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Abstract: The experience of being liked is a key social event and fundamental to motivating human behav-
ior, though little is known about its neural underpinnings. In this study, we examined the experience of
being liked in a group of 15- to 24-year-old: a cohort for whom forming friendships has a great degree
of salience, and for whom the explicit representation of relationships is familiar from their frequent use of
social networking technologies. Study participants (n ¼ 19) were led to believe that other participants had
formed an opinion on their likability based on their appearance in a photograph, and during fMRI scanning
viewed the photographs of people who had purportedly responded favorably to them (alongside photo-
graphs of control participants). Results indicated that being liked activated primary reward- and self-
related regions, including the nucleus accumbens, midbrain (in an area corresponding to the ventral teg-
mentum), ventromedial prefrontal cortex, posterior cingulate cortex (including retrosplenial cortex), amyg-
dala, and insula/opercular cortex. Participants showed greater activation of ventromedial prefrontal cortex
and amygdala in response to being liked by people that they regarded highly compared to those they
regarded less so. Finally, being liked by the opposite compared to the same gender activated the right cau-
dal orbitofrontal cortex and right anterior insula: areas important for the representation of primary somatic
rewards. This study demonstrates that neural response to being liked has features that are consistent with
response to other rewarding events, but it has additional features that reflect its intrinsically interpersonal
character. Hum Brain Mapp 31:660–668, 2010. VC 2009Wiley-Liss, Inc.

Keywords: social cognition; faces; self; gender; reward; fMRI

r r

INTRODUCTION

Social events such as falling in love and making new
friends provide our lives with richness and meaning. They
are not only pleasurable, but tap into a more fundamental
sense of who we are. The experience of being liked is
intrinsically self-affirming; and even more so if the person
who likes us is held in high regard [Kaplan, 1986]. It is an
experience that becomes especially important during ado-
lescence and young adulthood; an important developmen-
tal period during which a young person forms a stronger
sense of his or her identity, and during which social tasks
such as forming friendships and finding intimacy become
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so preoccupying [Davey et al., 2008]. The importance of
these types of social events for young people has possibly
become even more pronounced in contemporary life, with
social networking sites such as Facebook and MySpace
making the ventures very public affairs.

Brain responses to socially rewarding stimuli––including
beautiful faces [Aharon et al., 2001; Ishai, 2007; O’Doherty
et al., 2003; Winston et al., 2007], participants’ own babies
[Bartels and Zeki, 2004; Strathearn et al., 2008], and their
lovers [Bartels and Zeki, 2000; Aron et al., 2005]––show
substantial overlap with responses to nonsocial rewards
[Izuma et al., 2008; for further exploration of the similar-
ity]. There is also overlap between regions that respond to
reward outcome and those that respond to self-relatedness.
Midline cortical regions such as the ventromedial prefron-
tal cortex (vmPFC), posterior cingulate cortex (PCC), and
precuneus are responsive to reward outcome [Berridge
and Robinson, 2003; Ernst et al., 2004; Knutson et al., 2001;
Ramnani et al., 2004], and also to stimuli that are per-
ceived as relevant to the self irrespective of valence [de
Greck et al., 2008; Izuma et al., 2008; Moran et al., 2006;
Phan et al., 2004].

The human character of the stimuli that entail social
rewards differentiate them in a number of important
respects from other stimuli [Beauchamp et al., 2002; Belin
et al., 2000; Binder et al., 2000; Kanwisher et al., 1997;
McCarthy et al., 1997]. Gender, for instance, is an impor-
tant feature of human stimuli. Any relationship a person
has must be with someone of the same or opposite gen-
der; an aspect of relationships that evolutionary processes
are likely to have embedded in the way they are proc-
essed by the brain [Geary, 2006]. This facet of social rela-
tionships has been little investigated in the neuroimaging
literature, though studies have shown that response to
attractive faces of the opposite compared to the same
gender results in orbitofrontal cortex (OFC) activation
[Aharon et al., 2001; Ishai, 2007; O’Doherty et al., 2003].
In addition, Ishai’s study, and another by Kranz and
Ishai [2006], showed that homosexual participants dem-
onstrated greater OFC activation to faces of the same
gender.

