
investigated which brain regions were active
when individuals with opposing cooperative
motives played two economic games: a prison-
er’s dilemma and a coordination game. With
this, we hoped to identify fundamental neural
differences between people with a prosocial
versus a proself social value orientation that

Table 1
Main Effect of Social Value Orientation on Decision Making in Social Dilemmas (Proselfs vs. Prosocials)

Region BA Side X Y Z Size t(21)

ROI analysis
(Pse-Pso)

t(21) p

Frontal lobe
Superior frontal gyrus 9 L �8 57 31 22 3.800 3.960 �0.001

10 R 27 60 2 16 �3.805 �3.338 0.003
Temporal lobe

Superior temporal gyrus 22 L �56 3 �2 34 �4.281 �2.951 0.007
R 48 2 �2 10 �3.589 �3.833 �0.001

Parietal lobe
Inferior parietal lobule 40 L �52 �34 31 62 �3.662 �4.018 �0.001
Angular gyrus 39 R 52 �60 31 5 3.318 3.243 0.004
Precuneus 7 R 4 �57 41 122 3.650 3.309 0.003

Note. Left side of table: A priori defined regions for which differences between prosocials (Pso) and proselfs (Pse) are
expected (see introduction) and coordinates of clusters of activation found in these regions through whole brain multi-
subject GLM analysis with contrast Proself-Prosocial (t(21), uncorrected, p � .005). Right side of the table: ROI analysis
(see text for details). t(21) � t values from student t test with 21 df; Positive t values refer to more activation in proselfs
compared to prosocials, negative t values refer to more activation in prosocials than proselfs; p � p value; BA � Brodmann
Area; L � Left; R � Right; X, Y, Z � Talairach coordinates of mean voxel of cluster; size � number of 1 mm3 voxels;
SVO � social value orientation. Scores from whole-brain analysis are taken from the peak voxel of the cluster; scores from
ROI analysis represent the mean for each cluster.

19THE NEURAL BASIS OF SOCIAL VALUE ORIENTATIONS



could account for their different strategies in
social interactions.

Our behavioral and fMRI results are in line
with our expectations regarding the influence of
individual differences in SVO on cooperation.
Our behavioral data was consistent with recent
findings on SVO indicating that the difference in
cooperative decision making between the prison-
er’s dilemma and the coordination game is espe-
cially pronounced for individuals with a proself
orientation (Boone, Declerck, & Kiyonari, work
in progress). This fundamental behavioral differ-
ence lead us to hypothesize that proselfs are strat-
egizers, calculating maximum pay-offs for each
game, while prosocials are norm complying and
approach each game with a moral consideration of
the outcome for others. We performed ROI anal-
yses on a priori defined brain regions to look for
support of these hypotheses.

For proselfs, we found clusters of increased
activation (compared to prosocials) in the
DLPFC (BA 9), a region that has previously
been associated with conceptual and calculative
reasoning processes, mentalizing about the self,
and rational decision making (Fukui et al.,
2006; E. K. Miller & Cohen, 2001; Sanfey,
Rilling, Aronson, Nystrom, & Cohen, 2003;
Stuss & Levine, 2002; Weissman, Perkins, &
Woldorff, 2008). This result supports the view
that proselfs are especially interested in positive

outcomes for themselves, and that they ap-
proach the games in a calculative and strategic
manner. An additional ROI was found to be
more activated in the proselfs in the temporo-
parietal junction (BA 39) touching on the pos-
terior STS (see right panel of Figure 3), a region
that is often implicated in perspective taking
(Fukui et al., 2006). Although this was not the
direction in which we expected STS to be acti-
vated, it is, in retrospect, not surprising that
perspective taking would be important to pro-
selfs as well. After all, it is because proselfs
understand the point of view of the other player
that they realize that a coordination game yields
a cooperative advantage. The insight that the
other player irrevocably benefits from coopera-
tion in a coordination game prompts proselfs to
cooperate more in this game.

