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Abstract
Prosocial decisions can be difficult because they often involve personal sacrifices that do not
generate any direct, immediate benefits to the self. The current study used functional magnetic
resonance imaging (fMRI) to understand how individuals decide to provide support to others.
Twenty-five participants were scanned as they completed a task in which they made costly
decisions to contribute money to their family and noncostly decisions to accept personal monetary
rewards. Decisions to contribute to the family recruited brain regions involved in self-control and
mentalizing, especially for individuals with stronger family obligation preferences.
Psychophysiological interaction (PPI) analyses revealed that individuals with stronger family
obligation preferences showed greater functional coupling between regions involved in self-
control and mentalizing with the ventral striatum, a region involved in reward processing. These
findings suggest that prosocial behavior may require both social cognition and deliberate effort,
and the application of these processes may result in greater positive reinforcement during
prosocial behavior.

Many prosocial behaviors benefit another individual but do not generate a direct, immediate
personal benefit. In fact, such behaviors often entail personal sacrifices such as one's time,
money, and personal needs. Therefore, prosocial decisions can be difficult to make because
an individual must weigh the relative value of helping others against zero personal gain or
potentially a personal loss. Nonetheless, people frequently engage in prosocial behaviors
despite the personal sacrifices. The current study seeks to understand the processes
underlying individuals' decisions to provide costly support to others when it involves
overriding their own self-interests.

Traditional economic theory proposed that prosocial decisions were guided by individuals'
desire to maximize their own self-interests, such as the promotion of personal positive
outcomes and the prevention of personal negative outcomes (Fehr and Camerer 2007; Fehr
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and Schmidt 2006; Higgins 1997). A large body of work now suggests that prosocial
behavior may be guided by the social preference to help others, and that such preferences
are inherently rewarding (Fehr and Camerer 2007). For example, individuals gain a sense of
happiness when they help others, including their own kin, their close friends, and charities
(Telzer and Fuligni 2009a; Dunn et al. 2008). Furthermore, neuroeconomic research has
consistently found that the striatum and ventral midbrain, regions of the brain that are
sensitive to reward, are activated when helping others, suggesting that prosocial decisions
may be partly guided by the rewarding nature of the activity. (Harbaugh et al. 2007; Izuma
et al. 2010; Moll et al. 2006; Telzer et al. 2010).

Despite these advances, it still remains unclear what processes precipitate individuals'
decisions to put the needs of others before their own. Given that prosocial behaviors often
involve personal sacrifices, these decisions likely involve multiple processes. However,
previous work has primarily focused on the rewarding nature of these behaviors and has
been largely silent about other processes involved during the decision making process. In
order to make prosocial decisions, individuals likely rely on the ability to (1) inhibit their
own immediate personal desires and (2) take the perspective of others in order to understand
their needs and values, processes known as self-control and mentalizing, respectively.

Prosocial Decisions and Self-control
When making prosocial decisions, it is often necessary to exhibit self-control to resolve
conflict between prosocial motives and self-interests in order to put the needs of another
before one's own immediate needs (Fehr and Camerer 2007). Self-control is the ability to
regulate, manipulate, or control one's impulsive thoughts, feelings, and behaviors.
Neuroimaging research has consistently found the bilateral ventrolateral prefrontal cortex
(VLPFC) and bilateral dorsolateral prefrontal cortex (DLPFC) to be involved in self-control.
The VLPFC is generally involved in response inhibition and cognitive flexibility and may
help to inhibit one's own immediate reaction during the consideration of another's needs
(Cohen and Lieberman 2010; O'Doherty et al. 2003; Samson et al. 2005; Vogeley et al.
2001). The DLPFC is generally involved in effortful, high level cognitive control and plays
a role in selecting between competing possibilities, inhibiting self interested tendencies, and
overriding selfish impulses (Frith 2000). Self-control processes have been shown to activate
both the right and left VLPFC and DLPFC (Lieberman 2010), suggesting that there is often
bilateral engagement of these regions during self-control. Thus, the VLPFC and DLPFC
may help individuals to resolve conflict between selfish and prosocial motives in order to
make decisions that benefit another, even when they come at a personal cost.

