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Abstract

People frequently engage in more prosocial behavior toward members of their own groups, as compared to other groups.
Such group-based prosociality may reflect either strategic considerations concerning one’s own future outcomes or intrinsic
value placed on the outcomes of in-group members. In a functional magnetic resonance imaging experiment, we examined
vicarious reward responses to witnessing the monetary gains of in-group and out-group members, as well as prosocial
behavior towards both types of individuals. We found that individuals’ investment in their group—a motivational compo-
nent of social identification—tracked the intensity of their responses in ventral striatum to in-group (vs out-group) mem-
bers’ rewards, as well as their tendency towards group-based prosociality. Individuals with strong motivational investment
in their group preferred rewards for an in-group member, whereas individuals with low investment preferred rewards for
an out-group member. These findings suggest that the motivational importance of social identity—beyond mere similarity
to group members—influences vicarious reward and prosocial behavior. More broadly, these findings support a theoretical
framework in which salient social identities can influence neural representations of subjective value, and suggest that
social preferences can best be understood by examining the identity contexts in which they unfold.
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Introduction

In 2014, alumni donations to U.S. universities reached $9.85 bil-
lion, surpassing contributions from non-alumni individuals and
corporations by billions of dollars (Council for Aid to Education,
2015). This discrepancy provides one example of group-based giv-
ing—people’s preference for prosocial behaviors that help mem-
bers of their own communities (Bernhard et al., 2006). Classic
work in social psychology indicates that group membership
influences prosocial behavior. People often allocate more
money to members of their in-group than members of an out-
group (Tajfel et al., 1971), and are more likely to cooperate with
others when shared group identity is salient (Brewer and
Kramer, 1986). Although other primates also engage in group-

based prosociality, humans uniquely extend prosociality to
anonymous in-group members (Burkart et al., 2009). Social
groups, in other words, allow strangers to have prosocial inter-
actions with one another. The current research was designed to
better understand the psychological structure of group based
prosociality.

Despite the ubiquity of group-based prosociality, it remains
unclear why some people give more to in-group members. On
one hand, people may feel obligated to group members or fore-
see in-group members reciprocating prosociality, leading to
group-based giving that reflects strategic motives. Strategic
models of intergroup bias have provided evidence that concerns
about reputation lead to greater in-group altruism (Mifune et al.,
2010), and expectations about reciprocity lead to greater in-
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group cooperation (Yamagishi and Kiyonari, 2000). By highlight-
ing conditions under which group-based prosociality is more
likely to take place, these models have offered important
insights into one potential source of intergroup behavior.

There is also reason to believe identification with social
groups—termed social identification—may itself be motivation-
ally meaningful, potentially imbuing the well-being of in-group
members with intrinsic value. Extensive research suggests that
social identification represents a key source of social motivation
in humans, providing not only material resources and opportuni-
ties for social interaction but also psychological benefits such as
self-esteem and a sense of belonging (Allport, 1954; Brewer, 1988;
Baumeister and Leary, 1995; Correll and Park, 2005; Kurzban and
Neuberg, 2005; Cikara and Van Bavel, 2014). Economic models
suggest that people will pay more for outcomes that fulfill the
norms of their social groups (Akerlof and Kranton, 2000), and
social psychological models highlight identity as a motivating
factor in decision-making and consumer preferences (Wicklund
and Gollwitzer, 1982; Braun and Wicklund, 1989; Reed, 2004;
Oyserman et al., 2007; Oyserman, 2009). These models suggest
that people might feel better when fellow in-group members, as
opposed to out-group members, benefit.

At the same time, research on identification suggests that
not all members of a group will show such an in-group prefer-
ence. People differ in the degree to which they identify with dif-
ferent social groups, and strength of identification determines
the impact of identity on cognition and behavior (Ashmore et al.,
2004). Indeed, people often do not want to be categorized as part
of a group, either because they do not strongly identify with a
particular group or because they want to be treated as a unique
individual in a particular situation (Branscombe et al., 1999).
When group identity is made salient, individuals low on social
identification may experience negative emotions, distance
themselves from the group, and even ‘put down’ other in-group
members (Branscombe et al., 1999). These responses still demon-
strate that identities are motivationally salient—since they rep-
resent affective responses to group categorizations—but also
demonstrate that group-based responses can be positive or neg-
ative, depending on an individual’s degree of identification.
Therefore, an individual’s degree of identification with a group
should predict whether or not they value the outcomes of in-
group members over out-group members.

Identification has been further decomposed into multiple com-
ponents. For instance, ‘group-level self-investment’ indicates the
extent to which people find group membership motivationally sig-
nificant. Alternatively, ‘group-level self-definition’, indicates the
extent to which people see themselves as similar to the group and
group members as similar to one another (Leach et al., 2008).
Consistent with the idea that motivational components of identity
shape valuation, recent work found that group-level self-invest-
ment—but not self-definition—predicted evaluation of identity-
relevant foods (Hackel et al., 2016). Individuals from the Southern
United States with high group-level self-investment expected
Southern foods (e.g. chicken fried steak) to be tastier than
non-Southern foods (e.g. pizza). In contrast, Southerners with low
group-level self-investment expected Southern foods to be less
tasty than non-Southern foods, expressing a negative evaluation of
the in-group. Identity motivations might similarly shape valuation
of social outcomes: those who are strongly invested in a social
group may prefer the well-being of in-group members, whereas
those who dis-identify with a group may feel more negatively
about the in-group’s positive outcomes.

