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Standard economic and evolutionary models assume that humans
are fundamentally selfish. On this view, any acts of prosociality—
such as cooperation, giving, and other forms of altruism—result
from covert attempts to avoid social injunctions against selfish-
ness. However, even in the absence of social pressure, individuals
routinely forego personal gain to share resources with others.
Such anomalous giving cannot be accounted for by standard mod-
els of social behavior. Recent observations have suggested that,
instead, prosocial behavior may reflect an intrinsic value placed on
social ideals such as equity and charity. Here, we show that, con-
sistent with this alternative account, making equitable interper-
sonal decisions engaged neural structures involved in computing
subjective value, even when doing so required foregoing material
resources. By contrast, making inequitable decisions produced ac-
tivity in the anterior insula, a region linked to the experience of
subjective disutility. Moreover, inequity-related insula response
predicted individuals’ unwillingness to make inequitable choices.
Together, these data suggest that prosocial behavior is not simply
a response to external pressure, but instead represents an intrin-
sic, and intrinsically social, class of reward.
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Standard models of decision making assume that humans act
to maximize personal gains. Fairness and altruism have long

presented a problem for this view, because humans frequently
forego personal gains by sharing resources with others (1, 2). The
principal attempt to resolve this paradox posits that what passes
as prosocial behavior actually reflects selfish attempts to protect
one’s reputation or avoid retribution. Because injustice is re-
ceived poorly by others (2), selfishly motivated individuals might
act prosocially simply to avoid negative social consequences
(3–5). On this view, societies must curtail selfishness actively
through sanctions against “cheaters,” threats of damage to one’s
reputation, and the continuous imposition of social norms (6–8).
Consistent with this account, magnifying the salience of extrinsic
motivators, such as the possibility of punishment or the impor-
tance of reputation, drastically increases overt displays of fair-
ness (1, 6). Further, equitable action in the presence of extrinsic
pressure is accompanied by engagement of neural structures
associated with inhibiting prepotent responses (9, 10), suggesting
that adhering to social principles such as equity requires over-
coming more basic, self-serving impulses.
A particular class of observations from game theory contra-

dicts this view. In the dictator game, actors divide resources
between themselves and others as they see fit, without the pos-
sibility of sanctions or reputation costs (11). Surprisingly, even in
the absence of such threats, the majority of participants share
significant amounts of money with anonymous others (12). Al-
though individuals can be induced to behave even more fairly
when extrinsic motivators are present, consistent nonzero rates
of giving in the absence of social pressure represent significant
anomalies within models of rationally selfish economic choice.
Because such anomalous giving cannot be explained ade-

quately within the standard model, we are forced to look for
additional sources of human prosociality. One alternative to
the standard model suggests that cooperation and altruism may

originate not in rational self-interest but in affective responses to
social behavior (5, 13). On this view, social principles—such as
fairness, reciprocity, and cooperation—have an intrinsic value of
their own that accompanies prosocial behavior (14, 15). That is,
although individuals undoubtedly value personal gain, they also
prize prosocial outcomes and feel a strong aversion to unfairness,
inequity, and selfishness. Increasing evidence in favor of this
viewpoint has emerged from recent human neuroimaging stud-
ies. A rich and growing body of neuroscientific research has
demonstrated reliably that activity in mesolimbic dopaminergic
targets—including the ventral striatum and orbitofrontal cortex
(OFC)—scales linearly with the subjective value of a wide variety
of reward types in both humans and other animals (16–19). Sev-
eral studies now have demonstrated that these same regions also
respond to observing prosocial action such as reciprocity and
equitable resource distribution (20, 21), suggesting that proso-
ciality may be imbued with intrinsic value (22).
However, the majority of these studies have focused on passive

observation or reception of prosocial actions, leaving unclear
whether prosocial action also is experienced as valuable by decision
makers. Indeed, given the standard model of prosocial action as
a capitulation to social pressure (5, 8, 9), the claim that prosociality
instead might be associated with subjective reward remains con-
troversial. Evidence in favor of such an alternative could provide
critical insight into the mechanisms underlying many forms of
prosociality, especially “anomalous” generosity in the absence of
external social pressures. Here, we sought to provide such evidence
by examining the neural bases of equitable and inequitable social
decision making. We reasoned that if equity is experienced as re-
warding by decision makers, then adherence to this principle—
irrespective of accompanying personal gain—should engage value-
related neural structures. If, on the other hand, equitable action
is governed by inhibition of prepotent selfish impulses, it should
be accompanied by engagement of neural structures involved in
exerting cognitive control, and value-related brain activity should
strictly track individuals’ personal gains.