Prosocial decisions and mentalizing
Prosocial decisions may also be guided by the ability to shift attention from oneself to the
needs, goals, and values of others, a process known as mentalizing. Neuroimaging research
has consistently found a network of brain regions involved inmentalizing. The most
commonly implicated regions include the dorsomedial prefrontal cortex (DMPFC), temporal
parietal junction (TPJ) and posterior superior temporal sulcus (pSTS) (Lieberman 2010).
These regions play a key role in theory of mind (i.e., understanding the minds of others),
perspective taking, and shifting attention to focus on the needs and values of others (Frith
and Frith 2003; Hare et al. 2010; Ruby and Decety 2003, Mitchell 2008; Saxe and
Kanwisher 2003). Activation of these regions during mentalizing is largely bilateral
(Lieberman 2010). In addition, the medial prefrontal cortex (MPFC) may be particularly
relevant to mentalizing about specific others who are viewed as similar or close to oneself
(Mitchell et al. 2005, 2006). Together, these regions may play a role in prosocial behaviors
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by helping an individual to shift attention away from one's own self interests to the needs
and values of others, particularly when thinking about close family and friends.

Prosocial decisions and the family
In the current study, we examined the neural networks involved in prosocial decisions to
help family members. Previous research has largely examined prosocial behavior towards
strangers or charities. However, most helping behavior occurs between individuals who
know one another well (Aronson et al. 2007).We focus on helping the family because it is a
salient and frequent type of prosocial behavior, often occurring on a daily basis. For
instance, 98% of adolescents from diverse cultural and economic backgrounds report
helping their family on a weekly basis (Telzer and Fuligni 2009a).

Despite their frequency, decisions to help the family can be difficult, especially when they
require personal sacrifices. Individuals must make important decisions that involve putting
the family's needs before their own and delaying personal impulses and desires in order to
help the family. For example, in our behavioral work, we found that those who assist their
family more report greater demands at home, spend less time with their friends, and often
show declines in their academic performance (Telzer and Fuligni, 2009a, Telzer and Fuligni
2009b; Fuligni and Pedersen 2002). Despite these personal sacrifices, when individuals help
their family they report a greater sense of happiness and feelings of role fulfillment (Telzer
and Fuligni 2009a) and show activation in a network of brain regions sensitive to reward,
including the ventral and dorsal striatum and ventral tegmental area (Telzer et al. 2010).
Together, these findings suggest that decisions to help the family are demanding and costly
but also rewarding.

Family obligation values and preferences
In young adulthood, individuals often gain a deeper understanding of their social and
communal obligations, and they consider ways in which they can help others, including their
family (Arnett 1998; Fuligni and Pedersen 2002). As a result, individuals' sense of
responsibility to assist their family and take into account the needs and wishes of their
family when making decisions increases during the transition to young adulthood, often
reaching levels higher than those in the adolescent years (Fuligni et al. 1999; Fuligni and
Pedersen 2002). A stronger sense of family obligation during young adulthood may
represent individuals' striving for a balance between independence and family solidarity and
connection (Fuligni and Pedersen 2002).

Social psychologists and economists have stressed the important role that values and
preferences play in determining when and how individuals choose to help others (Caprara
and Steca 2007; Fehr and Fishbacher 2002). Prosocial preferences, such as family
obligation, shape an individual's capacity to put others' needs before one's own (Caprara and
Steca 2007; Fehr and Fishbacher 2002). In particular, individuals who more strongly value
helping others and putting others' needs before their own are more likely to take another's
perspective, assign priority to another's welfare, and regulate their own behavior and
emotions in order to meet another's needs (Caprara and Steca 2007). Thus, individuals who
more strongly endorse family obligation preferences may think about their family's needs
and values and exert self-control so as to make decisions that optimize the overall benefits to
their family, a process involving both self-control and mentalizing. In the current study, we
measure participants' values and preferences to engage in prosocial behaviors towards their
family and how these family obligation preferences relate to the recruitment of brain regions
involved in self-control and mentalizing.
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Linking mentalizing and self-control processing with reward activation
during prosocial decisions

In our previous work, we found that activation of regions associated in reward (e.g., ventral
and dorsal striatum and ventral midbrain) were modulated by cultural differences and prior
family experiences when making costly contributions to the family (Telzer et al. 2010).
Specifically, Latino individuals exhibited greater recruitment of reward-related regions
when choosing to help their family compared to White individuals, and those who had
experienced more fulfillment from assisting their family 2 years prior to the scan exhibited
greater reward activation when helping their family, regardless of their cultural background.
This prior work demonstrated the important role that culture and experience play in the
rewarding nature of family assistance decisions. Here, we build upon this prior work by
focusing on the specific role that mentalizing and self-control processes play during
prosocial decisions to help the family and whether the application of these processes result
in greater positive reinforcement, leading to a reward inducing, prosocial decision.

