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Despite empathy's importance for promoting social interactions, neuroimaging research has largely
overlooked empathy during social experiences. Here, we examined neural activity during empathy for social
exclusion and assessed how empathy-related neural processes might relate to subsequent prosocial behavior
toward the excluded victim. During an fMRI scan, participants observed one person being excluded by two
others, and afterwards sent emails to each of these ‘people.” Later, a group of raters assessed how prosocial
(e.g., helpful, comforting) the emails were. Observing exclusion (vs. inclusion) activated regions associated
with mentalizing (dorsomedial prefrontal cortex, medial prefrontal cortex, precuneus), and highly empathic
individuals activated both mentalizing regions and social pain-related regions (anterior insula, dorsal anterior
cingulate cortex). Additionally, the empathy-related activity in the anterior insula and medial prefrontal
cortex was associated with later prosocial behavior toward the victim, and exploratory mediation analyses
indicated that medial prefrontal cortex activity, in particular, may support the link between trait empathy and
prosocial behavior. Overall, findings suggest that empathy-related neural responses to social experiences may
promote spontaneous prosocial treatment of those in need.
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Empathy is considered to be a foundation of human social
experience. It allows us to understand others’ feelings, even when
they are different from our own, and facilitates prosocial interaction.
In fact, decades of social psychological research on empathy has
emphasized empathy's role as a catalyst for prosocial behavior. For
example, feeling more empathy is associated with greater concern for
others’ welfare (Batson, 1998) and more helping behavior (Batson,
1991, 1998; Dovidio et al., 1990; Schroeder et al., 1988; Oswald, 1996;
Davis, 1983; Davis et al., 1999). Surprisingly, however, neuroimaging
research on empathy has not examined empathy for others’ social
experiences or the neural processes through which this empathy for
others’ social experiences results in spontaneous prosocial actions. In
fact, most of the research on empathy has focused on empathy for
physical pain rather than empathy for negative social experiences
(although see Immordino-Yang et al., 2009), even though observing
negative social experiences is likely to be a more frequent occurrence.
Here, we used functional magnetic resonance (fMRI) to identify
neural regions involved in empathy for a negative social experience—
social exclusion—and explored how neural activity in these regions
related to individuals’ subsequent prosocial behavior toward the
victim of this exclusion.

Behavioral research has suggested that empathy includes two
primary components (Davis, 1983): (1) an affective component that
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involves sharing the emotional experiences of others, and (2) a
cognitive component that involves thinking about and understanding
the mental states of others (‘mentalizing’; Frith et al, 1991).
Unfortunately, with behavioral measures alone, it has been difficult
to differentiate between these two components of empathy or to
examine how each of these components might be involved in social
interactions or relate to empathy-induced prosocial behavior.

Fortunately, recent neuroimaging research has begun to disentan-
gle the affective and cognitive components of empathy by showing
that each relies on distinct neural networks (Decety and Meyer, 2008;
Singer, 2006; Shamay-Tsoory et al., 2009). Specifically, the affective
component of empathy relies on limbic regions that are activated
during direct affective experiences such as fear, disgust, and physical
pain. For example, the dorsal anterior cingulate cortex (dACC) and
anterior insula are activated both during the direct experience of
physical pain and while watching another in pain (Singer et al., 2004;
Jackson et al., 2005; Botvinick et al., 2005). In contrast, the cognitive
component of empathy relies on a network of regions associated with
‘mentalizing,’ the process of thinking about the contents of other
people's minds, and includes the ventromedial, medial and dorsome-
dial prefrontal cortices (VMPFC; MPFC; DMPFC), the posterior
superior temporal sulcus (pSTS), the temporal poles, the posterior
cingulate cortex (PCC), and the precuneus (Frith and Frith, 1999,
2003, 2006, Beer and Hughes, 2010; Mitchell et al., 2005; Singer,
2006; Hynes et al., 2006).

