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Abstract: The concept of “social self” is often described as a representation of the self-reflected in the
eyes or minds of others. Although the appearance of one’s own face has substantial social significance
for humans, neuroimaging studies have failed to link self-face recognition and the likely neural sub-
strate of the social self, the medial prefrontal cortex (MPFC). We assumed that the social self is
recruited during self-face recognition under a rich social context where multiple other faces are avail-
able for comparison of social values. Using functional magnetic resonance imaging (fMRI), we exam-
ined the modulation of neural responses to the faces of the self and of a close friend in a social
context. We identified an enhanced response in the ventral MPFC and right occipitoparietal sulcus in
the social context specifically for the self-face. Neural response in the right lateral parietal and inferior
temporal cortices, previously claimed as self-face-specific, was unaffected for the self-face but unex-
pectedly enhanced for the friend’s face in the social context. Self-face-specific activation in the pars tri-
angularis of the inferior frontal gyrus, and self-face-specific reduction of activation in the left middle
temporal gyrus and the right supramarginal gyrus, replicating a previous finding, were not subject to
such modulation. Our results thus demonstrated the recruitment of a social self during self-face recog-
nition in the social context. At least three brain networks for self-face-specific activation may be dissociated
by different patterns of response-modulation in the social context, suggesting multiple dynamic self-other
representations in the human brain. Hum Brain Mapp 33:1364-1374, 2012.  ©2011 Wiley Periodicals, Inc.
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INTRODUCTION

A distinction between the two concepts of self, namely,
the “physical self" and the “social self,” is a common fea-
ture of recent multicomponent models of self in develop-
mental and animal psychology [Bekoff and Sherman, 2004;
Morin, 2006; Rochat, 2003]. Physical self is almost invari-
antly conceptualized as a visual-kinesthetic representation
of one’s own body. Social self is conceptually dissociated
from the physical self in that it is a representation of the
self reflected in the eyes or minds of others, though the
scope of the concept varies across models. Compared with
the physical self, the social self is usually assumed to



# Self-Face Recognition in Social Context ¢

develop later in infants and is often considered to be asso-
ciated with a large brain size or more sophisticated social
behavior in animals [Gallup, 1982; Marino, 2002; Plotnik
et al., 2006; Prior et al., 2008].

In humans, one’s own face is assumed to represent both
the physical self and social self. The association of one’s
face with the physical self is obvious since the face is a
part of the body. The engagement of the social self, at least
in its minimal sense of being relevant to the perceptions of
others, has several lines of empirical and experimental
support. It is widely held that we direct attention toward
publicly observable aspects of the self (i.e., public self-con-
sciousness) [Fenigstein et al., 1975]. Although the degree
of explicit public self-consciousness varies across individu-
als [Fenigstein et al., 1975], some extent of interest in the
appearance of one’s own face seems to be common on an
implicit level. This has been supported by the effect a rec-
ognized face’s resemblance to the self-face has on social
behavior [DeBruine et al., 2008; Goodman et al., 2007].
Cognitive processes of the social self underlying such a be-
havioral manifestation may be in part driven by the social
value of the self-face. Given the social value of the face in
social survival [Grammer et al., 2003; Reis et al., 1982], a
concern for the appearance of one’s own face has ecologi-
cal and evolutionary advantages. Improved facial appear-
ance due to orthodontic surgery is shown to affect the self-
esteem and mood of patients [Nicodemo et al., 2008].

The enigma in neuroimaging studies of self-face recogni-
tion is, however, scant evidence for the involvement of the
known neural correlates of the social self. The processes
relevant to social self typically involve the medial prefron-
tal cortex (MPFC) [Amodio and Frith 2006; Krueger et al.,
2009; Van Overwalle, 2009]. This region responds to self-
directed eye gaze and to hearing one’s own name called
[Kampe et al., 2003; Schilbach et al., 2006]. It shows higher
activation during a personality-trait judgment of the self
than during that of the other [Craik et al., 1999; Kelley
et al., 2002; Ochsner et al., 2005], and during the percep-
tion of one’s own reputation than during that of others
[Izuma et al., 2008]. Self-conscious emotions, such as guilt
and embarrassment, also activate this region [Takahashi
et al., 2004; Zahn et al., 2009]. On the other hand, self-face
recognition rarely activates the MPFC. In recent studies
that adopted a sufficiently stringent statistical threshold,
neural response specific to the self-face was often found in
the lateral cortical regions predominantly in the right
hemisphere [Morita et al., 2008; Sugiura et al., 2008;
Sugiura et al., 2006; Sugiura et al., 2005, Uddin et al.,
2005]. Specifically, the regions included the right lateral
frontal cortex (in the inferior frontal gyrus and around the
precentral sulcus), the parietal cortex (around the intrapar-
ietal and postcentral sulci), and the inferior occipitotempo-
ral cortex. Activation in these regions has often been
attributed to processes relevant to the physical self
[Sugiura et al., 2008; Sugiura et al., 2006; Uddin et al.,
2007]. Although a single previous study reported a small
cluster of self-face-specific activation in the MPFC using a