An unexpectedly large cluster of activation in
the precuneus was also observed for proself
individuals. This finding too is in retrospect not
too surprising, considering what is so far known
about this structure. Cavanna and Trimble have
reviewed the functional anatomy and behavioral
correlates of the precuneus, and conclude that it
contributes significantly to a variety of higher
order cognitive functions. Especially the ante-
rior portion of the precuneus (where we find the
cluster of activation) has been implicated in
social cognition tasks differentiating between a

Figure 3. Significant clusters of activation in whole-brain random effects analysis contrast-
ing proselfs and prosocials (Pse-Pso) after removing cluster size threshold ( p � .005). Color
bar denotes t values. Left: the contrast showed more activity in the right anterior superior
temporal sulcus (STS) (BA 22) in prosocials than proselfs (encircled) (sliced at x � 48).
Right: touching on the right posterior STS (BA 39) there was more activity in the proself
group compared to the prosocials (encircled) (sliced at y � �61). t(21) � t values from student
t test with 21 df; Sag � Sagittal view; Cor � Coronal view; A � Anterior; P � Posterior; L �
Left; R � Right.
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first and third person perspective (Cavanna &
Trimble, 2006). Especially interesting are stud-
ies that show that the precuneus is more acti-
vated when processing self-relevant (compared
to irrelevant) information (Kircher et al., 2000),
and that it is specifically involved in processing
intentions that are related to the self (den
Ouden, Frith, Frith, & Blakemore, 2005).
Therefore, our results suggest that proselfs may
show more precuneus activity when solving a
social dilemma because they intentionally
weigh the outcome of their decision with refer-
ence to what is best for themselves.

For prosocials, our hypothesis regarding
norm compliance was confirmed by clusters of
activation in the lateral OFC. This region has
been associated with the subjective representa-
tion of punishment, as well as with norm com-
pliance (Berthoz, Armony, Blair, & Dolan,
2002; Kringelbach & Rolls, 2004; Spitzer, Fis-
chbacher, Herrnberger, Gron, & Fehr, 2007).
Spitzer et al. (2007) also found greater activa-
tion of the lateral OFC in a social economic
game when players where complying to a co-
operative norm because of a punishment threat.
This is consistent with behavioral data suggest-
ing that for prosocials, norm compliance and/or
the threat of social punishment (guilt or shame),
are automatic, internalized processes that sur-
face during decision making in social interac-
tion (Nelissen, Dijker, & de Vries, 2007).

As predicted, clusters of increased activation
in prosocials were further found in the IPL (BA
40) and the STS (BA 22). The finding that the
IPL (BA 40) is more activated in prosocials
compared to proselfs may reflect their greater
moral awareness during decision making. Like
Walter et al. (2005), Borg et al. (2006) associate
BA 40 with the ability to evaluate one’s sense of
agency with a sense of moral responsibility. The
STS is commonly considered to be part of the
mentalizing and perspective taking network
(e.g., Borg et al., 2006; Decety, Jackson, Som-
merville, Chaminade, & Meltzoff, 2004; U.
Frith & Frith, 2003; Fukui et al., 2006; Greene
& Haidt, 2002; Rilling, Sanfey, Aronson, Nys-
trom, & Cohen, 2004a). Fukui et al. (2006)
associate this region with “higher cognitive
functions needed in social interaction.”

The unexpected finding that different regions of
the STS are activated in prosocials compared to
proselfs is particularly interesting considering re-
cent reports on the functional differentiation of the

STS (Borg et al., 2006, p. 811). In our study, only
the anterior STS was more activated in prosocials,
while the posterior STS was in fact more activated
in proselfs (activation patterns of both anterior and
posterior STS are illustrated in Figure 3). This is
consistent with Borg et al.’s notion that “the pos-
terior STS may play a preferential role in thought-
provoking first time moral judgment that requires
executive resources, whereas the anterior STS
may be more involved in previously resolved rou-
tine moral judgment that requires more semanti-
cally based representational knowledge.” This dif-
ferentiation between posterior and anterior STS is
consistent with the strategies we have so far de-
scribed for proselfs and prosocials. Proselfs use
more cognitive, calculative strategies to solve any
dilemma, and they decide by figuring out “hic und
nunc” incentive structures. Therefore, they must
analyze every single game as a situation requiring
a “first-time” decision. Prosocials, however, fol-
low their intrinsic motivation throughout the series
of games without paying much attention to exter-
nal incentives. Their decision making strategy is
characterized by routine moral judgment, which is
reflected in their pattern of STS activation.