To date, most fMRI research examining empathy has focused on
empathy for physical pain, rather than empathy for social experiences.
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Thus, it is important to extend this work by examining which neural
systems underlie empathy for negative social experiences. Moreover,
given the importance of empathy for facilitating prosocial behavior, it
is important to explore which neural components of empathy
(affective vs. cognitive) are most critical for facilitating prosocial
behavior toward the target of the empathy. While two recent studies
have examined neural correlates of prosocial behavior, these have
focused on associations between various prosocial proclivities and
empathy for physical pain (Hein et al.,, 2010) or general emotional
pain (Mathur et al, 2010), rather than on empathy for social
experiences in particular and the prosocial actions that occur
spontaneously as a result of witnessing these social experiences. To
address these issues, we examined: (a) the neural processes involved
in empathy for a negative social experience (social exclusion); (b)
which of these specific neural networks underlying empathy for social
exclusion related to individuals’ spontaneous prosocial behaviors
toward the victim of the exclusion subsequently; and (c) whether
activity in these empathy-related neural regions might explain some
of the association between empathy and prosocial behavior toward
the victim.

In this study, participants were scanned while they observed three
supposed people playing an online ball-tossing game from which one
player was eventually excluded. First, we assessed neural activity
while participants observed social exclusion compared to inclusion
and explored how activity in these regions correlated with trait
empathy. Based on previous work showing that the same regions are
involved in both direct and observed experiences of physical pain
(dACC, anterior insula; Singer et al., 2004, 2006), we expected that
regions associated with the distressing experience of social exclusion
(dACC, anterior insula; Eisenberger et al., 2003, 2007a,b; DeWall et al.,
2010; Way et al., 2009) would also be activated during empathy for
social exclusion. In addition, we also expected that empathy for social
exclusion would engage neural regions supporting mentalizing
processes (e.g., DMPFC). Although these regions have not been
consistently implicated in studies examining empathy for physical
pain to the same degree as the dACC and anterior insula (i.e., affective/
pain regions), we expected that empathizing with another's negative
social experience might require mentalizing processes, such as
perspective taking, in order to understand the heightened complexity
and ambiguity of social situations, and why incidences of negative
treatment might be occurring.

Next, we examined which of these empathy-related neural
activations was associated with a tendency for subjects to display
spontaneous prosocial behavior toward the excluded victim. Again,
given the potential importance of mentalizing as well as affective
processes, for deciding how to interact with others, we expected that
regions involved in mentalizing during an empathic experience, in
addition to those involved in pain-related processing, might relate to
subsequent prosocial actions toward the victim.

Finally, we performed exploratory mediation analyses to assess
whether any of these empathy-related neural activations might
explain some of the relationship between trait empathy and prosocial
behavior toward the victim. Given previous work showing that
perceived self-other overlap mediates the relationship between
empathic concern and helping behavior (Cialdini et al., 1997), we
expected that regions that have been shown in prior research to be
involved in perceiving others as similar to oneself (i.e., MPFC; Mitchell
et al., 2006) might potentially contribute to the mechanistic processes
linking empathy with prosocial behavior toward those in need.

Method
Participants

Participants included 18 individuals (nine females;
M=20.22 years old, range: 18-24) recruited from undergraduate

classes. Participants were 72% Caucasian and 28% Asian American. All
participants provided written consent in accordance with the
university's institutional review board. Two participants reported
that they had been suspicious about the study's purpose as they were
being scanned. Since they were not outliers on any of the self-report
measures, they were excluded from neuroimaging analyses only.
Thus, there were 16 participants included in neuroimaging analyses
(nine females; M =19.88 years old).

Procedure

Participants were scanned while they observed another supposed
person being excluded during a computerized ball-tossing game
(“Cyberball”; Williams et al., 2000, 2002). They were told that the
study's purpose was to examine neural activity during observed social
interactions and that three previous participants had volunteered to
play the game via the internet during the scan. Participants were
given the first names and genders of these ‘previous participants’ (one
male, one female, and the gender of the excluded player that matched
that of the participant), and were instructed to watch closely and
think about what the players might be thinking or feeling, how they
were treating each other, and what strategies they were using to
decide the recipient of each ball toss. Extensive measures were taken
throughout the study to maintain the believability of the cover story
(e.g., between runs, participants were asked to wait for a short time
while one of the ‘players’ used the restroom). Participants observed
two rounds of Cyberball: one in which everyone was included equally
in the game (60 throws total), and a second during which one player
was excluded for the entire round after being included for only 10
throws. This paradigm has been used successfully in previous
behavioral and neuroimaging studies to simulate social exclusion
and produce distress (Eisenberger et al., 2003, 2007a,b; DeWall et al.,
2010; Masten et al., 2010a; van Beest and Williams, 2006; Zadro et al.,
2004).