liberal threshold [Platek et al., 2006], the finding has not
been replicated [Platek and Kemp, 2009]. The discrepancy
between the implicated neural substrates of self-face recog-
nition and those of the social self is not a new concept.
Indeed, it has been pointed out before [Gillihan and Farah,
2005; Uddin et al., 2007].

We hypothesized that involvement of the cognitive pro-
cess relevant to the social self, or activation of the MPFC
during self-face recognition, are conditional to the social
context. Here the social context implies an environment
where one automatically takes a socially adaptive stance.
We contrived the social context simply by exposing subjects
to other people, who served as references for the evaluation
of one’s own social value. This idea is based on a social
comparison theory [Festinger, 1954; Morse and Gergen,
1970], in which people are assumed to automatically evalu-
ate their own social value by comparing themselves with
others when comparable others are available. Mere expo-
sure to others is classically known to affect human behavior
presumably via a change in one’s recognition of themselves
in the social context [Darley and Latane, 1968; Hunt and
Hillery, 1973]. It has been demonstrated that when subjects
are incidentally exposed to a face picture or a description of
comparable others, their self-evaluation is modulated by
the facial attractiveness or perceived dominance of the pre-
sented others [Cash et al., 1983; Gutierres et al., 1999].

In a series of face recognition task trials, we manipu-
lated the richness of the social context by changing the
number of unfamiliar faces used as distracters. We
assumed that self-face recognition in a context where a
large number of distracter faces are presented induces the
social self (high social context; Fig. 1a, right). On the con-
trary, when the self-face is presented in a task setting
where a small number of distracter faces are presented
(low social context; Fig. 1a, left), as in previous studies
(e.g., Morita et al., 2008; Sugiura et al., 2006; Uddin et al.,
2005], the degree to which the social self is involved
should be minimal.

We searched for a cortical response to the self-face
modulated by the social context, particularly expecting an
enhanced MPFC response as a result of the enriched social
context (i.e., high vs. low). We also predicted that this
modulation would not be observed in the cortical regions
where self-face-specific involvement had been suggested
in previous studies (i.e., equivalent to the low social con-
text). Such regions include the right lateral parietal and
temporal cortices, where self-face-specific activation has
been established, and the bilateral temporoparietal regions,
where self-face-specific deactivation has been reported
[Sugiura et al., 2008].

MATERIALS AND METHODS
Participants

Twenty-six healthy undergraduate students (18 males,
eight females; age, 18-24 years) were recruited from
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Figure 1.

Experimental design. (a) Concept of social context in this study.
In the low and high (rich) social contexts, the numbers of com-
parable others are small and large, respectively. People are
assumed to automatically evaluate their own social value by
comparing themselves with others, to a larger degree in the lat-
ter than in the former context. The faces in lighter gray can be
considered to represent the unfamiliar distracter faces in the
high social-context block (Fig. Ib). (b) Schema of stimulus pre-
sentation. Three target faces (self, friend, and control) and dis-
tracters were presented in a random order in both types of

Tohoku University. They responded to our advertisement
in pairs or groups of three as close friends of the same
gender. Written informed consent was obtained from each
subject. No subject had any history of neurological or psy-
chiatric illness. All were right-handed, as measured by the
Edinburgh Handedness Inventory [Oldfield, 1971]. The ex-
perimental protocol was approved by the ethical commit-
tee of Tohoku University.

Because three subjects who produced an excessive
amount of head motion during the fMRI measurement
were excluded, data from 23 subjects (16 males, seven
females; age, 18-24 years) were analyzed.

Stimuli and Tasks

Three types of target faces, a subject’s own face (self, S),
the face of a close friend (friend, F), and a specific unfami-
liar face (control, C), were presented intermixed with ei-
ther random mosaic pictures (low social-context block, L),
or with various other unfamiliar faces (high social-context
block, H). The design was intended to model event-related
responses to the self, friend, and control faces separately
for the low (LS, LF, and LC, respectively) and high (HS,
HF, and HC, respectively) blocks. (Fig. 1b). The friend was
included as a high-level control to exclude the effect of

blocks. Distracters were mosaic pictures and unfamiliar faces in
the low and high social-context blocks, respectively. Each block
started from the presentation of the block-type cue (2,400 ms)
followed by 1,200-ms presentations of pictures with an inter-
stimulus interval of 2,400 ms. A central fixation cross was pre-
sented throughout the block. Event-related responses to the
self, friend, and control faces were separately modeled for the
low (LS, LF, and LC, respectively) and high (HS, HF, and HC,
respectively) blocks.

person familiarity, as in previous studies (e.g., Platek
et al., 2006; Sugiura et al., 2005]. Each subject performed a
familiar/unfamiliar judgment for each presented face to
maintain and assure the subject’s attention.