The fact that the proself-prosocial contrasts
did not depend on the type of game (no signif-
icant interaction effects in our fMRI data) un-
derscores that people with different intrinsic
motives approach social interactions in funda-
mentally different ways. When confronted with
a social dilemma, the incentive structure does
not alter the underlying neural network during
decision making. We believe that a substantial
contribution of this work therefore consists of
confirming that there does not necessarily have
to be a one to one relationship between brain
activity and attitude or behavior (G. Miller,
2008). The finding that prosocials activate parts
of “the moral brain” (IPL, STS) when they are
confronted with a social dilemma situation,
does not necessarily mean that they will actually
cooperate more in that situation. The activation
of these parts of the brain merely indicates that
the perception of social interaction has a differ-
ent connotation to them compared to proselfs.
Their actual cooperative decision will further be
moderated by other inputs, such as their assess-
ment of trust signals. Likewise, the activation of
calculative regions in the brains of proselfs
when they are confronted with a social dilemma
does not necessarily mean they will always de-
fect. In fact, the cognitive control associated
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with DLPFC has been suggested to be one of
the requirements in the evolution of cooperation
(Stevens & Hauser, 2004). This is consistent
with our behavioral data, which shows that pro-
selfs did cooperate as much as prosocials in the
current experiment (in part because of proselfs’
high cooperation rate in the CG that provides
explicit cooperative incentives). The one con-
clusion we can draw is that proselfs use a more
calculative way of processing information that
is relevant during social exchanges. We infer
that DLPFC is activated to process the presence
or absence of external incentives.

Our interpretation of the data is compatible
with other fMRI research on individual differ-
ences in emotion processing, indicating that
similar stimuli may evoke different neural re-
sponses in people with different personalities
(Canli et al., 2001; Hutcherson, Goldin, Ramel,
McRae, & Gross, 2008). Furthermore, similar
behavioral responses may also be associated
with different neural responses, depending on
personality. For example, people scoring high
or low on psychopathy tend to have reversed
patterns of activity in the DLPFC and OFC
when making cooperative or defect decisions
(Rilling et al., 2007).

A major limitation of this study, however, is
that we identify ROI based on the results of a
whole brain analysis of the same dataset. There-
fore, we acknowledge that the data we present
need to be interpreted with caution. However, as
our findings underscore what is so far known
about the link between brain and behavior for
different decision making strategies, we believe
this study forms a good starting point for further
investigation. Future studies that look into the
neural differences accounting for different be-
havioral strategies of prosocials and proselfs
may eventually confirm or amend the current
findings. Another limitation is that we have only
addressed a fraction of possible a priori hypoth-
eses, and there may be numerous other differ-
ences between prosocials and proselfs that we
did not consider in our ROI’s. Finally, because
we preferred to use a block design for address-
ing fundamental differences between two per-
sonality types, we cannot draw any conclusions
about actual cooperative decisions. Future re-
search could investigate how the neural corre-
lates of cooperative (vs. defect) decision mak-
ing differ for proselfs versus prosocials.

Conclusion

In conclusion, the imaging data presented in
our study suggest that people with opposing
social motives (“hawks” and “doves”) may rely
on fundamentally different strategies to solve
problems related to social exchanges, as their
brains show different patterns of activation. In-
dividual differences in social value orientation
appear to be an additional influence on the de-
cision making process in prisoner’s dilemma
and coordination games. Proselfs are especially
concerned with their own outcome and ap-
proach the games in a calculative manner (ac-
tivating the precuneus and the DLPFC, respec-
tively). Relying on such a “hawk” strategy, they
are very sensitive to the presence of either ex-
ternal incentives or mixed motives, and calcu-
late how to best adapt their behavior according
to the game structure. In this experiment pro-
selfs indeed adjusted their decisions according
to the game type. Prosocials, on the other hand,
perceive both games as similar social interac-
tions in which each time a mutually beneficial
outcome is their most desirable option. Consis-
tent with other fMRI reports on social interac-
tions and moral judgments, this appears to
activate the IPL and STS. Furthermore, their
decision making style appears more norm com-
pliant (activating lateral OFC). People with
such a “dove” strategy approach social ex-
change situations with a strong emphasis on
their internalized norms that surface during so-
cial interaction and with much less attention for
external incentives. This explains prosocials’
typical behavioral pattern, showing little or no
difference between decisions in a mixed motive
versus a coordination game.