Following completion of the fMRI scan, participants completed a
manipulation check to ensure that they had noticed the exclusion of
one player and felt some degree of state empathy as a result. Then,
they emailed messages to all of the players that they observed. The
emails were later scored for how prosocial they were by a group of
raters, and ratings of emails to the victim were compared to ratings of
emails to the other players. Additionally, participants self-reported
their trait empathy (see details of these measures below). After
completing all measures, participants were fully debriefed about the
deception involved in the study.

Behavioral measures

Manipulation check

Following the scan, experimenters asked participants whether
specific events had happened during the game that they observed
(e.g., “one player was treated unfairly,” “all the players participated in
the game the same amount”). Results indicated that all participants had
noticed the exclusion. Participants also indicated the amount of state
empathy they felt while watching the exclusion round by reporting
their feelings for the excluded player using a 5-point scale (1 =not at
all to 5 = very much so). This measure included 10 items, such as “I felt
bad for him/her,” and “It hurt to watch him/her play,” and was highly
reliable (¢=.92),

Emails to Cyberball players

Next, participants were told that they could email the players that
they observed, since they did not meet them in person. To maintain
ecological validity, real email accounts were created for each
participant and all three Cyberball ‘players.’ Participants were
instructed to write whatever they wanted about what they had
observed (but were not explicitly told to mention the exclusion) and
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sent the emails when they finished. Following the final study
debriefing, experimenters obtained participants’ permission to use
these emails.

Prosocial ratings of emails

Eighteen raters who did not interact with the study participants
completed questionnaires designed to assess how ‘prosocial’ the
participants’ emails were to the victim and non-victims. Prosocial
behavior is generally defined as constituting actions that are helpful to
others (e.g., helping, sharing, comforting, rescuing; Batson, 1998;
Dovidio et al., 2006), and here we specifically focused on a subset of
prosocial behaviors that were: (a) directed toward the observed
victim (as opposed to people more generally—as in the case of
charitable donation), (b) relevant to the specific context of social
exclusion, and (c) realistic in the context of email. Thus, we
specifically focused on how much participants tried to support,
comfort, and help the excluded victims through their emails. Research
has shown that social support and connection are desired following
social exclusion (Maner et al., 2007), are effective in reducing
responses to social exclusion and other aversive experiences (Cohen
and Wills, 1985; Eisenberger et al., 2007b; Masten et al., 2010b), and
facilitate recovery of self-esteem and feelings of acceptance following
exclusion—even when they occur via the internet (Gross, 2009). To
this end, raters answered three questions about each email: “Does it
seem like they are trying to comfort this person?”, “How supportive are
they toward this person?”, and “How much do they seem like they are
trying to help this person?”. Raters were asked to consider their
‘general impression’ and to answer each question using a 7-point scale
(1=not at all to 7=very much). For each email, the ratings for the
three questions were averaged across the raters, and a difference
score was computed for each participant indicating how prosocial
their email was to the excluded player, compared to the non-excluded
players (ICC=.89). This difference score was used in order to
specifically assess how much more prosocial participants were toward
a person that they observed being treated unfairly, above and beyond
their prosocial tendencies more generally (i.e., toward the people who
were not excluded).

Trait empathy

Participants self-reported their trait empathy using the Empathy
Index (Bryant, 1982),' which consists of 22 items assessing different
aspects of perspective taking, empathic sadness, and concern for
others (e.g., “It's hard for me to see why someone else gets upset,”
“Seeing a woman/man who is crying makes me feel like crying”).
Participants indicated their agreement with each statement using a 9-
point scale (1=very strongly disagree to 9 =very strongly agree).
Items were reverse coded appropriately and averaged to create one
total composite score for trait empathy (a=.82).

fMRI data acquisition

Images were collected using a Siemens Trio 3-Tesla MRI scanner.
First, a high-resolution structural scan (echo planar T2-weighted spin-
echo, TR=4000 ms, TE = 54 ms, matrix size 128 x 128, FOV =20 cm,
36 slices, 1.56-mm in-plane resolution, 3-mm thick) coplanar with the
functional scans was obtained for functional image registration during
data preprocessing. Then, each round of Cyberball was completed
during a functional scan lasting 168 s (echo planar T2*-weighted
gradient-echo, TR = 2000 ms, TE = 25 ms, flip angle = 90°, matrix size
64 x 64, 36 axial slices, FOV =20 cm; 3-mm thick, skip 1 mm).