In this study, we present the findings of a novel func-
tional MRI experiment that allowed us to examine the
neural correlates of a salient social event for adolescents
and young adults: the experience of being liked. We aimed
to test the following hypotheses:

1. that being liked would activate reward-related
regions, including the ventral tegmental area (VTA),
nucleus accumbens (NAcc), and OFC;

2. that being liked would activate regions associated
with the self and social processes, including vmPFC,
PCC, insula, and amygdala;

3. that the value of positive feedback would be encoded
in mid-line cortical regions and the amygdala;

4. that being liked by the opposite gender would acti-
vate the OFC.

METHODS

Participants

Twenty adolescents and young adults (from 15 to 24
years of age) were recruited via advertisements placed in
a local daily newspaper in Melbourne, Australia. Partici-
pants had no history of mental illness, determined by the
first and fourth authors using the Structured Clinical Inter-
view for DSM-IV Axis I Disorders [First et al., 1997], and
all had normal or corrected-to-normal vision. All partici-
pants identified themselves as heterosexual. Two of the
participants reported that they were regular (at least
weekly) tobacco smokers, and the median frequency of
alcohol consumption among the participants was two to
three times per month. The participants provided their
informed consent (or assent, if under 18 years of age, with
parental consent) to participate in the study, which was
approved by the ethics committees of Melbourne Health
and The Royal Children’s Hospital, Melbourne. Imaging
data from one participant was excluded due to excessive
head movement during scanning (z-axis translation >2
mm), resulting in a final group of 12 females and 7 males
with a mean age of 19 years (SD 2.9).

Experimental Design

During an initial assessment approximately 1 week prior
to fMRI scanning, participants were told that they were to
be part of a study that was investigating how people used
first impressions to decide whether or not they liked some-
one. Participants had their photograph taken and under-
stood that this would be presented to other study
participants who would assess how much they thought
they would like the participant based on their appearance
in the photograph. The overt study design was, however,
a ruse: the participants’ photographs were deleted soon
after they were taken, and the photographs that they
viewed, which they understood were of other study partic-
ipants, were in fact from a preexisting database [Martinez
and Benavente, 1998; http://www.ece.osu.edu/�aleix/
ARdatabase.html]. The participants viewed the photo-
graphs of the 40 people they understood had been en-
rolled in the study to date: 20 females and 20 males, all
with neutral facial expressions, and selected from the
larger face database on the basis that they appeared to be
of a similar age to the participants. They were asked to
rate on a scale from 1 to 9 their answer to the question:
‘‘How much do you think you would like this person if
you were to meet them?’’

On the day of fMRI scanning, immediately prior to the
scan, participants were again asked to rate the same set of
photographs to refamiliarize them with the faces they
would see during scanning. Once in the scanner partici-
pants viewed the ‘‘responses’’ from the people that
had rated them. The responses had been pseudorandomly
determined, ensuring balance between gender and
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between faces that the participants had rated highly and
lowly. The high-rated faces were determined for each par-
ticipant as the four faces from each gender that they had
rated the highest, and the low-rated faces as the four from
each gender that they had rated the lowest. These photo-
graphs made up the people who had apparently
responded positively (henceforth referred to as ‘‘positive-
feedback’’ faces), and were presented during the scanning
session on a green background. To provide a control con-
dition, participants were told that not all people could be
contacted for a response. These faces were selected from
those rated in the mid-range for each participant (and are
referred to here as ‘‘control-feedback’’ faces): they were
presented on a white background. People who had appa-
rently made unfavorable responses were not shown at all,
the investigation of social rejection not being an aim of the
current study.

Each of the 32 photographs included in the final fMRI
paradigm (16 positive-feedback faces [8 high-rated and 8
low-rated] and 16 control-feedback faces) were presented
three times over six blocks. The face blocks consisted of
16 photographs over 96 s separated by fixation blocks of
21.6 s, and each block was preceded by an instruction (for
a total length of 12 min 17 s). Each photograph was dis-
played for 3 s and was interspersed with null events that
had the effect of jittering the interstimulus interval by
between 1 and 7 s (Fig. 1). Participants were not required
to make a response: they were instructed to pay attention
to the faces, and after the scanning session completed a
recognition test in which they were shown the 32 faces
they had seen in the scanner alongside 32 faces they had
never seen (but from the same database). They were also
asked to rate, on a 9-point scale, how good they felt to dis-
cover that each of the people in the photographs liked
them. The participants were then debriefed and the decep-
tive nature of the task was discussed with them.