Results
Participants (n= 15) were scanned using functional MRI while they
played a modified dictator game (10) in which they made iterated
choices about whether to allocate varying amounts of money to
themselves or to another person (hereafter designated the “receiver”
see Methods for details). Critically, the receiver could not punish
unfair choices, and participants understood that they would have no
further interactions with the receiver, providing a rationally selfish
participant with no incentive for producing any equitable behavior.
Each round of the game began with two monetary offers, one

associated with the participant and the other with the receiver
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(Fig. 1A). Participants decided which of the two offers to enact.
The trial structure of the game was such that, on some rounds,
participants could allocate more money to themselves than they
could to the receiver (e.g., $2.00 for self vs. $1.25 for the re-
ceiver). On other rounds, the opposite was true (e.g., $1.50 for
the self vs. $3.00 for the receiver). Thus, participants’ decisions
could vary both in their generosity (giving to another person at
a cost to one’s self) and their equity (impartially allocating
resources to the person who stood to gain the most) (Fig. 1B).
For example, allocating $2.00 to oneself as opposed to $1.25 to
a receiver would be both self-serving and equitable, whereas
allocating $3.00 to the receiver rather than $1.50 to oneself
would be generous and equitable (Fig. 1B). During trials in
which participants stood to gain more than the receiver, they
allocated money to themselves 83.2% of the time (self-serving/
equitable choices). During trials on which the receiver stood to
gain more than the participant, participants were equally likely to
allocate money to themselves (self-serving/inequitable choices)
or to the receiver (generous/equitable choices): 44.6% vs. 55.2%,
respectively. Reaction times were marginally longer for self-
serving/inequitable trials (mean = 669 ms, SD = 214) than for
self-serving/equitable [mean = 580 ms, SD = 151, t(14) = 1.64,
P = 0.12, difference between the means (Cohen’s d) = 0.44] and
for self-serving/inequitable trials than for generous/equitable
trials [mean = 556 ms, SD = 128, t(14) = 1.84, P = 0.09, d =
0.49]. Generous/inequitable choices, in which participants stood
to gain more than the receiver but nonetheless allocated money
to the receiver, were too rare to model in subsequent analyses.
On average, participants chose to allocate 22.2% (SD = 11.9) of
the total available resources to the receiver even in the absence
of external pressures to act generously; this proportion of
anomolous giving resembles proportions identified in previous
studies of the dictator game (12).
On the basis of participants’ choices, we used a whole-brain

contrast to isolate neural activity associated with making equi-
table as opposed to inequitable decisions, irrespective of whether
equitable decisions were self-serving or generous. Critically, all
analyses controlled for the amount of money participants stood
to gain on each trial, ensuring that observed patterns of neural
response did not reflect the magnitude of possible gains but were
related specifically to participants’ choice-type. This analysis
revealed engagement of the OFC (Fig. 2A and Table S1) related
to making equitable as opposed to inequitable choices. Con-

dition-specific parameter estimates revealed that this region
responded equivalently during both self-serving and generous
choices provided that these choices were equitable (Fig. 2B).
Thus, OFC activity here cannot have reflected (i) the presence or
absence of personal gain or (ii) the “warm glow” of acting gen-
erously per se (11), because generous/equitable and self-serving/
equitable trials differed along both of these dimensions but en-
gaged this region similarly. Remarkably, the lowest OFC re-
sponse was observed when participants chose to allocate money
inequitably to themselves, even though these choices resulted in
real financial gain for the participant, suggesting that a motiva-
tion to maximize social outcomes may “crowd out” the value
associated with personal gains.
Did equity-related activity occur in an area of OFC more gen-