1 Given that this sample of adult participants was collected as part of a larger study
examining adolescent brain development, the Empathy Index was selected because of
its relevance for developing populations (see Masten et al., 2010a). This scale was
adapted slightly for an adult sample (e.g., references to “boys” were changed to
“men”).

fMRI data analysis

Neuroimaging data was preprocessed and analyzed using Statis-
tical Parametric Mapping (SPM5; Wellcome Department of Cognitive
Neurology, Institute of Neurology, London, UK). Preprocessing
included image realignment to correct for head motion, normalization
into a standard stereotactic space defined by the Montreal Neurolog-
ical Institute and the International Consortium for Brain Mapping, and
spatial smoothing using an 8-mm Gaussian kernel, full width at half
maximum, to increase signal-to-noise ratio.

Modeling of contrasts

Cyberball was modeled as a block design. Observed inclusion
comprised two blocks (the period of inclusion during round 1 and the
period of inclusion immediately preceding exclusion during round 2),
and observed exclusion comprised the exclusion block. Linear
contrasts comparing observed exclusion to observed inclusion were
calculated for each participant. These individual contrast images were
then used in group level, whole-brain analyses.

Group level, whole-brain analyses

First, we performed a group level contrast comparing observed
exclusion to observed inclusion. Next, we conducted a whole-brain
regression analysis examining correlations between neural activity
during observed exclusion vs. inclusion and self-reported trait empathy.
All whole-brain analyses were thresholded at p<.005, 10 voxels, for a
priori defined regions known to be involved in both mentalizing (e.g.,
DMPFC, MPFC, VMPFC, pSTS, PCC, and precuneus) and the affective
component of empathy (e.g., dACC, anterior insula). This threshold is
typical of studies examining a priori defined regions and comparable to
a corrected threshold of p<.05 (Lieberman and Cunningham, 2009). All
other brain regions were examined at a threshold corrected for multiple
comparisons (corrected for family-wise error in SPM5; p<.05, 10-voxel
minimum cluster size). All coordinates are reported in Montreal
Neurological Institute (MNI) format.

ROI regression analyses

Next, we examined which empathy-related neural regions were
related to subsequent prosocial behavior toward the victim. Each of the
clusters that significantly related to trait empathy was defined as an RO,
and parameter estimates of the difference in activity during observed
exclusion vs. inclusion across every voxel in each cluster were averaged
to obtain the mean difference in activity for each ROL This average
difference in activity for each ROI was then entered as the independent
variable into a regression model predicting the difference score in
prosocial behavior toward the victim vs. the non-victims.

Exploratory mediation analyses

Finally, for each of these ROIs that significantly related to later
prosocial behavior toward the victim, we performed an exploratory
mediation analysis to examine whether empathy-related neural
activity in the ROI might be involved in the link between trait
empathy and prosocial behavior. Of course, in this investigation it was
not possible to include a mediator (i.e., empathy-related neural
activity) that was fully independent from the independent variable
(i.e., trait empathy) given that the neural regions specifically involved
in empathy for negative social experiences have not been previously
identified in any other participant samples. Thus, we performed these
exploratory tests simply as a means of assessing which neural regions
might be important candidates for future examination of the
processes via which empathy precipitates prosocial behavior. First,
we used traditional methods of testing mediation, including Baron
and Kenny's four-step approach to mediation (Baron and Kenny,
1986) and the Sobel test (Sobel, 1982), to examine whether the neural
activity during empathy for social exclusion in each functionally
defined ROI significantly mediated the relationship between trait
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Fig. 1. Activity during observed exclusion vs. observed inclusion in the dorsomedial
prefrontal cortex (DMPFC; 2 54 28), medial prefrontal cortex (MPFC; 4 68 18) and
ventromedial prefrontal cortex (VMPFC; 2 50 —20).

empathy and prosocial behavior toward the victim. Then, given that
these traditional methods can be biased when used with small
samples (Preacher and Hayes, 2008), we also employed a boot-
strapping method (scripted within SPSS; Preacher and Hayes, 2004)
with bias-corrected confidence intervals to further interrogate the
significance of these mediation effects (Preacher and Hayes, 2004;
Shrout and Bolger, 2002). Bootstrap analyses and estimates are based
on 2000 bootstrap samples.