Image Acquisition

A 3T Siemens Magnetom Trio magnetic resonance scan-
ner (Erlangen, Germany) was used to acquire whole-brain
functional T2*-weighted echo-planar images. Functional
sequences consisted of gradient-recalled acquisition in the
steady state (time of repetition [TR], 2,400 ms; time of echo
[TE], 40 ms; pulse angle, 90�) within a field of view (FOV)
of 210 mm, with a 64 � 64-pixel matrix, and with a slice
thickness of 3 mm (no inter-slice gap). Thirty-six inter-
leaved slices, parallel to the anterior-posterior commissure
line, were acquired to cover the whole-brain for all func-
tional sequences. The first four (additional) images were
discarded to allow the magnetization to reach steady-state.
In addition, high-resolution T1-weighted anatomical
images were also acquired (with TR, 1,900 ms; TE, 2.1 ms;
flip-angle, 9�; voxel-size, 1 mm � 0.5 mm � 0.5 mm; FOV,
256 mm). During scanning, participants were provided
with earphones to reduce scanner noise, and foam-rubber
inserts were used to aid head stability. Stimuli were pre-

sented using Presentation software (Neurobehavioral Sys-
tems, USA) and were projected onto a half-transparent
viewing screen using an LCD projector (Epson EMP-1810,
Japan). They were viewed by the participants by way of a
mirror mounted on the head-coil.

Image Preprocessing and Analysis

Image analysis was carried out using tools from the
FMRIB software library (http://www.fmrib.ox.ac.uk/fsl/).
The images were realigned to compensate for small head
movements, spatially smoothed using a 6 mm full-width-
half-maximum Gaussian kernel, and temporally filtered
using a nonlinear high-pass filter with a 128 s cut-off. The
positive-feedback and control-feedback face events were
each modeled after convolution with canonical hemody-
namic response functions, and parameter estimates calcu-
lated using a general linear model with local
autocorrelation correction [Woolrich et al., 2001]. Temporal
derivatives were included as covariates to improve statisti-
cal sensitivity. The individual statistical maps were regis-
tered with the participants’ high-resolution structural
images, and then normalized to standard (Montreal Neu-
rological Institute; MNI) space using nonlinear transforma-
tions. For additional analyses, the positive-feedback faces
were subdivided into high-rated and low-rated faces (for
each participant, according to their ratings), and into
same-gender and opposite-gender faces, and a similar uni-
variate model was applied.

Mixed-effects analysis was performed at a second level,
and group statistical maps created using one-sample t-tests
at each voxel for each contrast of interest [Woolrich et al.,
2004]. Voxels were identified that showed greater

Figure 1.

Experimental task design. The facial stimuli were presented in

blocks of 16 faces over 96 s (only a portion of the stimuli are

illustrated above), separated by fixation periods of 21.4 s. Posi-

tive-feedback faces were presented on a green background, and

control-feedback faces on a white background. The faces were

presented for 3 s, and the inclusion of null events had the effect

of jittering the interstimulus interval by between 1 and 7 s.

[Color figure can be viewed in the online issue, which is avail-

able at www.interscience.wiley.com.]
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activation to the positive-feedback compared to control-
feedback faces by performing whole-brain analysis with a
statistical threshold of P < 0.001 (uncorrected). Whole-
brain analysis was also used to identify regions that were
activated in response to the positive-feedback and to the
control-feedback faces (for each separately, compared to
baseline fixation), controlled for multiple comparisons
using a false discovery rate correction (PFDR < 0.05).

Functional regions-of-interest (ROIs) were selected from
a contrast comparing all faces to baseline (thresholded
using a false discovery rate correction, PFDR < 0.05); and
these were used to test for differences in activation to the
high-rated versus low-rated faces. Finally, an exploratory
whole-brain analysis was conducted to identify the effects
of gender: specifically, a two-factor ANOVA (feedback �
face gender) was used to compare the participant’s
responses to being liked by the opposite gender compared
to the same gender (P < 0.01, uncorrected).