This work raises the possibility that group-based prosociality
represents not only strategic concerns, but also the

motivational effects of identification on social valuation.
Motivational factors—including but not limited to group
membership—broadly shape people’s empathy towards others
(Davis et al., 1999; Hein, et al., 2010; Cameron and Payne, 2011;
Gutsell and Inzlicht, 2012; Cikara et al., 2014; Zaki, 2014). Thus,
experiences of vicarious reward might depend on the motiva-
tional relevance of group members. This perspective leads to
three predictions. First, individual differences in social identifi-
cation should predict differential responses to in-group and
out-group gains: those strongly identified with a group should
prefer in-group gains in an intergroup context, whereas those
weakly identified with a group should not. Second, motivational
components of identification in particular should be associated
with group-based biases, beyond effects of perceived similarity
to others. Third, social identification should shape neural vicar-
ious reward responses even when people merely witness the
gains of other people—indicating that strategic explanations
cannot fully account for group-based social preferences.

Recent neuroscience evidence suggests that people intrinsi-
cally value social outcomes (Zaki and Mitchell, 2011; Ruff and
Fehr, 2014; Nook and Zaki, 2015). Brain regions commonly asso-
ciated with value processing also respond during prosocial acts
and when seeing other people receive rewards. When allocating
money to the self or another person, prosocial decisions are
associated with activation in ventral striatum and ventromedial
prefrontal cortex (vmpFC)/medial orbitofrontal cortex (mOFC)
(Rilling et al., 2002; Hare et al., 2010; Zaki and Mitchell, 2011; Zaki
et al., 2014). For example, Zaki and Mitchell (2011) examined
neural responses as people choose whether to allocate one
amount of money to themselves or a different amount of
money to another person. Sometimes, the participant stood to
gain more than the other person (e.g. choosing between $3 for
the self vs $1 for the other), and sometimes the other person
stood to gain more than the participant (e.g. choosing between
$1 for the self vs $3 for the other). Responses in mOFC were
strongest when participants made prosocial choices, giving
money to whichever person stood to gain the most—that is,
when choices were ‘efficient’. (Although Zaki and Mitchell
referred to ‘equitable’ choices, these choices are better
described as ‘efficient’, since they maximize total payouts to
both players rather than equity between players.) In contrast,
mOFC responses were weaker when participants kept money
for themselves and the other person stood to gain more.

Both ventral striatum and vmPFC/mOFC have been linked to
the computation of a common neural currency of value across
multiple types of goods (Levy and Glimcher, 2012; Clithero and
Rangel, 2014), including social goods (Ruff and Fehr, 2014).
These regions have also been linked to vicarious reward proc-
essing when witnessing the outcomes of others (Morelli et al.,
2015; Sul et al., 2015). In this manner, neuroimaging offers
insight into subjective value that may not be fully accessible to
behavior or self-report alone (Zaki et al., 2011). Moreover, since
behavior and self-reports may be more susceptible to strategic
and self-presentational motives, studying neural responses to
the outcomes of others can more directly index the intrinsic
value placed on those outcomes.

Based on this research, it is possible that people motivation-
ally invested in a group preferentially value the outcomes of in-
group members, and that this preferential value is reflected in
ventral striatum activation. Recent research has indeed linked
intergroup biases in evaluation to neural reward systems. For
example, biased interpersonal evaluation of in-group members
has been associated with activation in mOFC (Van Bavel et al.,
2008). In other research, witnessing the success of a favored
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team or the failure of a rival team was associated with activity
in the ventral striatum (Cikara et al., 2011). Moreover, individu-
als primed with an interdependent (vs independent) self-
representation show greater vicarious reward responses in ven-
tral striatum upon witnessing a friend win money (Varnum
et al., 2014). This body of evidence supports the idea that social
identification may alter valuation of the outcomes of others.

Overview

Here, we used functional magnetic resonance imaging (fMRI) to
test whether motivational components of identification shape
social valuation. We hypothesized that people who are motiva-
tionally invested in a social group would more highly value the
outcomes of in-group members, as reflected in prosocial behav-
ior and neural markers of vicarious reward. To test this hypoth-
esis, New York University (NYU) students witnessed monetary
gains of two confederates who they believed were from NYU
(in-group) and Columbia University (out-group). Participants
also had opportunities to allocate money privately to them-
selves versus those targets. Afterwards, participants completed
a measure of collective identification with NYU students,
which included motivational components (group-level self-
investment) and perceived similarity to the group (group-level
self-definition). This design allowed us to test whether motiva-
tional components of identification predict social valuation for
in-group versus out-group members, using converging behavio-
ral and brain data. A purely strategic account would not predict
differential giving to in-group and out-group members under
private conditions, when reputational concerns are not applica-
ble. At the same time, mixed motives can influence behavior—
for instance, a motive to appear egalitarian to an experimenter
might influence allocation decisions. Therefore, by examining
neural responses in the absence of behavior, we were able to
study responses even less likely to be affected by strategic con-
cerns, providing a cleaner test of the intrinsic value hypothesis.