Results
Behavioral results

Descriptive information

Participants reported feeling significant levels of state empathy
(i.e., scores greater than 1) for the excluded player (range: 1.1-4.5;
M=3.23, SD=.81; F=11.40, p<.0001), suggesting that they were
engaging in empathic processes as they witnessed exclusion.
Participants also displayed a range of trait empathy scores (range:
4.86-7.45; M=6.09, SD =.82). Additionally, their prosocial behavior
toward victims (M =4.46, SD=1.35; range: 1.80-6.50) and non-
victims (M =2.03, SD=.50; range: 1.15-3.00) differed significantly
(t=7.94, p<.0001). This difference score (i.e., prosocial behavior
toward the victim above and beyond that displayed toward non-
victims; 0.17-4.24, M=2.30; SD=1.23) was used in all analyses
(subsequently referred to as ‘prosocial behavior toward the victim’).2
Consistent with previous research, trait empathy was positively
correlated with prosocial behavior toward the victim (r=.50, p<.05).

Qualitative results of emails

There was substantial variability in how prosocial participants’ emails
were to the victims of the exclusion. For example, the following email to
the victim was rated the most prosocial (prosocial score =6.50):

“Dear Adam, While watching your game of Cyberball I noticed you
may have felt left out when Erika and Danny were consistently
throwing the ball to each other. I just wanted to say I'm sorry that
happened and I am sure there is some explanation that has nothing
to do with you. You seemed to be a great ball thrower.”

Whereas, the following email to the victim was rated the least
prosocial (prosocial score =1.80):

“Hey Anna, Thanks for participating in the game with the other two
participants. It was an interesting game, and I hope that you had fun!”

2 There were no meaningful differences in any of the behavioral or neuroimaging
analyses if prosocial ratings of victim emails were used instead of the difference in
prosocial ratings of victim vs. non-victim emails.

Table 1

Regions activated during observed exclusion compared to observed inclusion.
Anatomical region BA X y z t k p
DMPFC 9 R 2 54 28 4.01 384 <0005

8 R 8 36 58 549 625 <.0001

MPFC 10 R 4 68 18 440 384  <.0005
VMPFC 11 R 2 50 —20 522 131 <0001
Precuneus 7 R 10 —78 60 3.84 28 <.001

Note. BA refers to putative Brodmann's Area; L and R refer to left and right hemispheres;
X, y, and z refer to MNI coordinates in the left-right, anterior-posterior, and inferior—
superior dimensions, respectively; t refers to the t-score at those coordinates (local
maxima). The following abbreviations are used for the names of specific regions:
dorsomedial prefrontal cortex (DMPFC), medial prefrontal cortex (MPFC), and
ventromedial prefrontal cortex (VMPFC).

In contrast, there was relatively little variability in prosocial ratings
of the emails to the non-victims. The following is a typical example
(prosocial score =1.63):

“Hey Danny, Hope you had fun participating in the Cyberball game!
Thanks for taking your time out to participate in this study!”

Neuroimaging results

Neural activity during observed exclusion vs. observed inclusion

A whole-brain contrast revealed that participants displayed
greater activity in neural regions previously linked with mentalizing
when they observed someone being excluded vs. included by others
(Fig. 1). Specifically, there were two significant clusters of activity in
the DMPFC as well as significant activity in the MPFC, VMPFC, and
precuneus (Table 1). Thus, when observing another person's social
interactions, individuals may utilize mentalizing processes more
when they observe someone being excluded than when they observe
a group of people treating each other equally. Interestingly, unlike
previous studies of empathy for physical pain, there were no social
pain-related neural activations in response to viewing another
experiencing social pain.