RESULTS

Behavioral Results

Participants’ mean response to the question, ‘‘How
much do you think you would like this person if you met
them?’’ was 5.4 (SD ¼ 1.07) on a 9-point scale, and ratings
were consistent between those at the first session and
those immediately prior to the scan at the second session
(mean ICC ¼ 0.68, SD ¼ 0.19). A two-factor ANOVA (par-
ticipant gender � face gender) was conducted to compare
the effects of gender on face rating (Fig. 2). Female faces
were rated significantly higher than male faces overall
(F1,17 ¼ 16.64, P ¼ 0.001). There was no interaction effect
(F1,17 ¼ 1.39, P ¼ 0.26), or main effect of participant gender
(F1,17 ¼ 1.75, P ¼ 0.20).

In post-scan testing, participants reliably discriminated
the faces they had seen during the scanning session from
distractor faces (mean d0 ¼ 3.96, SD ¼ 1.64). The faces had
been separated into high- and low-rated faces for each
participant according to their ratings at the first session.
Postscan testing confirmed that participants found those
faces they had rated highly in the prescan session as sig-
nificantly more rewarding, when viewed in the scanner,
than those they had rated lowly (6.9 [SD ¼ 1.1] vs. 5.9
[SD ¼ 0.8] on a 9-point scale to the question, ‘‘How good
did finding out that they like you make you feel?’’; t18 ¼
4.85, P ¼ 0.0001). A two-factor ANOVA (participant gen-
der � face gender) was conducted to compare the effects
of gender on the postscan face ratings. Again, female faces
were rated significantly higher than male faces overall
(F1,17 ¼ 7.11, P ¼ 0.02); and there was neither interaction
effect (F1,17 ¼ 0.17, P ¼ 0.68), nor main effect of participant
gender (F1,17 ¼ 0.79, P ¼ 0.39). During debriefing all par-
ticipants expressed surprise at the study’s deception, and
believed that the people they had viewed in the scanner
had assessed their photographs.

Imaging Results

In a direct comparison of responses to the positive-feed-
back and control-feedback faces, greater activation was
observed for the positive-feedback faces in primary
reward-related regions (right NAcc and ventral midbrain);
midline regions (vmPFC, mid-cingulate cortex, dorsal
PCC, ventral PCC extending to precuneus, and retrosple-
nial PCC); bilateral amygdalae; and a cluster extending
from the right anterior insula to frontal opercular cortex.
Activations to the positive-feedback > control-feedback
contrast are listed in Table I and presented in Figure 3.
There were no activations demonstrated for the control-
feedback > positive-feedback contrast. In a secondary
analysis, age was added as a covariate, which resulted in
equivalent results to that describe earlier. Age was there-
fore not included as a study covariate for this and subse-
quent analyses.

Activations produced by the positive-feedback and con-
trol-feedback faces alone, compared to baseline, indicated
that each set of stimuli evoked distributed and overlap-
ping brain regions, including the dorsomedial PFC, left
anterior insula, and caudal OFC, subcortical areas encom-
passing the amygdala, hippocampus, and parahippocam-
pal cortex bilaterally, and large areas of the occipital
cortex, including bilateral fusiform gyri (Fig. 4). Positive-
feedback faces produced additional activations in midline
regions (vmPFC, PCC, and precuneus), right anterior
insula extending to caudal OFC, bilateral NAcc, and ven-
tral midbrain.

Figure 2.

Behavioral analysis of the face ratings. Both male and female par-

ticipants rated the female faces more highly than the male faces,

giving rise to a significant main effect of face gender. There was

no main effect of participant gender, nor interaction effect.
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ROI analysis was performed using selected activation
clusters from a contrast comparing all faces to baseline.
ROIs were identified in the vmPFC, PCC, and left and
right amygdalae (the latter were extracted from a much
larger cluster by identifying voxels with a 50% or greater
probability of belonging to the amygdala according to the
Harvard-Oxford probabilistic atlas in FSL; Flitney et al.,
2007]. These analyses demonstrated significant differences
in activation to high- versus low-rated faces in two
regions: vmPFC (t18 ¼ 2.19, P ¼ 0.04) and left amygdala
(t18 ¼ 2.41, P ¼ 0.03; Fig. 5).