Method
Participants

Fifty New York University students (17 males; mean age¼ 20.90,
s.d.¼ 3.23) participated in exchange for $30 plus the opportunity
to earn a monetary bonus. The sample size was determined by
collecting the largest sample possible given budgetary con-
straints (we sought to at least double the normal sample size of
neuroimaging studies). All participants were right-handed and
had normal or corrected-to-normal vision. Five participants
were excluded from analyses because they did not believe the
cover story. An additional participant was excluded from analy-
sis because the participant chose to end the session early, leav-
ing 44 participants for analysis. For three of these participants,
one run was excluded from analyses of neuroimaging data (but
not behavioral data) due to a scanner error. Participants gave
informed consent in accordance with approval from the NYU
University Committee on Activities Involving Human Subjects.

Procedure

During recruitment, participants were informed that the study
was open to students from three New York area universities
(New York University, Columbia University, and Hunter
College). In reality, only NYU students were invited to complete
the study. Upon arriving to the session, participants met two
confederates posing as other participants. The participant and

confederates each had their picture taken and filled out a per-
sonal profile listing their names, ages, and university affilia-
tions. Through a rigged drawing, the true participant was
assigned to complete a decision-making task in the scanner,
while the confederates were dismissed to another room to com-
plete a supposed face memory task.

Participants were informed that they would make decisions
impacting monetary outcomes for themselves and the two con-
federates. As a performance incentive, participants were
informed that five trials would be randomly selected and mone-
tary bonuses would be rewarded to themselves or the confeder-
ates based on their responses. This ensured that they would
treat trials seriously (Zaki and Mitchell, 2011).

This task involved two types of trials (Figure 1). In ‘free choice’
trials, participants made decisions to allocate money either to
themselves or to one of the confederates (Zaki and Mitchell,
2011). In order to minimize reputational concerns, instructions
emphasized that the confederates would have no knowledge of
these decisions, but would simply be paid an extra bonus without
explanation. On each free choice trial, participants saw their own
face on one side of the screen and a confederate’s face on the
other side of the screen. Each face was associated with a different
amount of money listed above it, and participants could press a
button on a button box to make a monetary allocation to them-
selves or the confederate. To determine the amounts available, a
random number (no greater than $4.00) was generated as the
amount available for the participant. This number was then mul-
tiplied by a predetermined ratio to generate the amount available
for the confederate. The ratios used to study costly choice (0.33,
0.5, 0.67, 1, 1.5, 2, 3) were symmetric around a 1:1 ratio, such that
participants sometimes stood to gain more money and the con-
federate sometimes stood to gain more money. Participants also
saw costless free choice trials in which they could choose
between zero dollars for the self and a randomly determined
amount for a confederate, or vice versa.

In ‘forced choice’ trials, participants saw only one face (self,
in-group member, or out-group member) appear onscreen with
an associated amount of money (randomly drawn with a maxi-
mum of $4.00). These trials indicated that the experimenter had
assigned this amount to the target shown. Participants were
asked to press a button to acknowledge this assignment, but
could not make any decisions to influence these outcomes.

Altogether, participants completed four runs of 36 trials each
in the scanner, divided into two in-group runs and two out-group
runs; run order was randomized across subjects. Before each run
began, a cue screen showed the photo of the confederate who
would be viewed in that run as well as the profile they had osten-
sibly filled out. This cue indicated whether the target was an in-
group member (NYU student) or out-group member (Columbia
student). Which confederate was associated with which university
was counterbalanced across participants, ensuring that effects of
group membership could not be due to differences between the
confederates. Confederates were blind to condition.

Across all runs, participants witnessed 12 ‘forced’ trials in
which the in-group member won money, 12 ‘forced’ trials in
which the out-group member won money, and 24 ‘forced’ trials
in which they themselves won money (due to an equal number
of wins for self and other when playing with each target).
Participants completed a total of 48 free choice trials involving
each target, evenly divided across each ratio used (including
zero). Forced choice trials and free choice trials were randomly
intermixed in a different order for each subject. Following past
work using a similar task (Zaki and Mitchell, 2011), each trial
appeared onscreen for an initial “offer” phase lasting 2–8 s
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(jittered to allow estimation of the hemodynamic response).
Afterwards, participants had a 2-s response phase in which to
enter a decision (free choice trials) or acknowledge an allocation
(forced choice trials). Trials were followed by a jittered inter-
trial interval (2–8 s). Stimuli were projected onto a screen at the
rear of the magnet, which participants viewed through an
angled mirror attached to the RF coil.

After scanning, participants completed a measure of identi-
fication with the in-group (Leach et al., 2008). They indicated
how strongly they agreed with 14 statements on a 5-point Likert
scale anchored at 1 (strongly disagree) to 5 (strongly agree)
(a¼ 0.86, M¼ 3.68, s.d.¼ 0.81). This scale included two broad
sub-components of identification. The first component, group-
level self-investment (a¼ 0.87, M¼ 3.41, s.d.¼ 0.75), measured
the extent to which participants felt invested in the group,
examining motivational components of identification (e.g. ‘The
fact that I am an NYU student is an important part of my identi-
ty’). The second component, group-level self-definition (a¼ 0.77,
M¼ 2.14, s.d.¼ 0.74), measured the extent to which participants
defined themselves with reference to fellow group members,
examining perceived similarity to group members and of group
members to one another (e.g. ‘I am similar to the average NYU
student’). For the measure of group-level self-investment, 23%
of responses fell below the midpoint, indicating disagreement
with statements assessing investment in the group. For the
measure of group-level self-definition, 86.4% of responses fell
below the midpoint, indicating disagreement with statements
assessing self-definition with the group. Finally, participants
completed demographic information, were debriefed, and were
paid their base pay plus a bonus computed by randomly instan-
tiating the outcomes of five trials.