Regions associated with trait empathy

Next a whole-brain regression analysis was performed in order to
identify brain regions that correlated with individuals’ empathic
ability. This analysis revealed significant positive correlations be-
tween participants’ self-reported trait empathy and activity during
observed exclusion versus inclusion in several neural regions
previously linked with mentalizing as well as social pain processing.
First, greater trait empathy was associated with more activity in the
DMPFC, MPFC, and PCC (Table 2), suggesting that individuals who
report having greater empathic ability may also engage in more
mentalizing. In addition, greater trait empathy was also associated
with more activity in the bilateral anterior insula (Fig. 2a) and dACC
(Fig. 2b; Table 2), suggesting that individuals who report being more
empathic also display more social pain-related activity when
observing another person being excluded. There were no negative
correlations between self-reported trait empathy and activity during
observed exclusion versus inclusion.?

3 Participants’ feelings of empathy for the excluded player were collected primarily
as part of the manipulation check to ensure that participants were engaging in
empathic processes as they witnessed exclusion. However, whole-brain regressions
indicated that these exclusion-related empathy ratings correlated with brain activity
in ways similar to trait empathy. Specifically, individuals who felt more empathy for
the excluded player displayed greater activity in regions previously linked with
mentalizing (i.e., DMPFC [2 40 50], t=3.49, r=.68, p<.005, k=40, and [14 30 64],
t=4.30, r=.75, p<.0005, k=1129; MPFC [10 50 26], t=5.23, r=.81, p<.0001,
k=285; PCC/Precuneus [8 —60 50], t=5.39, r=.82, p<.0001, k=821), and social pain
processing (i.e., dACC [16 24 50], t=3.35, r=.67, p<.005, k=1129).
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Table 2
Regions activated during observed exclusion compared observed inclusion that
correlated significantly with trait empathy scores.

Anatomical region BA X y z t r k p

Positive associations with trait empathy

Anterior insula R 42 20 —6 476 .86 825 <0005
L —46 18 -8 622 83 675 <0001
dACC 24 L -2 12 30 478 .74 105 <.0005
DMPFC 8 L -2 30 58 536 .79 271 <0001
MPFC 10 R 4 70 16 415 .90 63 <0005
PCC 7 0 —50 46 374 .70 57 <001

Note. BA refers to putative Brodmann's Area; L and R refer to left and right hemispheres;
X, y, and z refer to MNI coordinates in the left-right, anterior-posterior, and inferior-
superior dimensions, respectively; t refers to the t-score at those coordinates (local
maxima); r refers to the correlation coefficient representing the strength of the
association between trait empathy scores and the average difference between activity
during observed exclusion and activity during observed inclusion across the entire
cluster in each specified region. The following abbreviations are used for the names of
specific regions: dorsal anterior cingulate cortex (dACC), dorsomedial prefrontal cortex
(DMPFC), medial prefrontal cortex (MPFC), and posterior cingulate cortex (PCC).

Empathy-related neural activity associated with writing prosocial emails
to victims

Next, we explored which empathy-related neural processes might
contribute to individuals’ subsequent efforts to act prosocially toward
the victim. To do this, we first examined whether greater neural activity
in the regions that were associated with trait empathy was associated
with higher prosocial email scores to the victim. There were six regions
of interest (ROI), in which activity during observed exclusion vs.
inclusion correlated with trait empathy: MPFC, DMPFC, PCC, dACC, right
anterior insula, and left anterior insula. Parameter estimates were
extracted from each of these regions and regression analyses were run
to see if neural activity in each ROI related to subsequent prosocial
behavior toward the victim. Regression analyses revealed that neural
activity in two ROIs related to subsequent prosocial email scores: the

Trait empathy

Trait empathy

385

MPEC ([4,70,16], B=.69, p<.005; Fig. 3a) and the right anterior insula
([42,30,—6], B=.60, p<.05; Fig. 3b). Thus, neural activity associated
with empathy for social pain in each of these regions related to
individuals’ later prosocial behaviors toward the victim.