Gender-related effects were assessed by comparing acti-
vations to the opposite versus same gender. This contrast
identified a significant interaction effect between social
feedback and face gender that was represented by activa-
tion clusters in the right caudal OFC (cluster size, 32 vox-
els; peak voxel coordinate [x y z], 34, 20, �8; peak Z-score,
2.84) and right anterior insular (cluster size, 31 voxels;
peak voxel coordinate, 34, 30, �14; peak Z-score, 2.95; Fig.
6). Post hoc ROI analysis confirmed significant interaction
effects between feedback and face gender in the right OFC

(F1,18 ¼ 5.54, P ¼ 0.03) and right anterior insula (F1,18 ¼
6.02, P ¼ 0.02). As expected, there were main effects of
social feedback in each region (in right OFC: F1,18 ¼ 5.62,
P ¼ 0.03; and in right insula: F1,18 ¼ 11.05, P ¼ 0.004), and
nonsignificant main effects of face gender (in right OFC:
F1,18 ¼ 3.60, P ¼ 0.07; and in right insula: F1,18 ¼ 4.19, P ¼
0.06). The participant’s own gender did not interact with
feedback and face gender in either region (interaction
effect for feedback � face gender � participant gender
in right OFC: F1,17 ¼ 0.14, P ¼ 0.72; and in right insula:
F1,17 ¼ 0.08, P ¼ 0.78), suggesting that the participant’s
own gender had no significant influence on the effect.

DISCUSSION

Being liked is a highly desired, salient social experience.
This study confirms that the experience is associated with
a pattern of neural activation that is consistent with
response to rewarding stimuli, but it has additional fea-
tures that reflect its intrinsically interpersonal character.

TABLE I. Significant activations for the positive-feedback versus control-feedback contrast

Brain region
Brodmann
area(s)

Number of voxels
in cluster

Z-score at
peak voxel

MNI coordinates of peak
voxel (x, y, z)

Brain regions demonstrating significant activation in response to being liked
Midline cortical activations
Ventromedial prefrontal 10, 32 519 4.6 0 60 �4

10 173 4.4 �4 68 10
Pregenual anterior cingulate 24 12 3.4 8 36 4
Mid cingulate 23 238 5.2 2 �10 22
Dorsal posterior cingulate 23 34 3.5 0 �32 28
Retrosplenial posterior cingulate 26, 29 11 3.3 �6 �46 14
Precuneus/ventral posterior cingulate 31 60 3.9 2 �66 20

Left hemisphere cortical activations
Superior frontal 8 92 3.8 �24 42 40

8 15 3.3 �24 28 48
9 14 3.4 �22 44 26

Inferior temporal 21 11 3.9 �62 �10 �22
Lateral parietal 39 11 3.5 �42 �60 44
Fusiform 18, 19 235 4.6 �22 �78 �20
Occipital 17 348 5.6 �18 �100 0

Right hemisphere cortical activations
Superior frontal 9 12 3.5 22 60 26
Anterior insula/operculum 13 157 4.2 38 14 �18
Inferior temporal 20, 21 46 3.8 64 �12 �24
Occipital/fusiform 17, 18, 19 602 5.0 16 �96 �2

Subcortical and cerebellar activations
R NAcc 8 3.4 4 6 �4
L amygdala 25 3.8 �24 �10 �24
R amygdala 13 3.3 30 �8 �22
Ventral tegmental area 4 3.3 0 �20 �18
Cerebellum 10 3.4 26 �48 �24

Voxels were thresholded at P < 0.001 (uncorrected), and formed clusters of at least 8 contiguous voxels.
An exception was made for the ventral tegmental area, whose anatomical volume is less than the volume represented by eight voxels
[Mai et al., 2007].
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Being liked is confirmed to activate primary reward-
related regions associated with the dopaminergic system.
The ventral tegmental area and nucleus accumbens have

been argued to play more important roles in the anticipa-
tion of rewards rather than response to their outcome [Ber-
ridge and Robinson, 2003], though the regions are
responsive to outcomes that are unexpected or novel
[O’Doherty, 2004]. A number of imaging studies have con-
firmed specific responses to reward outcome in both
regions [Adcock et al., 2006; Elliott et al., 2000; Ernst et al.,
2005; Rogers et al., 2004]. In this study, activation of VTA
and NAcc is consistent with the role of the dopaminergic
system in indexing the novelty and unexpectedness of

Figure 3.