References

Acevedo, M., & Krueger, J. I. (2005). Evidential
reasoning in the prisoner’s dilemma. American
Journal of Psychology, 118, 431–457.

Berthoz, S., Armony, J. L., Blair, R. J. R., & Dolan,
R. J. (2002). An fMRI study of intentional and
unintentional (embarrassing) violations of social
norms. Brain, 125, 1696–1708.

Bogaert, S., Boone, C., & Declerck, C. H. (2008).
Social value orientation and cooperation in social
dilemmas: A review and conceptual model. British
Journal of Social Psychology, 47, 453–480.

Boone, C., Declerck, C. H., & Kiyonari, T. (2010).
Inducing cooperative behavior among proselfs ver-

22 EMONDS ET AL.



sus prosocials: The moderating role of incentives
and trust. Manuscript submitted for publication.

Borg, J. S., Hynes, C., Van Horn, J., Grafton, S., &
Sinnott-Armstrong, W. (2006). Consequences, ac-
tion, and intention as factors in moral judgments:
An fMRI investigation. Journal of Cognitive Neu-
roscience, 18, 803–817.

Camerer, C. F., & Fehr, E. (2006). When does “eco-
nomic man” dominate social behavior? Science,
311, 47–52.

Canli, T., Zhao, Z., Desmond, J. E., Kang, E. J.,
Gross, J., & Gabrieli, J. D. E. (2001). An fMRI
study of personality influences on brain reactivity
to emotional stimuli. Behavioral Neuroscience,
115, 33–42.

Carter, C. S., & van Veen, V. (2007). Anterior cin-
gulate cortex and conflict detection: An update of
theory and data. Cognitive Affective & Behavioral
Neuroscience, 7, 367–379.

Cavanna, A. E., & Trimble, M. R. (2006). The pre-
cuneus: A review of its functional anatomy and
behavioral correlates. Brain, 129, 564–583.

Decety, J., Jackson, P. L., Sommerville, J. A., Chami-
nade, T., & Meltzoff, A. N. (2004). The neural
bases of cooperation and competition: An fMRI
investigation. Neuroimage, 23, 744–751.

Declerck, C. H., & Bogaert, S. (2008). Social value
orientation: Related to empathy and the ability to
read the mind in the eyes. Journal of Social Psy-
chology, 148, 711–726.

De Cremer, D., & Van Lange, P. A. M. (2001). Why
prosocials exhibit greater cooperation than pro-
selfs: The roles of social responsibility and reci-
procity. European Journal of Personality, 15, S5–
S18.

den Ouden, H. E. M., Frith, U., Frith, C., &
Blakemore, S. J. (2005). Thinking about inten-
tions. Neuroimage, 28, 787–796.

Devetag, G., & Warglien, M. (2003). Games and
phone numbers: Do short-term memory bounds
affect strategic behavior? Journal of Economic
Psychology, 24, 189–202.

Erev, I., Bornstein, G., & Galili, R. (1993). Construc-
tive intergroup competition as a solution to the free
rider problem: A field experiment. Journal of Ex-
perimental Social Psychology, 29, 463–478.

Fehr, E., & Fischbacher, U. (2002). Why social pref-
erences matter: The impact of non-selfish motives
on competition, cooperation and incentives. Eco-
nomic Journal, 112, C1–C33.

Fehr, E., Fischbacher, U., & Kosfeld, M. (2005).
Neuroeconomic foundations of trust and social
preferences: Initial evidence. American Economic
Review, 95, 346–351.

Forman, S. D., Cohen, J. D., Fitzgerald, M., Eddy,
W. F., Mintun, M. A., & Noll, D. C. (1995).
Improved assessment of significant activation in
functional magnetic-resonance-imaging (fMRI):

Use of a cluster-size threshold. Magnetic Reso-
nance in Medicine, 33, 636–647.