Image acquisition. Images were acquired with a 3T Siemens
Allegra head-only scanner. Functional images (TR¼ 2000 ms;
effective TE¼ 30 ms; flip angle¼ 82, 34.3 mm slices with a
0.45 mm gap for whole-brain coverage, matrix¼ 80� 64;
FOV¼ 240� 192 mm; acquisition voxel size¼ 3� 3� 3.45 mm)
were acquired using a customized multi-echo EPI sequence
developed by the NYU Center for Brain Imaging to mitigate the
effects of susceptibility artifacts. Five fixation scans were

acquired at the start of each run and dropped from analysis to
allow for magnet equilibration. Slices were collected parallel to
the AC-PC line. Finally, T1-weighted high-resolution anatomical
images (MPRAGE, 1� 1� 1 mm) were acquired for each subject
for registration and group normalization purposes.

Image processing and analysis. Data were preprocessed and ana-
lyzed using SPM8 (Wellcome Department of Cognitive
Neurology, London, United Kingdom). Data were corrected for
slice-time acquisition and realigned to correct for subject
motion, co-registered to structural images, transformed to con-
form to the default T1 Montreal Neurological Institute (MNI)
brain interpolated to 3� 3� 3 mm, smoothed using a 6-mm full-
width/half-maximum Gaussian kernel, corrected for artifacts
(Mazaika et al., 2007) and detrended (Macey et al., 2004). The
blood-oxygenation-level-dependent (BOLD) signal was modeled
using a canonical hemodynamic response function, and filtered
with a 128-s high-pass filter.

We first aimed to replicate prior findings regarding prosocial
choices. Zaki and Mitchell (2011) observed increased activation
in mOFC when people made efficient, as opposed to inefficient,
choices—that is, when people allocated money to whomever
stood to gain the most. We analyzed the decision phase (2 s) of
costly choice trials, including onsets of these trials for in-group
members and out-group members in separate conditions in a
general linear model (GLM). These onsets were parametrically
modulated by the (log) ratio of the amount available for the
chosen versus unchosen recipient. (We took the logarithm of
the ratios in order to linearize ratios around 1:1.) This paramet-
ric regressor served as a trial-by-trial measure of the efficiency
of a choice, regardless of whether an allocation benefited the
self or the other. For example, if a participant chose to keep
$2.00 for the self instead of allocating $1.00 to another, this
choice was more efficient (ratio¼ 2) than keeping $1.00 for the
self instead of allocating $2.00 for another (ratio¼ 0.5).

This analysis strategy differed somewhat from prior work.
Zaki and Mitchell (2011) divided choices into separate trial types
based on whether choices were generous and efficient, self-
serving and efficient, or self-serving and inefficient. We were
unable to reproduce this exact analysis strategy because we had

"Forced Choice""Free Choice"A B
Do you prefer...

$1.00 for $2.00 for

Decide!

$1.00 for $2.00 for

Forced Trial

No Option $2.00 for

No Option $2.00 for

Acknowledge!

++

Offer (2-8s)

Decision (2s)

Inter-trial
Interval (2-8s)

Offer (2-8s)

Response (2s)

Inter-trial
Interval (2-8s)

Fig. 1. Participants saw two types of trials involving monetary outcomes for themselves or another person. A cue before each block indicated whether the other person

would be an in-group member (NYU student) or out-group member (Columbia student). (A) On ‘free choice’ trials, participants chose between one amount of money

for themselves or a different amount of money for another person. (B) On ‘forced choice’ trials, participants passively witnessed a monetary gain issued to themselves,

the in-group member, or the out-group member. In both trial types, an offer stage (2–8 s) was followed by a response stage (2 s). Images are not to scale.
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fewer trials in our experiment, in order to shorten scan time
and collect a larger sample to increase between-subject power.
In addition, our trials were further sub-divided across in-group
and out-group members. Had we followed this strategy for in-
group and out-group trials, 18 participants would have zero tri-
als in at least one cell, and a total of 29 participants would have
fewer than three trials in at least one cell. However, the analysis
we report is conceptually analogous: it examines the effect of
choice efficiency while ignoring whether choices were self-
serving or generous. Since it does not divide choices into differ-
ent trial types, it does not suffer from data loss due to low trial
numbers.

Next, to identify neural regions associated with vicarious
reward to in-group versus out-group members, we included
onsets of ‘forced choice’ trial offer stages in the GLM, modeled
as impulses with zero duration following prior studies of reward
receipt (Daw et al., 2011; Doll et al., 2015). Onsets were entered
in separate conditions according to the identity of the target
(self, in-group member, out-group member) and were paramet-
rically modulated by the dollar amount won by the target indi-
cated. To account for other task-related variance, we modeled
onsets of response stages for forced choice trials of each condi-
tion, offer stages for costly choice trials of each condition, and
response and offer stages for costless choice trials and any non-
response trials. We concatenated data across runs, using the
spm_fmri_concatenate function in SPM, and included a regres-
sor of no interest indicating the start of new runs. Finally, we
included the six motion covariates produced during realign-
ment as nuisance regressors.