erally responsive to value? To address this question, we localized
brain activity that was responsive to a separate set of “pure”
gain trials. This condition mimicked the trial structure of the dic-
tator game but provided participants with monetary gains of
varying amounts at no cost to the receiver and with no option to act
prosocially. A parametric, whole-brain analysis revealed that OFC
activity scaled with the amount of money participants gained in
these trials (x/y/z coordinates: 8, 50, −6; 363 voxels) (Fig. 2C),
consistent with this region’s role in computing goal value (18, 23).
We then interrogated this independently defined region for dif-
ferences across choice-types. Consistent with the primary analysis,
this OFC region-of-interest was more engaged by making equitable
choices than by making inequitable choices [self-serving/equitable
vs. self-serving/inequitable: t(14) = 3.56, P < 0.01, d = 0.95; gen-
erous/equitable vs. self-serving/inequitable: t(14) = 2.66, P < 0.05,
d = 0.71] but did not differentiate between self-serving and gen-
erous forms of equitable choices [t(14) = 0.11, P > 0.80, d = 0.03]
(Fig. 2D). These data further bolster the conclusion that decision
makers place intrinsic value on equity.
If making equitable decisions is associated with subjective

value, it follows that making inequitable choices should produce
a sense of subjective disutility. To test this possibility, we con-
trasted brain activity accompanying inequitable as opposed to
equitable (self-serving and generous) choice-types. Inequitable
choices preferentially engaged the anterior insula (AI), a region
commonly associated with aversive emotional states such as
disgust and pain (24) (Fig. 3 A and B and Table S1). Further,
participants who more strongly engaged the AI during in-
equitable decision making also made fewer inequitable choices

Fig. 1. (A) On each round of the task, participants were presented with a choice between allocating separate amounts of money either to themselves or to
the receiver. (B) Individuals’ decisions to act equitably (impartially maximizing the dyad’s earnings) and generously (giving money to the receiver at a cost
to themselves) varied independently as a function of (i) which person (self or other) stood to gain the most on a given round and (ii) participants’ actual
allocation decisions on that round.
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(r = −0.64, P < 0.01) (Fig. 3C). That is, participants who dem-
onstrated the highest AI response to acting unfairly were the
least likely to act unfairly. [The parallel correlation in the OFC—
relating activity from the equitable > inequitable contrast to
individuals’ frequency of equitable decision making—was posi-
tive but nonsignificant (r = 0.24, P = 0.22).] To rule out the
possibility that this finding merely reflects an artifact of the dif-
ferent number of inequitable choices across participants, we
conducted an additional analysis in which we modeled inequity-
related AI activity using an identical number of inequitable trials
for each participant (Methods). Inequity-related AI activity mod-
eled in this way negatively correlated with participants’ overall
tendency to act inequitably (r = −0.60, P = 0.02), consistent with
the original analysis.

Discussion
The current findings complement and extend key insights from
the growing field of social neuroeconomics. Research in this field
has demonstrated that brain regions involved in representing
subjective value—including the OFC—respond to a number of
purely social outcomes, including watching others receive re-
wards (25, 26), act cooperatively (20), and distribute money
equitably (21). The current study adds to this work by demon-
strating that not only the observation of socially appropriate
choices but also the decision to act prosocially engages the OFC.
Although OFC activity is an indirect measure of value, equitable
decisions in this study engaged a specific region also associated
with receiving personal rewards, suggesting that this region in-
deed is involved in computing subjective value. Thus this study
extends recent prior demonstrations that charitable donation
engages reward-related brain regions (27, 28). Here, we docu-
ment that the intrinsic value of giving does not merely reflect
idiosyncratic responses to individual charities but generalizes
broadly to the principle of upholding equity.
By contrast, inequitable decision making was accompanied

by engagement of the AI, a region previously associated with
subjective disutility (29). AI activity in this context cannot be