To test this possibility, we conducted psychophysiological interaction (PPI) analyses in
order to examine if there is functional coupling between regions involved in self-control and
mentalizing with the ventral striatum, a brain region that has consistently been linked with
the reward associated with helping and supporting others (Harbaugh et al. 2007; Izuma et al.
2010; Moll et al. 2006; Telzer et al. 2010). In our previous work, we found significant
variability in the extent to which individuals recruited the ventral striatum when making
costly contributions to their family (Telzer et al. 2010), suggesting that ventral striatal
recruitment may be modulated by other neural processes during prosocial decisions.
Functional coupling between neural regions involved in self-control and mentalizing with
the ventral striatum could help us understand the neural precursors that promote a reward
inducing decision.

The current study
In the current study, we used fMRI to help elucidate the neural mechanisms that support
prosocial behavior. We tested four key questions: (1) Do decisions to help the family recruit
brain regions involved in mentalizing and self-control? (2) Do individuals who more
strongly endorse family obligation preferences recruit these neural regions to a greater
extent than individuals who do not value family obligation? (3) Is there functional coupling
between brain regions involved in self-control and mentalizing with the ventral striatum? (4)
Is this functional coupling greater for individuals who more strongly endorse family
obligation?

Methods
Participants

Participants included 25 individuals from Latin American (N = 14) and European (N = 11)
backgrounds (Mage = 20.2 years; 13 females), the same sample as that described in Telzer et
al. (2010). Twenty-one participants were attending a 2- or 4-year college, and 12
participants were living at their parents' home at the time of the scan. Participants reported
no MRI contraindications (i.e., metal in their bodies, claustrophobia, pregnancy) and spoke
and read English fluently. All participants provided written consent in accordance with
UCLA's Institutional Review Board.
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Procedures
Participants came to the UCLA Brain Mapping Center where they completed a family
assistance task during an fMRI scan (see below). Upon completion of the scan, participants
completed several questionnaires including a measure indicating their family obligation
preferences and were paid in cash according to their earnings on the task.

Family obligation preferences
In order to measure participants' preferences for helping their family, participants used a 5-
point scale to respond to 25 questions describing their attitudes regarding (1) current
assistance to the family, (2) respect for the family, and (3) future support to the family
(Fuligni et al. 1999). Current assistance measured participants' expectations for how often
they should assist with household tasks and spend time with the family, such as “help take
care of your brothers and sisters,” “eat meals with your family,” and “spend time with your
family on weekends.” Respect for the family measured participants' beliefs about the
importance of respecting and following the wishes, desires, and expectations of other family
members, such as “make sacrifices for your family,” “respect your older brothers and
sisters,” and “show great respect for your parents.” Future support to the family measured
participants' beliefs about the importance of providing support and being near their families
in the future, such as “help your parents financially in the future,” “help take care of your
brothers and sisters in the future,” and “have your parents live with you when you get
older.” All 25 items were averaged to create one index, Family Obligation Preferences,
which ranged from 1 to 5,with higher numbers indicating greater family obligation
preferences. This index was used as a regressor in the fMRI analyses. Mean Family
Obligation Preference in the current study was 3.22 (SD = .67), ranging from 1.63 to 4.02.

fMRI Paradigm
During the fMRI scan, participants completed the Family Assistance Task adapted from
Moll and colleagues' neuroimaging task on charitable donations, (Moll et al. 2006) and used
in our previous work (Telzer et al. 2010). Participants were told that they could earn as little
as $0 and as much as $100 each for themselves and their family on each of the two
functional runs of the task, and one run would be randomly chosen for which they would be
paid in cash at the end of the scan and their families' earning would be mailed. Participants
were instructed that costly decisions would result in the loss of money from their personal
endowment earned during the task. In order that participants thought of their own and their
families' endowments separately, they were told that they could not spend their earnings on
their family and their family could not spend their earnings on the participant.