To examine neural correlates of prosocial choice, we created
first-level contrasts of the parametric regressor of choice effi-
ciency described above, and entered these contrasts into a
whole-brain random-effects analysis. We corrected for multiple
comparisons using cluster correction with a cluster-defining
threshold of P< 0.005 and a cluster extent required to maintain
a family wide error rate of P< 0.05, based on Gaussian random
field theory as implemented in SPM (Friston et al., 1994). Next,
we separately interrogated responses to efficiency for in-group
and out-group members in this region of interest (ROI) by
extracting parameter estimates to in-group and out-group sepa-
rately. To ensure independence between ROI definition and the
subsequent test, we used a leave-one-subject-out procedure to
extract parameter estimates (Esterman et al., 2010): we recom-
puted the whole-brain random effects analysis once while leav-
ing out each subject, and used this definition of the ROI to
extract parameter estimates for the left-out subject.

For ‘forced choice trials’, our goal was to interrogate the rela-
tionship between social identification and vicarious reward
responses. Therefore, we aimed to create a functional region of
interest that showed increasing activity as participants won
more money for themselves. We created first-level contrasts of
the parametric modulator of amount won on ‘forced choice’
wins for the self, during the offer stage. Contrasts were entered
into a whole-brain random effects analysis. Given strong a pri-
ori hypotheses about reward processing in ventral striatum
(Clithero and Rangel, 2014; Garrison et al., 2013), we examined
results within an anatomical mask of ventral striatum. This
mask was generated by obtaining a mask of the caudate and
putamen from the Automated Anatomical Labeling atlas
(Tzourio-Mazoyer et al., 2002) and maintaining only ventral por-
tions, defined as z< 2 for putamen and z< 7 for caudate
(Postuma and Dagher, 2006). However, this contrast revealed
only a cluster of 3 voxels in the right caudate and 5 voxels in the
left putamen, which did not meet the requirements of a small

volume correction. Therefore, as an alternative method of con-
structing the ROI, we created a reverse inference map of the
term ‘reward’ using the meta-analysis website Neurosynth
(www.neurosynth.org; Yarkoni et al., 2011). The resulting map
was based on 617 studies. We intersected this map with our
anatomical mask of ventral striatum.

To interrogate responses in this region to the monetary
gains of others, we separately extracted parameter estimates in
this region corresponding to the parametric modulators of
‘amount won’ for in-group and out-group trials, using the
Marsbar toolbox (Brett et al., 2002). That is, we examined how
signal in this region changed in response to trial-by-trial
changes in the monetary gains of in-group members and out-
group members. We analyzed these parameter estimates as a
function of target group and social identification (group-level
self-investment and group-level self-definition). De-identified
data have been made available at https://osf.io/6qbc4/.

Results
Prosocial behavior

We tested whether social identification shaped prosocial behav-
ior toward each target. Specifically, we calculated the propor-
tion of trials on which participants made altruistic decisions
towards the in-group and out-group member and analyzed
choices as a function of self-reported social identification with
NYU. Since we had a continuous predictor (social identification)
and a within-subjects factor (target group membership), we
used Generalized Estimating Equations, which fits a marginal
model that accounts for repeated measures in a regression
framework (Liang and Zeger, 1986).

We hypothesized that strength of identification would predict
differential giving to in-group and out-group members, even
under private conditions that were likely to minimize reputa-
tional (and therefore strategic) concerns. In order to test whether
group-based behavior was particularly driven by motivational
importance of the group or by perceived similarity to others, we
separated the identification scale into its components of group-
level self-investment and group-level self-definition. We simulta-
neously entered both components (mean-centered) as predictors
in one model in which they each interacted with target group
membership. (Self-investment and self-definition were moder-
ately correlated, r¼ 0.35.) We found a target group� self-invest-
ment interaction, b¼�0.02, SE¼ 0.01, Wald v2 ¼ 7.29, P¼ 0.007
(Figure 2; Table 1). Those high on group level self-investment
showed marginally significant favoritism toward the in-group,
b¼�0.01, SE¼ 0.01, Wald v2 ¼ 3.30, P¼ 0.07, whereas those low
on group-level self-investment showed favoritism toward the
out-group, b¼ 0.02, SE¼ 0.01, Wald v2 ¼ 4.82, P¼ 0.03. Group-level
self-definition did not interact with target group (P¼ 0.21). These
results indicate that motivational components of identification,
rather than perceived similarity, shaped relative giving to in-
group and out-group targets.

Neural correlates of prosocial choice

We next examined neural correlates of prosocial choices. We
conducted a whole-brain analysis seeking regions showing
parametrically increasing responses to the efficiency of choices.
Again, efficiency was defined as the ratio of money available for
the chosen versus unchosen beneficiary of an allocation,
regardless of whether money was allocated to the self or
another. Replicating findings of Zaki and Mitchell (2011),
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increasing choice efficiency was associated with activation in
mOFC (Figure 3A; Table 2). In other words, mOFC displayed
greater activation when allocations favored a person who stood
to gain more. By contrast, inefficient choice was associated with
activation in anterior cingulate cortex (ACC), which has been
found to track negatively with the value of a decision in past
work (Doll et al., 2015).