ascribed to being self-serving (which also occurred during self-
serving/equitable trials) or to being offered less money than the
receiver (which also occurred during generous/equitable trials)
but likely represented a response to inequity itself. Further, the
AI cluster identified here is quite similar (Euclidian distance =
12.15 mm) to one previously associated with being the recipient
of inequitable offers in an ultimatum game and with rejecting
such offers (30). This parallel across studies suggests that in-
equity may be aversive not only to those affected by it but also to
those responsible for producing it. Finally, participants who en-
gaged the AI most strongly while acting inequitably also acted
inequitably least often, suggesting that their own affective re-
sponses to inequity were sufficient to reduce inequitable behav-
ior, even in the absence of external threats of punishment and
despite the monetary benefits of unfair behavior. Of course, AI
activity is associated with a number of other subjective states in
addition to disutility per se (24, 31), and the current study does
not demonstrate a causal role of brain activity in preventing unfair
behavior. Nonetheless, the current findings offer suggestive evi-
dence that acting inequitably—even when it is profitable—may
be experienced as aversive.
Interestingly, the current findings contrast with recent work

suggesting that prosocial behavior emerges primarily as a re-
sponse to threats of punishment (9). In this earlier study, re-
searchers compared neural responses during a dictator game
(similar to the one used here) with those during a second game in
which receivers had the option of punishing unfair decision
makers. Threats of punishment engaged brain regions involved
in exerting control over prepotent responses, suggesting that
participants effortfully inhibited their impulse to act selfishly only
when prompted by extrinsic motivators. However, the under-
mining effects of extrinsic reinforcement on intrinsic motivation
have been well known to social psychologists for decades: After
receiving external inducements to engage in an enjoyable be-
havior, the frequency of that behavior decreases in the absence
of the inducement (32, 33). Recent data suggest that such
“undermining” of intrinsic value is reflected in decreased en-

A B

C D

Fig. 2. (A) A random effects, whole-brain contrast of equitable > inequitable decisions revealed activity in the OFC. (B) The response of this region was
reduced significantly during inequitable choices, even though such decisions led to the receipt of money by the participant. (C) A random effects, whole-brain
parametric analysis revealed that response in a similar region of OFC correlated with the magnitude of monetary gains when nothing was at stake for the
recipient. (D) Responses in this independently defined region were reduced significantly during inequitable choices and did not differentiate between dif-
ferent types of equitable choice. Error bars represent SEM.
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gagement of reward-related neural structures (34). We suspect
that the presence of external motivation (punishment threats)
may diminish the intrinsic value otherwise associated with eq-
uitable choices; indeed, in some cases, sanctions reduce, rather
than increase, prosocial behavior (35). However, because this
earlier study did not analyze brain activity following equitable vs.
inequitable decisions within the dictator game, it could not index
the intrinsic value associated with fairness or how its value may
change under external inducements to act prosocially.
It is important to note that although the current study mini-

mized external social pressure—most importantly, the threat of
retribution for unfair actions—it is possible that participants
nonetheless felt pressure to act prosocially because their deci-
sions were observed by the experimenters or because they did
not fully trust that their choices would in fact be obscured from
the receiver. A number of studies have dealt with experimenter
effects through clever double-blind procedures in which experi-
menters remain ignorant about participant choices. These stud-
ies have produced mixed results: in some cases drastically (but
not completely) reducing generosity in dictator games (36), in
others leaving generosity unaffected (37), and in yet others
demonstrating an effect mediated by other experimental factors
such as receivers’ deservingness (38). Other types of subtle ex-
ternal pressures (e.g., participant mistrust of task instructions)
are more difficult to rule out. Overall, demand characteristics are
a vexing and unruly problem in game theoretic paradigms and
render true isolation of intrinsic motives toward prosociality
methodologically difficult.
That said, the current experimental situation represents a case

in which neuroimaging data may help clarify otherwise ambigu-
ous sources of behavior. Specifically, if participants in this study
indeed suppressed their selfish impulses in the face of external
pressure to act equitably, equitable decision making likely would
have engaged neural structures associated with exertion of such
regulation, including lateral prefrontal or anterior cingulate
cortex (cf. ref. 9). However, the contrast of equitable vs. in-
equitable choices did not reveal engagement in these regions,
even at a lenient threshold of P < 0.05, uncorrected for multiple
comparisons, suggesting that the exertion of control did not

feature prominently into participants’ prosocial decisions. In-
stead, equity was accompanied by a wholly different pattern of
brain activity consistent with the experience of subjective reward.
Of course, neuroimaging data alone do not provide conclusive
evidence of particular subjective states. Nonetheless, such con-
verging data bolster the claim that participants likely were not
merely responding to pressure from the experimental setting.
Sources of prosocial behavior vary broadly and in many cases