On each trial of the task, participants were presented with a payment offer that could affect
their own and their family's endowments. Using a handheld buttonbox, participants were
instructed to press one button to reject the entire offer and a second button to accept the
entire offer. The task included four types of payments: (1) Noncostly-Reward trials, which
entailed a monetary gain for the participant at no expense to their family's endowment (e.g.,
YOU + $2.00 FAM − $0.00); (2) Noncostly-Donation trials, which entailed a monetary gain
for the family at no expense to the participant's endowment (e.g., YOU − $0.00 FAM +
$2.00); (3) Costly-Reward trials, which entailed a monetary gain for the participant and a
monetary loss for their family (e.g., YOU + $2.00 FAM − $1.00); and (4) Costly-Donation
trials, which entailed a monetary gain for the family and a monetary loss for the participant
(e.g., YOU − $1.00, FAM + $2.00). The values of these payments ranged from −$3.00 to +
$8.00 to reduce participant fatigue and heuristic responding (Andreoni and Miller 2002;
Harbaugh et al. 2007). The costly trials varied in terms of the ratio of the amount of gain to
the amount of loss in order to vary the difficulty of the decisions and obtain a wider range of
individual differences in responses. The gain, however, was always greater than the loss.
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Participants completed 64 unique payment trials, each presented once per run, totaling 128
trials. Pilot testing suggested that the noncostly trials were accepted nearly 100% of the time
whereas there was substantial variability in the acceptance rates for the costly trials.
Therefore, the Noncostly-Reward and Noncostly-Donation payments were each shown 24
times, and the Costly-Donation and Costly-Reward payments were each shown 40 times to
ensure a high enough acceptance rate to perform statistical analyses. Run order was
counterbalanced across participants, and the payment types were pseudo-randomly ordered
to optimize design efficiency (Wager and Nichols 2003). Each payment offer was presented
for 3.5 s, followed by a fixation for an inter-trial period that was jittered, lasting 1.5 s on
average. If participants did not make a decision during the payment offer, they were told it
would count as a rejection. Participants were not shown the running total of their own or
their family's endowments.

In the current study, we focus on two payment types: Costly-Donations and Noncostly-
Rewards. Costly-Donation trials involve a conflict between participants' personal
endowment and their desire to contribute to their family. Decisions to accept Costly-
Donations involve a self-sacrifice that most closely approximates prosocial, altruistic
decisions. In contrast, Noncostly-Reward trials only involve a personal gain that does not
affect the family's endowment. These decisions are hedonistically rewarding and are
consistently linked with activation in reward-relevant brain regions, such as the ventral
striatum (Moll et al. 2006). Given that Costly-Donation trials tend to be more difficult and
involve conflict and self-sacrifice, we examined whether making costly donations to one's
family engaged neural regions associated with self-control and mentalizing and how this
contrasted with gaining a personal reward.

fMRI data acquisition
Images were collected using a Siemens Trio 3-Tesla MRI scanner. For each participant, an
initial 2D spin-echo image (TR = 4000 ms, TE = 40ms, matrix size 256 × 256, 4-mm thick,
1-mm gap) in the sagittal plane was acquired in order to enable prescription of slices
obtained in structural and functional scans. A high-resolution structural T2*weighted echo-
planar imaging volume (TR = 4000ms, TE = 54 ms, matrix size 128 × 128, FOV = 200mm,
36 slices, 1.56 mm in-plane resolution, 3 mm thick) was acquired coplanar with the
functional scans for functional image registration during fMRI analysis preprocessing. The
family assistance task was presented on a computer screen through MR-compatible goggles.
The task was completed during two functional scans lasting 5 min, 33 s each (echo planar
T2*weighted gradient-echo, TR = 3000 ms, TE = 25 ms, flip angle = 90°, MATRIX SIZE
64 × 64, FOV = 200 mm; 3 mm voxel, skip 1 mm).

fMRI data analysis
Neuroimaging data were preprocessed and analyzed using Statistical Parametric Mapping
(SPM5;Wellcome Department of Cognitive Neurology, Institute of Neurology, London,
UK). Preprocessing for each participant's images included slice-timing to adjust for temporal
differences in slice acquisition within each volume, spatial realignment to correct for head
motion(no participant exceeded 2 mm),normalization into a standard stereotactic space as
defined by the Montreal Neurological Institute and the International Consortium for Brain
Mapping, and spatial smoothing using an 8 mm Gaussian kernel, full width at half
maximum, to increase the signal-to-noise ratio.