Whole-brain analysis of the contrast comparing positive-feed-

back to control-feedback conditions. Regions demonstrating

greater activation to positive-feedback faces compared to con-

trol-feedback faces included vmPFC, mid-cingulate, PCC, precu-

neus, ventral midbrain, right NAcc, right insula/operculum, and

left and right amygdalae. For this figure, and the figures that fol-

low, activations are displayed on a high-resolution (0.5 mm iso-

tropic) version of the MNI152 standard brain. Corresponding

color bars indicate the Z-score ranges of the displayed activation

maps. Images are displayed in neurological convention (left ¼
left).

Figure 5.

ROI analyses of the differential effects of being liked by people

who individual participants had rated highly compared to those

they had rated lowly. Functional ROIs (circled) were selected

from a contrast comparing all faces to baseline. (Note that the

circles showing the location of the amygdala ROIs are approxi-

mate; refer to the text for details of their selection). Significant

differences were demonstrated in the left amygdala (P ¼ 0.03)

and vmPFC (P ¼ 0.04).

Figure 4.

Whole-brain analysis of activations to positive-feedback faces

(top, in orange) and control-feedback faces (bottom, in blue).

Both the positive-feedback and control-feedback faces activated

brain regions including the dorsomedial PFC, left anterior insula

and caudal OFC, subcortical areas encompassing the amygdala,

hippocampus and parahippocampal gyrus, and large areas of the

occipital cortex. Positive-feedback faces produced additional

activation of midline regions (vmPFC, PCC, and precuneus),

right anterior insula extending to caudal OFC, bilateral NAcc

and ventral midbrain.

Figure 6.

Whole-brain analysis of the gender manifestations of social feed-

back. The analysis identified voxels in the right caudal OFC and

right anterior insula that were activated by the interaction of

feedback and gender (they showed significantly greater activation

to positive feedback from the opposite gender compared to the

same gender). The mean BOLD signal changes were calculated

for each region to illustrate the interactions.
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rewarding outcomes, which were engendered by an event-
related design that jittered and intermingled the appear-
ance of the positive-feedback faces.

The experience of being liked produced activation of
midline regions, including vmPFC, mid-cingulate cortex,
PCC, and precuneus. These regions not only respond to
reward outcome, but also to the degree of self-relatedness
of the stimuli [Northoff et al., 2006]. The midline regions
are key regions of the default network; a network that is
highly active during passive conditions and self-referential
tasks, and that is deactivated by externally-directed, cogni-
tively demanding tasks [Greicius et al., 2003; Gusnard
et al., 2001; Harrison et al., 2008; Raichle et al., 2001]. Mid-
line regions play an important role in the evaluation of
social stimuli, which are inherently complex. In this study,
their value was determined by the participant’s appraisal
of a person’s appearance, and their extrapolation from this
to an assessment of their likeability (which our behavioral
results suggested were consistent with positive hedonic
feelings during the task). Being liked by someone who is
held in high regard is likely to drive internal and reflective
processes that relate to the self, which is consistent with
involvement of a key region of the default network: the
vmPFC. The region has an important role in self-reflection,
and vmPFC activity has been demonstrated to correlate
with the degree of self-relatedness of the stimuli being
considered [D’Argembeau et al., 2005].

Both reward outcome and the value of reward were
indexed by amydgala activation. The amygdala is well
known to have a role in fear perception and fear-condi-
tioning, though is less well recognized for its role in the
processing of reward [Baxter and Murray, 2002; Gottfried
et al., 2003]. In addition, the amygdala is responsive to
social stimuli, and especially emotional faces [Bartels and
Zeki, 2000; Fitzgerald et al., 2005; Killgore and Yurgelun-
Todd, 2001; Winston et al., 2007]. Each of the nuclei in the
basolateral complex––the lateral, basolateral, basomedial
and basoventral nuclei––contain neurons that project
directly to the nucleus accumbens, and the complex is
reciprocally connected to the orbital and medial prefrontal
cortices [Amunts et al., 2005; Baxter and Murray, 2002],
suggesting that the amygdala is well placed to encode the
value of social reward.