Frith, C. D., & Frith, U. (2006). The neural basis of
mentalizing. Neuron, 50, 531–534.

Frith, U., & Frith, C. (2001). The biological basis of
social interaction. Current Directions in Psycho-
logical Science, 10, 151–155.

Frith, U., & Frith, C. D. (2003). Development and
neurophysiology of mentalizing. Philosophical
Transactions of the Royal Society B-Biological
Sciences, 358, 459–473.

Fukui, H., Murai, T., Shinozaki, J., Aso, T., Fukuy-
ama, H., Hayashi, T., & Hanakawa, T. (2006). The
neural basis of social tactics: An fMRI study. Neu-
roImage, 32, 913–920.

Goebel, R., Esposito, F., & Formisano, E. (2006).
Analysis of Functional Image Analysis Contest
(FIAC) data with BrainVoyager QX: From single-
subject to cortically aligned group general linear
model analysis and self-organizing group indepen-
dent component analysis. Human Brain Map-
ping, 27, 392–401.

Greene, J., & Haidt, J. (2002). How (and where) does
moral judgment work? Trends in Cognitive Sci-
ences, 6, 517–523.

Harrison, G. W., & Hirshleifer, J. (1989). An exper-
imental evaluation of weakest link best shot mod-
els of public-goods. Journal of Political Econ-
omy, 97, 201–225.

Hutcherson, C. A., Goldin, P. R., Ramel, W., McRae,
K., & Gross, J. J. (2008). Attention and emotion
influence the relationship between extraversion
and neural response. Social Cognitive and Affec-
tive Neuroscience, 3, 71–79.

Kircher, T. T. J., Senior, C., Phillips, M. L., Benson,
P. J., Bullmore, E. T., Brammer, M., . . . David,
A. S. (2000). Towards a functional neuroanatomy
of self processing: Effects of faces and words.
Cognitive Brain Research, 10, 133–144.

Kiyonari, T., Tanida, S., & Yamagishi, T. (2000).
Social exchange and reciprocity: Confusion or a
heuristic? Evolution and Human Behavior, 21,
411–427.

Kollock, P. (1998). Social dilemmas: The anatomy of
cooperation. Annual Review of Sociology, 24, 183–
214.

Kriegeskorte, N., Simmons, W. K., Bellgowan,
P. S. F., & Baker, C. I. (2009). Circular analysis in
systems neuroscience: The dangers of double dip-
ping. Nature Neuroscience, 12, 535–540.

Kringelbach, M. L., & Rolls, E. T. (2004). The func-
tional neuroanatomy of the human orbitofrontal
cortex: Evidence from neuroimaging and neuro-
psychology. Progress in Neurobiology, 72, 341–
372.

Krueger, F., Grafman, J., & McCabe, K. (2008).
Neural correlates of economic game playing. Phil-

23THE NEURAL BASIS OF SOCIAL VALUE ORIENTATIONS



osophical Transactions of the Royal Society B-Bi-
ological Sciences, 363, 3859–3874.

Li, J., Xiao, E., Houser, D., & Montague, P. R.
(2009). Neural responses to sanction threats in
two-party economic exchange. Proceedings of the
National Academy of Sciences, USA of the United
States of America, 106, 16835–16840.

McClintock, C. G., & Van Avermaet, E. (1982).
Social values and rules of fairness: A theoretical
perspective. In V. J. Derlega & J. L. Grzelak
(Eds.), Cooperation and helping behavior: Theo-
ries and research (pp. 43–71). New York: Aca-
demic Press.

Messick, D., & McClintock, C. G. (1968). Motiva-
tional bases of choice in experimental games.
Journal of Experimental Social Psychology, 4,
1–25.

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

Miller, G. (2008). Growing pains for fMRI. Science,
320, 1412–1414.

Moll, J., de Oliveira-Souza, R., Garrido, G. J., Bra-
mati, I. E., Caparelli-Daquer, E. M. A., Paiva,
M., . . . Grafman, J. (2007). The self as a moral
agent: Linking the neural bases of social agency
and moral sensitivity. Social Neuroscience, 2,
336–352.