Exploratory mediation analyses

Finally, we examined whether the neural activity in either of these
two ROIs (MPFC and right anterior insula) might serve as a potential
mediator of the link between trait empathy and prosocial behavior
toward the victim. First, we performed these exploratory mediation
tests separately for each of these regions according to the four-step
approach outlined by Baron and Kenny (1986). As reported above,
trait empathy significantly related to prosocial behavior toward the
victim (3=.51, p<.05 for the 16 participants included in neuroima-
ging analyses), fulfilling step 1, and trait empathy related to neural
activity (MPFC: 3=.90, p<.0005; right anterior insula: 3=.86,
p<.0005), fulfilling step 2. For step 3, we examined whether activity
in the MPFC and right anterior insula significantly related to prosocial
behavior toward the victim, after controlling for trait empathy.
Activity in the MPFC was positively associated with prosocial behavior
toward the victim after controlling for trait empathy (3=.52, p<.05),
and the resulting relationship between trait empathy and prosocial
behavior toward the victim became nonsignificant (3= —.25, ns)
after controlling for MPFC activity (Sobel test=2.20, p<.05).
Although this test was not fully independent, this finding provides
preliminary evidence that empathy-related activity in the MPFC while
observing social exclusion may partially explain the relationship
between trait empathy and prosocial behavior toward the victim. In
contrast, activity in the right anterior insula was not significantly
associated with prosocial behavior after controlling for trait empathy
(B=.31, ns) and failed the Sobel test (=1.20, ns). Of course, we
cannot rule out the possibility that the right anterior insula would
have a significant mediational effect in a larger (or independent)
sample. However, in this particular investigation, the relationship

W Left (46 18 -8)
® Right (42 20 -6)

Activity in dACC (-2 12 30)

Fig. 2. Activity during observed exclusion vs. observed inclusion in the bilateral anterior insula (a) and dorsal anterior cingulate cortex (dACC) (b) that is positively related to
participants’ self-reported levels of trait empathy. Scatter plots are provided to illustrate the relationship between the average difference in activity (exclusion vs. inclusion) across
each specified cluster and the ratings of trait empathy.
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Prosocial behavior
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Activity in R anterior insula ROI

Fig. 3. Activity during observed exclusion vs. observed inclusion in the (a) MPFC and (b)
right anterior insula ROIs (functionally defined as clusters that were positively
associated with trait empathy) that is positively related to how prosocial participants’
emails were toward excluded victims (vs. non-victims). Scatter plots are provided to
illustrate the relationship between the average difference in activity (exclusion vs.
inclusion) across each ROI and the difference in prosocial ratings of emails to victims
compared to non-victims.

between MPFC activity and prosocial behavior toward the victim
(controlling for trait empathy) was 68% larger than that for right
anterior insula activity, and this potential mediating effect of MPFC
remained significant after controlling for the potential mediating
effect of the right anterior insula (3=.56, p<.05). Thus, compared to
the anterior insula, the MPFC appears to be a more important
mediator of the relationship between trait empathy and prosocial
behavior in this sample.

Finally, we further examined these meditational effects using a
bootstrapping method that takes into account the potential for bias in
small sample sizes. Findings from these bootstrapping analyses were
consistent with the findings derived from the more traditional
meditational tests; the total indirect effect of trait empathy on prosocial
behavior through the MPFC was significant (95% confidence interval:
.37-2.64; p<.01), while the indirect effect through the right anterior
insula was not (95% confidence interval: —.32 to 1.78; p =.17). Taken
together, these meditational analyses suggest that MPFC activity during
observed social experiences likely serves a particularly important role in
linking trait empathy and prosocial behavior.

Discussion

This study examined empathy-related neural processing and
resulting prosocial behavior during observed social exclusion—an

occurrence that is salient and frequent during daily social interactions.
As such, the current findings have extended previous research in three
ways: (a) by identifying the neural processes that are involved in
empathy for social pain, rather than empathy for physical pain—a
topic which has dominated most neuroimaging research on empathy;
(b) by examining which of these neural processes involved in
empathy for social exclusion relate to subsequent displays of
spontaneous, prosocial behavior toward the observed victim; and
(c¢) by revealing a potential neural mechanism that may contribute to
the well-known link between empathy and prosocial behavior.