We further extracted parameter estimates to efficiency from
OFC for in-group and out-group trials separately, and entered
these parameter estimates into a regression analysis using GEE.
Specifically, we predicted parameter estimates as a function of
target group membership, group-level self-investment, and
group-level self-definition, as described in our behavioral analy-
ses. We did not observe an interaction of group-level self-
investment with target group membership, b¼�0.04, SE¼ 0.07,
Wald v2 ¼ 0.27, P¼ 0.61 (Table 3). However, follow-up analyses
revealed that this null effect in mOFC was consistent with
behavior. We expanded our GEE regression of behavior to ana-
lyze choices on each trial (0¼ self-serving, 1¼prosocial) in a
logistic model (Table 4). We included the log of each trial’s ratio
(other amount vs self-amount) as a predictor, as well as
the interactions of ratio with target group membership and each
identification scale. We observed two distinct effects: ratios pre-
dicted prosocial choices (b¼ 1.89, SE¼ 0.24, Wald v2 ¼ 64.16,
P< 0.0001), and a group membership� self-investment interac-
tion predicted prosocial choices (b¼�0.08, SE¼ 0.04, Wald
v2 ¼ 4.58, P¼ 0.03). In the analysis of mOFC responses, we did not
observe a 3-way interaction between these predictors (P¼ 0.35).
(We did observe an interaction of group and self-definition, such
that those high on self-definition had stronger responses to effi-
ciency for the out-group, b¼ 0.15, SE¼ 0.06, Wald v2 ¼ 6.30, P¼ 0.01.
However, we refrain from interpreting this finding, as we did not
observe similar effects of self-definition elsewhere.) Therefore,
behavioral data suggest that group-level self-investment was
associated with an overall tendency to give to the in-group or out-
group, but not with an enhanced response to efficiency. This find-
ing is consistent with the results in OFC, which tracked responses
to efficiency, specifically.

Neural markers of vicarious reward

Finally, we examined putative neural markers of vicarious
reward. A strategic model of intergroup relations would not pre-
dict differences in vicarious reward when a person merely wit-
nesses in-group and out-group members win money. In
contrast, an intrinsic value account would predict that a person’s
motivational investment in the in-group should shape relative
responses to the gains of in-group and out-group others. To test
these hypotheses, we created a region of interest for reward
processing in ventral striatum using the meta-analytic website
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Fig. 2. Motivational components of group identification predicted prosocial

behavior. Those high on group-level self-investment gave relatively more to in-

group members, whereas those low on group-level self-investment gave rela-

tively more to out-group members. Plot shows predicted proportions of giving

from a regression analysis. Predicted proportions for high and low self-invest-

ment are plotted one standard deviation above and below the mean,

respectively.

Table 1. Coefficients in regression of prosocial choice

Effect b SE Wald v2 P

Intercept 0.287 0.03 91.81 <0.0001
Target Group 0.002 0.004 0.26 0.61
SI �0.02 0.04 0.20 0.65
SD �0.02 0.04 0.117 0.73
Group � SI �0.02 0.007 7.29 0.007
Group � SD 0.008 0.006 1.55 0.21

Note: SI, group-level self-investment; SD, group-level self-definition.

x = -5 y = 11
-0.5

-0.3

-0.1

0.1

0.3

0.5

Low Self-Investment High Self-Investment

S
tri

at
um

 P
ar

am
et

er
 E

st
im

at
e

In-Group Out-GroupA B C

Fig. 3. Neural responses associated with prosocial behavior and witnessing in-group and out-group members win money. (A) During decisions to allocate money to the

self or another person, medial orbitofrontal cortex (mOFC) showed increasing activation when participants allocated money to whomever stood to gain more (i.e. effi-

cient choices), shown in yellow. Anterior cingulate cortex (ACC) showed increasing activation when participants allocated money inefficiently—for example, keeping

money for the self when another person could gain more. (B) A portion of ventral striatum associated with the term ‘reward’ in an automated meta-analysis using

Neurosynth. (C) Within this portion of ventral striatum, group-level self-investment predicted differential parametric responses to increasing amounts of money won

by in-group members versus out-group members. The y-axis shows predicted parameter estimates (from a regression analysis) representing the strength of relation-

ship between ventral striatum response and amount won by in-group or out-group members. Predictions for high and low self-investment are plotted one standard

deviation above and below the mean.
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Neurosynth (Figure 3B). From this region, we extracted parame-
ter estimates associated with the trial-by-trial amount won by
in-group and out-group members. This analysis was restricted
to trials on which participants merely witnessed outcomes
without making any decisions, allowing us to examine
responses when participants saw others receiving rewards.

As in our analysis of prosocial behavior, we found a
target group� self-investment interaction, b¼�0.17, SE¼ 0.08,
Wald v2 ¼ 4.29, P¼ 0.04 (Figure 3C; Table 5), suggesting that moti-
vational components of identification were associated with dif-
ferential responses in ventral striatum to in-group as opposed
to out-group gains. For trials featuring in-group members,
group-level self-investment had a marginally significant simple
slope, indicating it was associated with more positive responses
to in-group members, b¼ 0.17, SE¼ 0.10, Wald v2 ¼ 2.99, P¼ 0.08.
In contrast, self-investment did not significantly predict striatal
responses when viewing out-group members, and the point
estimate was negative, b¼�0.17, SE¼ 0.10, Wald v2 ¼ 2.75,
P¼ 0.10. Among individuals with high self-investment, we
observed a marginally significant simple effect of group, such
that parameter estimates were stronger for the in-group than