Nelissen, R. M. A., Dijker, A. J. M., & de Vries,
N. K. (2007). How to turn a hawk into a dove and
vice versa: Interactions between emotions and
goals in a give-some dilemma game. Journal of
Experimental Social Psychology, 43, 280–286.

Oldfield, R. C. (1971). Assessment and analysis of
handedness - Edinburgh inventory. Neuropsycho-
logia, 9, 97–113.

Rilling, J. K., Glenn, A. L., Jairam, M. R., Pagnoni,
G., Goldsmith, D. R., Elfenbein, H. A., & Lil-
ienfled, S. O. (2007). Neural correlates of social
cooperation and non-cooperation as a function of
psychopathy. Biological Psychiatry, 61, 1260–
1271.

Rilling, J. K., Goldsmith, D. R., Glenn, A. L., Jairam,
M. R., Elfenbein, H. A., Dagenais, J. E., . . . Pa-
gnoni, G. (2008). The neural correlates of the
affective response to unreciprocated cooperation.
Neuropsychologia, 46, 1256–1266.

Rilling, J. K., Gutman, D. A., Zeh, T. R., Pagnoni, G.,
Berns, G. S., & Kilts, C. D. (2002). A neural basis
for social cooperation. Neuron, 35, 395–405.

Rilling, J. K., Sanfey, A. G., Aronson, J. A., Nys-
trom, L. E., & Cohen, J. D. (2004a). The neural

correlates of theory of mind within interpersonal
interactions. Neuroimage, 22, 1694–1703.

Rilling, J. K., Sanfey, A. G., Aronson, J. A., Nys-
trom, L. E., & Cohen, J. D. (2004b). Opposing
BOLD responses to reciprocated and unrecipro-
cated altruism in putative reward pathways. Neu-
roreport, 15, 2539–2543.

Sanfey, A. G., Rilling, J. K., Aronson, J. A., Nys-
trom, L. E., & Cohen, J. D. (2003). The neural
basis of economic decision-making in the ultima-
tum game. Science, 300, 1755–1758.

Simpson, B. (2004). Social values, subjective trans-
formations, and cooperation in social dilemmas.
Social Psychology Quarterly, 67, 385–395.

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

Stevens, J. R., & Hauser, M. D. (2004). Why be nice?
Psychological constraints on the evolution of co-
operation. Trends in Cognitive Sciences, 8, 60–65.

Stuss, D. T., & Levine, B. (2002). Adult clinical
neuropsychology: Lessons from studies of the
frontal lobes. Annual Review of Psychology, 53,
401–433.

Talairach, J., Tournoux, P., & Musolino, A. (1988).
Anatomical stereotaxic studies of the frontal-lobe
in the management of the epilepsies. Epilepsia, 29,
205–205.

Van Lange, P. A. M. (2000). Beyond self-interest: A
set of propositions relevant to interpersonal orien-
tations. In W. Stroebe & M. Hewstone (Eds.),
European review of social psychology (Vol. 11,
pp. 297–331). New York: Wiley.

Van Opstal, F., Verguts, T., Orban, G. A., & Fias, W.
(2008). A hippocampal: Parietal network for learn-
ing an ordered sequence. Neuroimage, 40, 333–
341.

Walter, H., Abler, B., Ciaramidaro, A., & Erk, S.
(2005). Motivating forces of human actions: Neu-
roimaging reward and social interaction. Brain Re-
search Bulletin, 67, 368–381.

Weissman, D. H., Perkins, A. S., & Woldorff, M. G.
(2008). Cognitive control in social situations: A
role for the dorsolateral prefrontal cortex. Neuro-
image, 40, 955–962.

Wright, P., Albarracin, D., Brown, R. D., Li, H., He,
G. J., & Liu, Y. J. (2008). Dissociated responses in
the amygdala and orbitofrontal cortex to bot-
tom-up and top-down components of emotional
evaluation. Neuroimage, 39, 894–902.

Yamagishi, T. (1986). The provision of a sanctioning
system as a public good. Journal of Personality
and Social Psychology, 51, 110–116.

24 EMONDS ET AL.