The target faces were prepared in the following proce-
dures. A set of 25 pictures of the face in different non-
emotional expressions with directed or diverted eye-gaze
(see Sugiura et al., 2006 for details) was prepared for each
subject, using a digital camera under the same lighting
conditions, one to three weeks prior to the experiment. For
each subject, a set of 24 pictures of the subject’s own face
and a set of 24 pictures of the face of his/her friend
recruited at the same time were used for the self and
friend stimuli, respectively. Note that the processes for vis-
ual face perception were controlled because the same face
was presented once as a self stimulus and once as a friend
stimulus to two friends. A set of 24 face pictures from an
unfamiliar subject were selected for the control stimuli; the
face did not have features (e.g., glasses, dyed hair, facial
hair) distinct from those of the self and friend faces to pre-
vent such features from enabling the subjects to perform
the familiar/unfamiliar judgment task without identifying
the presented face. The pictures of expressionless faces in
the frontal view were not included in each set, and were
spared for only the practice session.
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The 72 distracter faces used in the high blocks for all the
subjects were composed of two different face pictures of
36 people (18 males, 18 females), which were selected
from a collection of similar pictures used in a previous
self-face study [Sugiura et al., 2006] prepared using the
same procedures and subject source (i.e., same age range).
Six mosaic pictures were prepared for the low blocks.

In each block, six images of the target faces, namely,
two self-face, two friend face, and two control face, were
presented. In the low block, these six target faces as well
as six mosaic pictures were presented in a randomized
order. In the high block, the six target faces and six dis-
tracter faces were presented in a random order. Each face
was presented for 1200ms followed by an eye-fixated rest
of 2400ms. The inter-stimulus interval was not jittered,
which we do not consider problematic because we were
interested in the neural response to a specific target-face
(primarily the self, and later the friend’s face as well),
rather than a pure event-related response (see Methodo-
logical considerations in the Discussion for our detailed ra-
tionale). Each block started with the presentation of a
2400-ms cue indicating a block type (i.e., high, low), fol-
lowed by an eye-fixated rest of 2400ms, and then presenta-
tion of 12 stimuli (Fig. 1b). No additional resting state was
inserted between the blocks. The block-type cue was nec-
essary to make the subjects aware of the nature of the
upcoming block. Without the cue, subjects would not be
aware of the block’s context until the presentation of the
first distracter. The high and low blocks were each alter-
nated 12 times. Each picture of the target-face appeared
once in the low block, and once in the high block. The
main part of the experiment session (1152s) was preceded
by a practice session (60s), which included one miniature
version of both the high and low blocks (one self, one
friend, one control, and three distracter-face/mosaic stim-
uli). A 12-s rest followed the practice session to allow a
major part of the hemodynamic response from the practice
session to disappear. The visual stimulus was projected
onto a semi-lucent screen attached to the head-coil of the
MRI scanner and was viewed via a mirror.

Each subject was asked to judge the familiarity of the
presented face and to press one of two buttons as quickly
as possible; the right index and middle fingers were
assigned to familiar (the self and friend) and unfamiliar
faces, respectively. No response was required for the
mosaic stimuli. In the instructions of the task, each subject
was informed that the block-type cue indicates only the
difference in the number of presented faces in the block
and has nothing to do with the task they should perform
(i.e., familiarity judgment).

fMRI Data Acquisition

Thirty-four transaxial gradient-echo images (echo time =
50 ms, flip angle = 90°, slice thickness = 3 mm, slice gap
= 0.99 mm, FOV = 192 mm, matrix = 64 x 64, voxel size

=3 x 3 x 3.99 mm°®) covering the whole cerebrum were
acquired at a repetition time of 3000 ms, using an echo
planar sequence and a Siemens Symphony (1.5 T; Siemens,
Erlangen, Germany) MR scanner. While 408 scans were
acquired in total (1,224s), the first 24 scans acquired during
the practice session and the 12-s rest period were excluded
from the analysis.

fMRI Image Preprocessing

The following preprocessing procedures were performed
using Statistical Parametric Mapping (SPM5) software
(Wellcome Department of Imaging Neuroscience, London,
UK) and MATLAB (Mathworks, Natick, MA): the adjust-
ment of acquisition timing across slices, correction for
head motion, spatial normalization using the EPI-MNI
template, and smoothing, using a Gaussian kernel with a
full-width at half-maximum of 8 mm.