The task was modeled as an event-related design. Using a two level procedure, we
conducted a random effects fMRI data analysis. First, linear contrasts comparing Costly-
Donations to Noncostly-Rewards were calculated for each participant. Events were modeled
with a 3.5 s duration beginning with the appearance of the payment screen. Next, the
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individual subject contrasts were submitted to random-effects, group-level analyses. We
conducted whole-brain regression analyses to examine how family obligation preferences
related to neural activity when making financial contributions to one's family. Family
obligation preferences were entered as a regressor in the contrast of Costly-Donation versus
Noncostly-Reward trials.

Next, we conducted psychophysiological interaction (PPI; Friston et al. 1997) analyses to
examine how a sense of family obligation relates to functional coupling between regions
involved in self-control and mentalizing and the ventral striatum. For each participant, we
extracted the deconvolved time-course from the ventral striatum, which was a structurally
defined ROI used in our previous study (Telzer et al. 2010). We then calculated the product
of this deconvolved activation time-course and the vector of the psychological variable of
interest (1 for Costly-Donation; −1 for Noncostly-Reward) to create the psychophysiological
interaction term. Individual level PPIs were computed for each subject, with three
regressors: the interaction term, the physiological variable (ventral striatum time course),
and the psychological variable (Costly-Donation versus Noncostly-Reward). Two contrasts
were specified for each individual-level PPI (100 and −100) reflecting activations that were
either positively or negatively related to the PPI interaction term, respectively. The
individual-level PPIs were then entered into a random-effects group-level regression
analysis, in which family obligation preferences were entered as a regressor, contrasting
connectivity patterns between Costly-Donation versus Noncostly-Reward trials.

All neuroimaging analyses used a false discovery rate (FDR) correction of p < .05 to correct
for multiple comparisons. A priori ROIs were created for the Self-Control and Mentalizing
areas separately using the Wake Forest University Pickatlas Tool (Maldjian et al. 2003) and
the Automated Anatomical Labeling atlas (AAL; Tzourio-Mazoyer et al. 2002). Using ROIs
adds specificity to our analyses relative to a whole-brain search and helps to minimize the
Type I error rate. The Self-Control ROI included the bilateral DLPFC and VLPFC, depicted
in red in Fig. 1a. The DLPFC was defined using a combination of AAL's superior and
middle frontal gyri, pars opercularis, and pars triangularis, all superior to and including the
axial plane at MNI z = 2, and lateral to MNI x = 20 and x = −20 in the sagittal plane. The
VLPFC was defined using a combination of AAL's superior, middle, and inferior frontal
gyri, between MNI z = 0 and −10 in the axial plane, and lateral to MNI x = 20 and x = −20
in the sagittal plane. The Mentalizing ROI included the bilateral TPJ and pSTS, which are
depicted in blue in Fig. 1a, as well as the MPFC and DMPFC, depicted in blue in Fig. 1b.
The TPJ was defined using the union of Brodman's areas 22, 39, and 40, and restricting the
ROI to include the sagittal plane lateral to x = 38 and −38, between and including the
coronal plane at MNI y = −40 and −68, and between and including the axial plane at MNI z
= 22 and 38. The pSTS was defined using Broadman's area 22 and restricting the ROI to
include the sagittal plane lateral to and including MNI at x = 42 to −42, between and
including the coronal plane at MNI y = −38 to −58, and between and including the axial
plane at MNI z = 16 to −2. The DMPFC was defined using the union of Brodman's areas 8
and 9, between and including the sagittal plane at MNI x = 12 and −12, superior to and
including the axial plane at MNI z = 24, and anterior to and including the coronal plane at
MNI y = 30. Finally, the MPFC was defined using Brodman's area 10, between and
including the sagittal plane at MNI x = 12 and −12, between and including the axial plane at
MNI z = −10 and 24, and anterior to and including the coronal plane at MNI y = 30. We
submitted both the Self-Control and Mentalizing ROIs to a Monte Carlo simulation
implemented using AlphaSim in the software package AFNI (Ward 2000). Results of
AlphaSim indicated a voxel-wise threshold of p < .005 combined with a minimum cluster
size of 22 in the Mentalizing regions, 25 in the Self-Control regions, and 43 in non a priori
regions, corresponding to p < .05, False Discovery Rate (FDR) corrected within each search
space. Because the variables of interest often vary by ethnicity, we controlled for ethnicity
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by entering dummy-coded ethnicity as a covariate in all analyses. Coordinates are reported
in Montreal Neurological Institute (MNI) format. For visual presentation, clusters were
surface rendered using the SPM SurfRend toolbox (Kahn 2008) and overlaid on an inflated
brain using NeuroLens (Hoge and Lissot 2004).