Our findings indicate that the neural regions supporting empathy
for social pain may differ from those previously linked with empathy
for physical pain (see Singer, 2006). Specifically, mentalizing regions
were more active during observed social exclusion, while activity in
both mentalizing (DMPFC, MPFC, PCC) and affective (anterior insula,
dACC) regions was positively associated with trait empathy. Thus,
while prior studies have consistently found activity in dACC and
anterior insula during observed physical pain, only highly empathic
participants showed activity in the dACC and anterior insula during
observed social pain, suggesting there may be important differences
between empathy for different types of experiences (Immordino-
Yang et al., 2009; Mobbs et al., 2009). For example, responses to
observed physical pain may trigger an automatic, affective response
such that most individuals spontaneously feel distress when they see
someone in physical pain. In contrast, observing social exclusion
might require an additional layer of mentalizing to understand the
situation and imagine the victim's affective responses, and thus, might
only elicit pain-related neural activity among the most empathic
individuals. Given that understanding social situations is complex and
relatively ambiguous, simply watching someone experiencing social
pain may not automatically elicit distress like observing physical pain.

In addition, this study also investigated which empathy-related
neural regions related to subsequent prosocial behavior. Individuals
who displayed more activity in the MPFC and anterior insula (in
response to observing exclusion) subsequently chose to write more
prosocial emails to the victims of the exclusion compared to the non-
victims. This is consistent with previous research linking greater
empathy with increased prosocial behavior toward those in need (e.g.,
Batson, 1991, 1998), and suggests that individuals who experience
more empathy for others who are experiencing negative social
treatment will make greater efforts to help and support the victims
in these situations.

These findings are also consistent with previous neuroimaging
research showing that greater anterior insula (Hein et al., 2010) and
MPFC (Mathur et al., 2010) activity during observed pain relate to
greater prosocial tendencies (i.e., experiencing physical pain in order
to ‘share the burden’ of the victim, Hein et al., 2010; or being more
financially generous, Mathur et al., 2010). Moreover, the current
findings extend this work by showing that empathy-related neural
activity relates to spontaneous prosocial behavior in response to
situations that we are likely to encounter as a regular part of our daily
lives. In other words, it is common to see people being treated
negatively by others (i.e., being teased, excluded from a social event,
discriminated against), and providing support and comfort is a
frequently used method of helping these people. In contrast, seeing
someone undergoing physical suffering and trying to help them may
occur more rarely. Thus, the current findings suggest that both the
anterior insula and the MPFC are important for understanding natural
prosocial actions that result spontaneously in response to common,
‘everyday’ social interactions.

Exploratory mediational tests of these two regions indicated that
the MPFC, in particular, might serve a mechanistic role in the link
between empathic processes and prosocial behavior. In previous
studies, the MPFC has been consistently linked with trait empathy
(Rankin et al., 2006; Shamay-Tsoory et al., 2003, 2005; Singer et al.,
2004), emotional perspective taking (Hynes et al., 2006), and acting
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generously toward others (Mathur et al., 2010). However, it is also
involved in mentalizing about others that are perceived as similar to
oneself (Mitchell et al., 2006). Therefore, one possibility is that highly
empathic individuals generally perceive others as more similar to
themselves and thus more easily take others’ perspectives. As a result,
they may relate better to others during empathic experiences and be
more willing to help and support these ‘similar’ others. Consistent with
this, Cialdini et al. (1997) have suggested that the commonly observed
link between empathy and prosocial behaviors may be explained by a
greater perceived self-other overlap among empathic individuals,
which leads to a greater desire to act prosocially. Thus, thinking about
how observed others are similar to oneself may be one important
aspect of empathic processes that promotes increases in prosocial
behavior. Although future investigations using larger samples and
independent mediational tests may reveal additional brain regions
that are important in promoting prosocial behaviors following
empathic experiences (e.g., anterior insula), our preliminary findings
suggest that the MPFC may be one important link in this chain that is
particularly deserving of further attention in future studies.

In summary, the current study provides an important first step
toward understanding individuals’ experiences of empathy for negative
social treatment and why certain individuals make efforts to help and
support the victims of these negative social encounters. Eventually,
understanding the neural links between empathic experience and
efforts to help those in need may help explain the adaptive role that
empathy serves in promoting positive interactions with others.
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