likely include a combination of external pressures and intrinsic
value that remain incompletely characterized. For example, al-
though the current study documents the likely experience of
subjective value accompanying equitable behavior, it does not
demonstrate whether this value plays a causal role in producing
such behavior. Future work should manipulate more indepen-
dently the external social pressures as well as internal motivation
to act prosocially, to produce a richer understanding of these
factors’ contributions to prosociality. Especially important to this
endeavor will be examining how contextual variance may medi-
ate the relationship between external and internal motivations,
on the one hand, and generous or equitable behavior on the
other. For example, individuals may require external pressures to
act equitably during competitive interactions or when interacting
with outgroup members. By contrast, in a cooperative interaction
or when interacting with ingroup members, intrinsic motives may
play a larger role in promoting equitability and cooperation.
Fairness simultaneously stands out among humans’ most no-

table and most puzzling behaviors. Although prosociality often
can be explained as a response to external pressures such as
threats of punishment or to reputation, it cannot always be dis-
missed in this way. Many behaviors (e.g., anonymous helping)
suggest the workings of a deeper, more intrinsic source of pro-
sociality, one aimed at maximizing social—not personal—out-
comes. Here, we document such an instance by demonstrating
that, in some cases, fairness can be its own reward.

Methods
Participants.Nineteen right-handed participants (12 male, mean age = 23.2 y)
with no history of psychiatric or neurological disorders completed the study in
exchange for monetary compensation. Informed consent was obtained in

A B

C

Fig. 3. (A) A random-effects, whole-brain contrast of inequitable > equitable decisions revealed activity in the AI. (B) This region was engaged preferentially
for inequitable as opposed to equitable decisions. (C) AI β-values for the contrast of inequitable > equitable decisions were negatively correlated with the
proportion of all trials on which participants made inequitable choices.
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accordance with the regulations of the Committee on the Use of Human
Subjects at Harvard University. Four participants produced no generous/eq-
uitable choices; their data could not bemodeled andwere excluded, resulting
in a final dataset of 15 participants (9 male, mean age = 21.8 y).

Protocol. Before scanning, participants were introduced to a confederate
whom they believed was a second participant. An experimenter informed
both the actual participant and the confederate that the study had been
designed to examine how individuals form impressions about real other
people they had actually met, as opposed to imaginary or fictional others. As
such, one of the participants would enter the scanner and make decisions
about the other participant while the second participant completed un-
related tasks outside the scanner. The experimenter did not mention an
economic decision-making task. Through an ostensibly random (but actually
fixed) assignment, the participant always was chosen to enter the scanner,
whereas the confederate (hereafter, the “receiver”) supposedly was assigned
to complete unrelated behavioral tasks outside the scanner.

After entering the scanner, participants completed a short social judgment
task described elsewhere (39, 40). They then were introduced to the modi-
fied dictator game (see SI Methods for the full instructions given to partic-
ipants). Participants were told that they would make repeated decisions
about whether to allocate money to themselves or to the receiver. They
were told that five of their decisions, chosen at random, would be enacted
(i.e., the money they allocated to themselves or the receiver on those trials
would actually be paid out to that person). Importantly, participants also
were told that the receiver would not know that the participant had com-
pleted the dictator game; instead, extra compensation would simply be in-
cluded in the payment later mailed to the receiver (thus further minimizing
any influence of reputation motives on participants’ decisions).

Following this instruction period, participants completed 210 rounds of the
dictator game, segregated across three functional MRI runs. After a jittered
interstimulus interval (1–6 s), participants were presented with two options.
On each side of the screen, a photograph of the participant or of the re-
ceiver appeared (each taken immediately before the start of the experi-
ment). The text “$X.XX for” appeared above each photograph, where
“X.XX” corresponded to a monetary amount. Thus each trial contained two
choices for a participant. For example, the left side of the screen might read
“$1.00 for” above a photograph of the participant, and the right side of the
screen might read “$1.50 for” above a photograph of the receiver. The side
of the screen on which each potential target (the participant and the re-
ceiver) appeared varied across trials. These options remained on the screen
for a jittered interval (1.5–5 s) before participants were asked to choose
between them. To indicate the period during which participants should in-
dicate their choice, the word “Decide” appeared on the screen, after which
participants were given 2 s to choose between the two options. Their choice
then appeared as a red box surrounding the option they chose, which was
displayed on the screen for the remainder of the choice period.