Results
Prosocial decisions to the family

As reported previously (Telzer et al. 2010), participants who contributed financially to their
family in their everyday life were also more likely to accept Costly-Donations during the
Family Assistance Task than were participants who did not contribute to their family, t(23) =
2.98, p < .01, suggesting that the task is ecologically valid. Participants accepted more
Noncostly-Reward (Macceptance = 99.2%) than Costly-Donation (Macceptance = 66.1%) trials,
t(24) = 7.26, p < .001, and earned significantly more money for themselves ($77.51) than for
their family ($48.29), t(24)=5.74, p < .001, suggesting that participants were sensitive to the
different conditions and were concerned about their own endowments. In addition,
participants took longer to make decisions to accept or reject Costly-Donations (Mrt = 1.67
s) than Noncostly-Rewards (Mrt = 1.00s) t(24) = 12.12, p < .001, suggesting that costly
decisions may require more effort. Finally, to examine whether family obligation
preferences were associated with participants' behavioral responses, we conducted
regression analyses controlling for ethnicity. Family obligation was not associated with
participants' acceptance rates, total earnings, or mean response times to the different trial
types (βs = −.31–.34, ps = ns).

Neural regions engaged during prosocial decisions to the family
Our first set of analyses examined whether prosocial decisions to provide support to the
family were related to the recruitment of brain regions involved in self-control and
mentalizing. Whole brain analyses revealed that decisions to accept Costly-Donation trials
relative to Noncostly-Reward trials engaged brain regions involved in mentalizing and self-
control (Table 1). Specifically, participants displayed greater activity in the left DLPFC, a
region linked with self-control, as well as greater activity in the DMPFC, a region linked
with mentalizing (Fig. 2).

Neural regions engaged during prosocial decisions to the family that correlated positively
with family obligation preferences

Next, we examined whether the recruitment of brain regions involved in self-control and
mentalizing would be greater for individuals who placed higher value on supporting,
respecting, and spending time with their family. We correlated family obligation preferences
with neural activity for Costly-Donation versus Noncostly-Reward trials. Whole-brain
regression analyses revealed that participants who placed greater value on supporting,
respecting, and spending time with their family showed greater activation in regions
involved in self-control and mentalizing (Table 2). Specifically, participants displayed
greater activity in the left DLPFC, a region linked with self-control, as well as greater
activity in the right TPJ, and bilateral pSTS, regions linked with mentalizing (Fig. 3).

Neural connectivity with the ventral striatum during prosocial decisions to the family
Next, we examined whether neural regions sensitive to self-control and mentalizing may be
a precursor to the rewarding nature of giving by carrying out psychophysiological
interaction analyses. Whole brain PPI analyses revealed that no brain regions were coupled
with the ventral striatum during Costly-Donation relative to Noncostly-Reward decisions.
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Neural connectivity with the ventral striatum during prosocial decisions to the family that
correlated positively with family obligation preferences

To test whether there were individual differences in the extent to which participants
displayed functional coupling between neural regions associated with self-control and
mentalizing with the ventral striatum, we conducted whole-brain regression analyses
correlating family obligation preferences with individuals' PPI coefficients for Costly-
Donation versus Noncostly-Reward trials. We expected that ventral striatum-self-control
and ventral striatum-mentalizing interactions would be stronger for individuals who placed
greater value on supporting, respecting, and spending time with their family. Participants
who reported greater family obligation preferences showed greater functional coupling
between the ventral striatum and the left VLPFC, a region linked with self-control, as well
as the MPFC and DMPFC, regions linked with mentalizing (Fig. 4; Table 3).