Being liked activated a region extending from the right
anterior insula to the frontal operculum. The right anterior
insula has an important role in the representation of inter-
nal states. It sits atop a hierarchy for somatic representa-
tion, producing an integrated image of the felt state of the
body [Craig, 2002, 2003]. A number of studies have shown
it to be activated by rewarding experiences; particularly of
a social nature [Bartels and Zeki, 2000; Bartels and Zeki,
2004; Strathearn et al., 2008; Winston et al., 2007].

The influence of gender-to-gender relationships pro-
duced a novel finding: that being liked by the opposite
gender activates the right caudal OFC and right anterior
insula. The OFC has a role in the representation of
rewards, and the association of these rewards, by learning,

with secondary rewards [Rolls, 2000]. There is within the
OFC an anterior-posterior trend for the types of rewards
represented, with simple primary rewards such as taste
and olfaction represented caudally, and more complex
rewards, such as money, represented rostrally [Kringel-
bach and Rolls, 2004]. The right anterior insula and caudal
OFC, which consist of agranular cortex that is continuous
between them [Ongur et al., 2003], act in concert to repre-
sent primary, somatic rewards. The primary nature of
rewards that have been previously shown to be repre-
sented by the regions acting together––such as taste and
smell [de Araujo et al., 2003] and thermal sensation [Craig
et al., 2000]––suggests something of equivalent primacy is
represented in the regions’ responsiveness to the opposite
gender. The significance of gender to sexual reproduction,
and the somatic nature of sexual feeling, suggests that ac-
tivity in the right caudal OFC and right anterior insula
may be indexing sexual possibility.

There are caveats to the study. First, facial stimuli are
inherently activating, necessitating the use of an appropri-
ate facial contrast. As a comparison for the study, we used
the faces of people who we were supposedly unable to
contact. While the faces controlled for lower-level common
effects (they were demonstrated to activate face-responsive
regions, in common with the positive-feedback faces), they
may also have produced their own affective experience:
perhaps one of irritation or frustration. Second, the posi-
tive-feedback condition differed from the control-feedback
condition in ways other than affective valence. While our
focus in the study has been on the positive nature of the
feedback, the conditions also differ on whether they
included feedback at all (one way of interpreting the con-
trol-feedback condition is that it contained no feedback).
Thus the activations that we have demonstrated in
response to positive feedback may simply reflect that the
faces provided feedback: the valence of the feedback may
not have been important. While the results provide evi-
dence of response to the positive character of the feedback
(reward-related regions were activated) the inclusion of
another feedback condition––for instance, negative feed-
back––may have helped to clarify the issue. Third, we
were unable to dissociate the interaction of feedback and
face rating. While we demonstrated that some regions
were more responsive to positive feedback from faces that
participants had rated highly compared to those they had
rated lowly, we were unable to demonstrate a similar
effect for the control-feedback faces as a consequence of
the undifferentiated way in which they had been selected.

Notwithstanding the above, we have been able to dem-
onstrate the effects of a simple, direct, and highly salient
social event: the experience of being liked. Being liked acti-
vates primary reward-related regions, and regions that are
important for an ongoing sense of self. In addition, if the
experience originates from a person of the opposite gen-
der, being liked activates regions consistent with the stir-
ring of a primary bodily feeling. Study participants were
adolescents and young adults, from an age group for
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whom social events have a great deal of salience. We have
previously argued [Davey et al., 2008] that it is the postpu-
bertal development of the ability to represent complex
social rewards that brings with it a vulnerability to depres-
sion when the attainment of the rewards is frustrated. The
current findings suggest further lines of investigation. The
paradigm allows for an exploration of developmental
changes, from childhood to adolescence, in the way that
the brain processes social rewards. It may also prove use-
ful in demonstrating how the neural processing of social
rewards is affected by disorders such as depression, which
has social disengagement as one of its characteristic and
core symptoms.
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