The amounts that each person stood to gain varied parametrically across
trials but always adhered to one of a set of six ratios specifying the re-
lationship between the two monetary amounts: 3:1, 2:1, 3:2, 4:3, 5:4, and 1:1.
For each trial, a random value between $0.00 and $3.00 was chosen, and
a second value was determined by transforming the first value according to
the ratio that applied during that trial. These two amounts then were paired
pseudorandomly with the two targets (the participant and the receiver). For
example, if—in a given trial—the amount of $1.50 was selected, and the
ratio was 2:1, then the other choice presented would be $0.75. Note that
each ratio thus could produce two relationships between the amounts that
the participant and the receiver stood to gain. Assigning $0.75 to the par-
ticipant, and $1.50 to the receiver would produce a 1:2 ratio between pos-
sible self and other gains. If the opposite assignment were made, the self:
other ratio would be 2:1. As such, 11 total ratios could relate potential self
and other gains: 3:1, 2:1, 3:2, 4:3, 5:4, 1:1, 4:5, 3:4, 2:3, 1:2, and 1:3. Note also
that if the ratio on a given trial were larger than 1:1 (e.g., 3:1), it would be
equitable for participants to act in a self-serving way (allocating money to
themselves), whereas if this ratio were smaller than 1:1, it would be equi-
table for participants to act generously (allocating money to the receiver).
The maximum amount that either the participant or receiver stood to gain
on a given trial was $9.00, and trials were organized so that the total
amounts of money available to the participant and the receiver over the
course of the entire study were comparable (P > 0.40).

The choice paradigm included 15 trials adhering to each of the 11 ratios
listed above. In addition, we included 15 “pure-self” and 15 “pure-other”
reward trials. These trials presented rewards of varying amounts to either
the participant or to the receiver while maintaining procedural elements
that allowed for parallelism with the main dictator game. Specifically,

during pure-self trials the participant was presented with offers of a non-
zero amount of money (e.g., $1.00) for herself or $0.00 for the receiver.
During pure-other trials, the participant were presented with offers of $0.00
for herself and a nonzero amount of money for the receiver. As such, these
trials maintained the same visual and response features of dictator game
trials but actually provided rewards only for participants themselves or for
the receiver. In other words, these choices represented “costless” rewards
for the participant and the receiver, respectively. Finally, we included 15
nonreward trials in which participants chose between $0.00 for themselves
and $0.00 for the receiver. The choices included in the neuroimaging anal-
yses reported here, as well as the proportions of inequitable trials plotted in
Fig. 3C, are based on the 150 trials in which the participant and receiver
stood to gain unequal, nonzero amounts of money.

Neuroimaging Acquisition and Analysis. Imaging data were collected on a 3-
Tesla Siemens Trio scanner using a gradient-echo echo-planar pulse sequence
(31 axial slices, 5-mm thick; 1-mm skip; repetition time = 2 s; echo time = 35ms;
3.75 × 3.75 in-plane resolution). A high-resolution T1-weighted structural
scan (magnetization-prepared rapid gradient echo) was collected before
the functional runs. Stimuli were presented on a screen at the end of the
magnet bore using the Psychophysics Toolbox for MATLAB (41). Participants
viewed the screen via a mirror mounted on the head coil, and a pillow and
foam cushions were placed inside the coil to minimize head movement.

MRI data were preprocessed and analyzed using SPM statistical parametric
mapping image analysis software (Wellcome Department of Cognitive
Neurology, London). First, functional data were time-corrected for differ-
ences in acquisition time between slices for each whole-brain volume and
realigned to correct for head movement. Functional data then were trans-
formed into a standard anatomical space (3-mm isotropic voxels) based
on the International Consortium of Brain Mapping ICBM 152 brain template
(Montreal Neurological Institute). Normalized data then were spatially
smoothed (6 mm full width at one-half maximum) using a Gaussian kernel.
Statistical analyses were performed using the general linear model in which
the event-related design was modeled using a canonical hemodynamic re-
sponse function, its temporal derivative, and additional covariates of no
interest (a session mean and a linear trend). This analysis was performed
individually for each participant, and contrast images for each participant
subsequently were entered into a second-level analysis treating participants
as a random effect. Brain regions that differentiated between conditions
were identified using a statistical criterion of 55 or more contiguous voxels at
a voxel-wise threshold of P < 0.005. These height and extent thresholds were
selected on the basis of a Monte Carlo simulation implemented in MATLAB,
to correspond with an overall false-positive rate of less than 5%, corrected
for multiple comparisons (42).