Discussion
In the current study, we examined the underlying neural mechanisms that may promote
prosocial decisions. Prosocial decisions are often governed by competing rewards between
one's own self-interests and the desire to help another. Our study suggests that individuals
with prosocial preferences utilize neural processes involved in self-control and mentalizing
when making prosocial decisions, and these neural activations may be a precursor to the
rewarding nature of giving to others.

Although prosocial behaviors may be inherently rewarding, the decision to help is typically
not an automatic process. Individuals must weigh the relative value of helping others with
their own self interests and resolve conflict between the two in order to put the needs of
another before their own. Behavioral results from our study show that costly decisions take
significantly longer to make than personal monetary reward decisions, and costly decisions
are related to activation of neural regions involved in self-control. These findings suggest
that such prosocial behaviors are not automatic and may involve a degree of personal
inhibition in order to resolve conflict between self interests and social motives to ultimately
make decisions that help another. In addition to self-control, individuals recruited brain
regions involved in mentalizing when making decisions to help their family, suggesting that
these decisions also involve shifting attention from one's own self interests to the needs and
values of the family.

Researchers have proposed that social preferences shape and govern prosocial behavior
(Fehr and Fishbacher 2002; Fehr and Schmidt 2006; Caprara and Steca 2007). The extent to
which individuals care about the well being of others has important consequences for their
prosocial behavior. In the current study, we measured individuals' family obligation
preferences and found that those who placed greater value on the support and respect of their
recruited brain regions involved in self-control and mentalizing to a greater extent when
making prosocial decisions. These regions were distinct from those found in the main effect
of costly-donations versus noncostly-rewards. Thus, individuals with stronger family
obligation preferences may be doing something qualitatively different, such as maintaining
social rules in memory when they make these decisions. Individuals with lower family
obligation preferences showed neural activation around and below zero, suggesting that they
were not recruiting brain regions involved in self-control and mentalizing when making
prosocial decisions. In fact, activation below 0 suggests that individuals with the lowest
family obligation preferences were showing greater neural activation to Noncostly-Reward
decisions than Costly-Donations.

Furthermore, individuals who valued helping their family more showed greater functional
coupling between the ventral striatum and regions involved in self-control and mentalizing,
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suggesting, in part, that these neural regions may promote a reward inducing decision for
individuals who value helping. Although we propose that the recruitment of brain regions
involved in self-control and mentalizing facilitate prosocial behaviors and ultimately enable
individuals to gain a sense of reward from helping their family, it is also possible that
individuals who value family obligation feel more rewarded from helping and thus recruit
more self-control and mentalizing. Finally, we did not find a main effect of ventral striatum
activation to Costly-Donation compared to Noncostly-Reward decisions. This is consistent
with our previous work, in which we found variability in the extent to which individuals
recruited the ventral striatum when making costly contributions to their family (Telzer et al.
2010), suggesting that ventral striatal recruitment may be modulated by other neural
processes during prosocial decisions. Indeed, in the current study, we found ventral striatum
activation only in conjunction with neural regions involved in self-control and mentalizing
for individuals who value family obligation preferences, suggesting that the extent of ventral
striatal activation to prosocial decisions depends upon individual differences and is not a
uniform, main effect.

We believe that the capacity to recruit self-control and mentalizing during prosocial
decisions depends on individuals' values and prosocial preferences (Caprara and Steca 2007;
Fehr and Fishbacher 2002), but it is also possible that individuals who recruit these neural
processes to a greater extent develop more prosocial preferences over time. Longitudinal
research should test this latter possibility. If it is true that prosocial preferences guide neural
processing, future research could test whether making prosocial behavior motivationally
significant for any individual leads to increased self-control and mentalizing activations.
This could have important implications for increasing prosocial behavior in the general
population.