the out-group, b¼�0.16, SE¼ 0.09, Wald v2 ¼ 3.59, P¼ 0.06.
Among individuals with low self-investment, the coefficient for
group membership ran in the opposite direction, although this
difference was not statistically significant, b¼ 0.09, SE¼ 0.08,
Wald v2 ¼ 1.20, P¼ 0.27. These results suggest that participants’
investment in the in-group predicted relative neural responses
to the monetary gains of in-group and out-group members,
even when they made no allocation decisions. (When we inter-
rogated the small number of voxels identified in our reward
localizer contrast, we observed the same interaction pattern in
right caudate, b¼�0.36, SE¼ 0.18, Wald v2¼ 3.92, P¼ 0.05, but not
left putamen, b¼�0.11, SE¼ 0.28, Wald v2 ¼ 0.31, P¼ 0.58.)
Group-level self-definition was not associated with differential
striatum responses to in-group versus out-group gains
(P¼ 0.23). In sum, group-level self-investment (but not group-
level self-definition) was associated with increasing responses
in ventral striatum to witnessing increasing gains of an in-
group as opposed to out-group member, linking a putative
marker of vicarious reward to motivational components of
social identification.

To ensure these effects were not due to objective differences
in amounts won by each target despite the randomly generated
monetary gains, we analyzed the amount won on forced win
trials. We did not observe a clear effect of target group (P¼ 0.10),
or a target group� self-investment interaction (P¼ 0.39).
Therefore, neural responses were not due to objective differen-
ces in monetary gains, but rather to subjective responses to
those gains.

Discussion

There is extensive evidence that social groups shape prosocial
behavior (Brewer and Kramer, 1986; Tajfel et al., 1971). However,
group-based prosociality could stem from multiple psychologi-
cal processes, including strategic concerns or the intrinsic value
of helping motivationally important others. We tested whether
people’s motivational investment in a social group shapes the
subjective value they place on social goods, beyond mere group
categorization or perceived similarity to group members. By

Table 2. Brain regions that parametrically track choice efficiency

Contrast Anatomical Region Hemisphere Volume (voxels) MNI peak coordinates (mm) (x,y,z) Maximum z score

Increasing efficiency mOFC 182 9, 47, �8 4.05
Supramarginal gyrus R 195 60, �25, 34 4.18
Precuneus 116 6, �55, 19 3.93

Decreasing efficiency ACC/SMA 386 0, 29, 40 5.18
Cerebellum L 95 �45, �61, �32 3.68

Note: mOFC, medial orbitofrontal cortex; ACC, anterior cingulate cortex; SMA, supplementary motor area.

Table 3. Coefficients in regression of mOFC parameter estimates

Effect b SE Wald v2 P

Intercept 0.20 0.04 22.25 <0.0001
Target Group �0.06 0.07 0.68 0.41
SI 0.05 0.06 0.62 0.43
SD 0.05 0.06 0.73 0.39
Group � SI �0.04 0.07 0.27 0.61
Group � SD 0.15 0.06 6.30 0.01

Note: SI, group-level self-investment; SD, group-level self-definition.

Table 4. Coefficients in logistic regression of choice

Effect b SE Wald v2 P

Intercept �1.18 0.21 32.35 <0.0001
Ratio 1.89 0.24 64.16 <0.0001
Target Group 0.02 0.04 0.37 0.54
SI 0.47 0.34 1.97 0.16
SD �0.001 0.35 <0.001 0.997
Ratio � Target 0.005 0.06 0.006 0.94
Ratio � SI 0.12 0.39 0.09 0.77
Ratio � SD �0.29 0.34 0.71 0.40
Target � SI �0.08 0.04 4.58 0.03
Target � SD �0.02 0.03 0.30 0.58
Ratio � Target � SI �0.08 0.09 0.88 0.35
Ratio � Target � SD 0.16 0.09 3.463 0.06

Note: SI, group-level self-investment; SD, group-level self-definition.

Table 5. Coefficients in regression of striatum parameter estimates

Effect b SE Wald v2 P

Intercept �0.03 0.04 0.62 0.43
Target Group �0.04 0.06 0.43 0.51
SI 0.002 0.06 0.002 0.97
SD �0.09 0.04 4.88 0.03
Group � SI �0.17 0.08 4.29 0.04
Group � SD 0.15 0.13 1.43 0.23

Note: SI, group-level self-investment; SD, group-level self-definition.
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studying a relatively large sample, we were able to parse indi-
vidual differences in identification, which critically shape cogni-
tion and behavior in intergroup settings (Ashmore et al., 2004).
Behaviorally, we found that motivational components of
group identification predicted differential giving towards in-
group and out-group members. Using fMRI, we replicated prior
findings demonstrating greater activation in medial orbitofron-
tal cortex when people make prosocial choices (Zaki and
Mitchell, 2011).

Critically, fMRI further allowed us to examine responses
when participants merely witnessed the gains of in-group and
out-group members without making any allocation decisions.
This approach helps preclude a role for strategic concerns.
Motivational components of identification predicted differential
ventral striatum responses when in-group and out-group mem-
bers won increasing amounts of money. In past work, ventral
striatum has been strongly associated with reward processing
(Garrison et al., 2013; Clithero and Rangel, 2014), including vicar-
ious reward (Varnum et al., 2014; Sul et al., 2015). These findings
suggest that social identification can shape the subjective value
of another person’s outcomes.