Our main analysis consisted of a general linear model that examined the
“decision” phase (when participants made a choice about which monetary
allocation to enact) of the choice task. This model included regressors for
each decision condition of interest: self-serving/inequitable, self-serving/eq-
uitable, and generous/equitable. Generous/inequitable decisions (in which
the participant stood more to gain than the receiver but nonetheless gave to
the other person) were too rare to model and are not included here. The
primary analysis in each model consisted of whole-brain, random-effects
contrasts between [self-serving/equitable + generous/equitable] > self-serv-
ing/inequitable, as well as the opposite contrast, self-serving/inequitable >
[self-serving/equitable + generous/equitable]. Thus, this analysis isolated
clusters of brain activity that differentiated between equitable choices of
either type vs. inequitable choices. Critically, this model included the amount
of money participants stood to gain on each trial as covariate of no interest.
This analytic approach ensured that resulting brain activity did not reflect
the magnitude of potential personal gain involved in each trial. Therefore,
resulting patterns of neural response represent the effects of particular
decision-types (i.e., equitable or inequitable), irrespective of this potentially
confounding intrapersonal variable. All significant activations identified by
this contrast are listed in Table S1.

Additionally, to isolate brain regions contributing to the receipt and
anticipation of reward to the self, we examined blood oxygen level-de-
pendent (BOLD) differences for the pure-self condition. We constructed
a separate generalized linear model (GLM) that specifically modeled pure-self
trials (in which only the participant could gain money) and included a
parametric regressor representing the amount of money the participant
gained on that particular trial. This analysis allowed us to localize brain
regions in which response scaled with the magnitude of pure, self-oriented
reward using data independent of equitable or inequitable choice trials. As
expected, this contrast produced activation of the OFC. We then further
interrogated this independently defined region-of-interest for differences in
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BOLD response as a function of choice type (equitable vs. inequitable) in the
set of trials during which participants were obliged to allocate nonzero
amounts of money to themselves or the receiver. We first defined a sphere
(radius = 6 mm) about the activation peak related to pure self gains and
then extracted parameter estimates (β-weights) from this region of interest
related to each choice condition (self-serving/inequitable, self-serving/equi-
table, and generous/equitable). We then compared these β-weights across
conditions using paired-sample t tests.

Finally, after identifying activity in the AI related to making in-
equitable, as opposed to equitable, choices, we explored the relationship
between this activity and individuals’ decision-making patterns. Specifi-
cally, we defined a sphere (radius = 6 mm) about the insula peak defined
by the group contrast of self-serving/inequitable > self-serving/equitable
and generous/equitable (coordinates: 40, 4, −4) and then extracted
β-weights from this region (related to the same contrast) for each par-
ticipant. These participant-specific β-weights then were correlated with
the proportion of trials in which each participant produced self-serving/
inequitable trials.

This correlation analysis, however, included a potential confound: Par-
ticipants who made less inequitable choices also produced a smaller number
of trials through which to model inequity-related AI activity. To eliminate this
potential concern, we generated a separate GLM analysis that modeled
a subset of 10 randomly selected self-serving/inequitable trials per partici-
pant, thus standardizing the number of trials in this regressor across all
participants. We then recomputed a contrast of inequitable > equitable trials
and extracted β-values from a 6-mm sphere surrounding the inequity-related
group AI peak described above (coordinates: 40, 4, −4). Finally, we extracted
β-values from each participant from this peak and correlated these values
with participants’ proportion of inequitable choices, as described above. This
analysis reproduced the correlation, thus obviating any potential confounds
related to variance in participants’ number of inequitable choices.
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