Economic research has attempted to understand why and how prosocial behaviors occur.
Most previous work has focused on prosocial behaviors towards strangers and charities. Yet,
a majority of prosocial behavior occurs on a daily basis between individuals who know each
other well, such as one's family. Our study extends the large body of social neuroecomomic
research by exploring helping behavior towards the family. We cannot empirically
differentiate whether our findings are family-specific or whether we are tapping prosocial
behavior toward others more generally. We do not know from our data whether individuals
would also use self-control and mentalizing processes when making decisions to help
unknown others. If individuals don't know another's needs, goals, or values, they may be less
likely to mentalize when making decisions to help them. Furthermore, there may be less at
stake if individuals make a decision to help a stranger instead of a close other and thus the
conflict between the self and other may be minimized, so they may be less likely to use self-
control. Future research should examine whether charitable donations engage regions
involved in self-control and mentalizing and whether these regions are related to reward
activation.

In summary, prosocial decisions can be complex and difficult to make. Such decisions often
involve personal sacrifices that do not incur any direct immediate benefits to the self. Thus,
individuals must weigh the relative value of helping others. Our findings suggest that
multiple neural processes are involved in these decisions, including mentalizing and self-
control. The capacity to utilize these neural processes is shaped, in part, by individual
differences in other-regarding preferences, which together may help individuals to make
prosocial decisions and ultimately gain a sense of reward.
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Fig. 1.
The self-control and mentalizing ROIs. (a) Self-control regions are depicted in red and
include the bilateral DLPFC and VLPFC. The Mentalizing regions are depicted in blue and
include the bilateral TPJ and pSTS on the lateral surface and (b) the MPFC and DMPFC on
the medial surface.
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Fig. 2.
Neural regions activated during Costly-Donation relative to Noncostly-Reward trials. The
left image displays the DMPFC activation and the right image displays the DLPFC
activation. See Table 1 for other significant regions activated during Costly Donation versus
Noncostly Reward trials.
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Fig. 3.
Neural regions involved in self-control and mentalizing that correlate positively with family
obligation values during the contrast of Costly-Donation versus Noncostly-Reward trials.
The scatterplots provide a visual depiction of the relationship between family obligation and
the differences in activity during Costly Donation versus Noncostly Reward trials in the left
DLPFC (r = .65, p < .005), right TPJ (r = .75 p < .005), right pSTS (r = .74, p < .005), and
left pSTS (r = .62, p < .005). Other significant regions are listed in Table 2. Note. Values on
the y-axis represent parameter estimates of signal intensity from the contrast of Costly
Donation–Noncostly Reward trials. Parameter estimates of signal intensity for each region
were extracted for each individual from the entire, group-level cluster of activation.
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Fig. 4.
Functional coupling between neural regions involved in self-control and mentalizing and the
ventral striatum that correlate positively with family obligation preferences during the
contrast of Costly Donation versus Noncostly Reward trials. The scatterplots provide a
visual depiction of neural regions that showed functional coupling with the ventral striatum
that correlated positively with family obligation values during Costly Donation versus
Noncostly Reward trials including the left VLPFC (r = .60, p < .005) and MPFC (r = .71, p
< .005). Other significant regions are listed in Table 3. Note. Values on the y-axis represent
parameter estimates of functional connectivity between the ventral striatum and the brain
region displayed in the figure from the PPI analysis examining Costly Donation–Noncostly
Reward. Parameter estimates of signal intensity were extracted for each individual from the
entire, whole-brain cluster of activation for each significant brain region.
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el
s i

n 
ea

ch
 si

gn
ifi

ca
nt

 c
lu

st
er

. T
he

 fo
llo

w
in

g 
ab

br
ev

ia
tio

ns
 a

re
 u

se
d 

fo
r t

he
 n

am
es

 o
f s

pe
ci

fic
 re

gi
on

s:
 d

or
so

m
ed

ia
l p

re
fr

on
ta

l c
or

te
x 

(D
M

PF
C

), 
ve

nt
ro

la
te

ra
l p

re
fr

on
ta

l c
or

te
x 

(V
LP

FC
),

m
ed

ia
l p

re
fr

on
ta

l c
or

te
x 

(M
PF

C
). 

A
ll 

a 
pr

io
ri 

re
gi

on
s a

re
 li

st
ed

 a
t p

 <
 .0

05
, c

or
re

ct
ed

 fo
r m

ul
tip

le
 c

om
pa

ris
on

s w
ith

 th
e 

re
gi

on
s o

n 
in

te
re

st
. N

o 
re

gi
on

s o
ut

si
de

 th
e 

a 
pr

io
ri 

re
gi

on
s w

er
e 

si
gn

ifi
ca

nt
.
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