In theories of intergroup prosociality, some perspectives
have viewed in-group favoritism as primarily driven by strategic
concerns (Yamagishi and Kiyonari, 2000; Mifune et al., 2010).
However, we observed group-based differences in neural vicar-
ious reward responses even when no choice was required.
These effects cannot easily be explained by strategic concerns,
and instead suggest that identity motivations can alter the
intrinsic value placed on another person’s outcomes. Of course,
in daily life, multiple factors are likely to influence group-based
prosociality, including strategic concerns. Future work could
therefore compare conditions in which strategic motives are
present versus absent—such as when others can or cannot
reciprocate—in order to test their relative impact on behavior
and vicarious reward. However, the present data suggest that
these concerns cannot account for the full picture of intergroup
social behavior.

More broadly, this finding advances understanding of both
vicarious reward and intergroup behavior. Previous work has
suggested that perceived similarity to another person moder-
ates neural vicarious reward responses in ventral striatum
(Mobbs et al., 2009). In contrast, we found that the motivational
significance of identification—but not perceived similarity to
group members—was associated with striatal responses to in-
group versus out-group gains. This finding introduces another
variable—the motivational relevance of another person—that
shapes vicarious reward. This work is consistent with a moti-
vated account of empathic responding in intergroup relations
(Cikara et al., 2014; Zaki, 2014).

We did not observe a main effect of group membership on
prosocial behavior; in fact, those low on group-level self-invest-
ment were more likely to give money to out-group members
than in-group members. (The identification scale was anchored
at ‘strongly disagree’, meaning that low ratings indicate dis-
agreement with statements assessing identification with the
group.) These findings are consistent with the idea that individ-
uals who dislike a social group often react negatively when
categorized as a group member (Branscombe et al., 1999), and
emphasize a motivational framework in which the value of
identity-relevant outcomes depends on the significance of an
identity to an individual (Hackel et al., 2016). Although some
contexts may evoke overall in-group favoritism, identity moti-
vations may lead to more predictable patterns of group-based
giving even in the absence of overall in-group bias.

In this vein, the pattern of responses in ventral striatum was
partly driven by a negative response to in-group gains among
those with low investment in the in-group. It is possible that a
negative response indicates displeasure at seeing an in-group
member win money, or at least displeasure that the in-group
member won money rather than the self. Thus, social identity
may not always lead to positive responses to in-group mem-
bers, but instead may prompt responses consistent with one’s
own motivational orientation toward a group. For high-
identifiers, it is possible that shared group membership miti-
gated the disappointment of not winning a reward oneself.

It is also not entirely clear whether this pattern was a result
of low identification or dis-identification with the in-group. On
one hand, previous work suggests that individuals low on group
identification may resent being categorized as a group member
(categorization threat), and may experience negative affect
when group categorization is salient (Branscombe et al., 1999),
as was true in our experiment. On the other hand, even when
individuals are unambiguously defined as group members, and
do not experience threat from categorization, they may experi-
ence negative affect towards a group and a desire to leave the
group—a phenomenon termed “dis-identification” (Becker and
Tausch, 2014). Dis-identificaiton and categorization threat due
to low identification have been considered distinct processes
(Hamstra et al., 2015). Therefore, future work should more
directly test how each predicts prosocial behavior across
groups. Altogether, however, the present findings are consistent
with the hypothesis that identification can shape relative
responses to in-group and out-group members.

Notably, people have multiple identities that can become
salient in different contexts (Turner et al., 1987; Van Bavel et al.,
2014), and identity motivations may most strongly impact valu-
ation when the relevant identity is salient. Indeed, people show
enhanced vicarious reward responses when they adopt an
interdependent as opposed to independent self-representation
(Varnum et al., 2014), indicating that salient self-
representations can shape reward processing. Priming a group
identity (as opposed to personal identity) may similarly
enhance the influence of social identification on social
valuation.

One limitation of the present data is that the contrast used
to define a striatal region of interest did not survive correction
for multiple comparisons, identifying only a small number of
voxels. This may have been because we prioritized between-
subjects power (i.e. many participants) over within-subjects
power (i.e. many trials) in order to examine individual differen-
ces, leading to less robust contrasts. However, when interrogat-
ing a small number of voxels within right caudate that did
respond to our localizer, we observed similar results as when
interrogating an ROI generated from a Neurosynth map of the
term ‘reward’. Nonetheless, since these analyses departed from
our initial analysis strategy, these results may be considered
exploratory and would benefit from future replication with a
more robust localizer.

Conclusion

The present research offers evidence that social identification
can influence the subjective value of social goods. Using neuroi-
maging, the present study demonstrates that even neural
responses measured in the absence of behavior—and thus in
the absence of strategic or self-presentational motives—can
reflect group identification, highlighting the value of neuroi-
maging for studying subjective value in social contexts. To the
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extent that people feel invested in a social group, they may be
particularly responsive to the outcomes of others in that group,
and to the extent that people distance themselves from a group,
they may devalue the in-group’s well-being. More broadly, these
findings support a framework in which motivationally salient
identities can shape value-based decisions across multiple
domains (Turner et al., 1987; Akerlof and Kranton, 2001).
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