fMRI Data Analysis

A conventional two-level approach for event-related
fMRI data was adopted, using SPM5. A voxel-by-voxel
multiple regression analysis was conducted in the first-
level within-subject (fixed effects) model. Expected signal
changes were modeled for nine conditions, including the
six conditions of interest (i.e., HS, HF, HC, LS, LF, LC), the
conditions for the distracter faces (in the high block), the
mosaic pictures (in the low block), and the error trials.
Any trials with an incorrect response were categorized as
error trials. Although both the HC condition and the con-
dition for the distracter faces were characterized by unfa-
miliar-face presentations in the high block, only the HC
condition was comparable to other conditions of interest
in that the same face was repeatedly presented. A model
of the expected signal change was constructed using the
hemodynamic response function provided by SPM5. A
high-pass filter with a cutoff period of 192 s, twice the pe-
riod spanning a set of high and low blocks [Henson, 2003],
was used to eliminate the artifactual low-frequency trend.

Voxel-by-voxel statistical inference on contrasts of pa-
rameter estimates was then performed on the second-level
between-subject (random effects) model, using one-sample
t-tests. In some analyses, to identify a specific activation
pattern, analysis of the main contrast was confined to
areas that showed significant activation in one or two spe-
cific contrasts [i.e., mask (s)]. The statistical threshold was
set to P < 0.001 for height and corrected to P < 0.05 for
multiple comparisons using cluster size; assuming the
whole brain as a search volume, irrespective of the appli-
cation of the mask. The images for the masks were gener-
ated using a threshold of P < 0.05 (uncorrected).

Finally, for each identified activated area, we examined
ad hoc the full activation profile. The analyses were con-
ducted on parameter estimates at each activation peak
using SPSS Statistics 17.0 (SPSS Inc., Chicago, IL). First the
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TABLE I. Behavioral data

Self Friend Control Distracter

Low High Low High Low High High
Correct response (%) 99.8 + 1.1 99.2 + 3.0 98.7 + 3.0 97.7 + 3.0 982 + 3.3 98.5 + 3.3 99.1 + 1.4
Reaction time (ms) 721 + 89 722 + 86 729 + 81 734 + 89 722 + 92 705 4+ 93 724 + 82

The percentage of correct responses (%) and mean reaction times (ms) are shown for each condition. Values are the mean + standard

deviation.

modulation effect (high vs. low blocks) was assessed for
each target face using a paired t-test (two tailed; P < 0.05,
uncorrected). Second, specificity of the modulation effect
of a particular target-face was inferred using a two-way
(two block type x three face type) repeated-measure
ANOVA. Self-face-specific modulation was expected to
produce a significant modulation effect only for the self-
face (not for the friend’s face or the control face), and a
significant interaction between the block type and target-
face type in the ANOVA.

In the second-level voxel-by-voxel analyses, the follow-
ing contrasts were tested

1. The modulation of activation for the self-face in the
social context, which is our major interest, was identi-
fied using the contrast HS — LS.

2. To examine whether self-face-specific activation previ-
ously reported was modulated by the social context,
regions showing higher activation for the self than for
the friend face were identified as they were in previ-
ous studies [e.g., Platek et al., 2006; Sugiura et al.,
2005]. Analyses for the high and low blocks used con-
trasts HS — HF and LS — LF, respectively. The analy-
ses were performed separately with consideration for
the possibility that the activation would not be repli-
cable in the high block due to the modulation.

3. Similarly, to examine whether self-specific deactiva-
tion previously reported [Sugiura et al., 2008] was
modulated by the social context, regions where acti-
vation was higher for both friend and control stimuli
relative to self stimuli were identified separately for
the two block types. For the high block, the contrast
(HF + HC) - 2HS was masked by contrasts HF — HS
and HC — HS (to assure that activation was higher
for both friend and control stimuli than for self stim-
uli). For the low block, (LF + LC) - 2LS was masked
by LF — LS and LC — LS.

Behavioral Data Analysis

The percentages of correct responses and the mean reac-
tion times during the familiar/unfamiliar judgment were
analyzed using SPSS Statistics. Analyses focused on the
modulation effect induced by the social context (effect of
the block type) and the difference between the three tar-

get-face types among the six conditions of interest, as they
conform to the analyses of the fMRI data.

RESULTS
Behavioral Data

The behavioral data are summarized in Table I. No sig-
nificant difference between the high and low blocks (P >
0.05; paired t-test, two tailed) was found for any face type
in either behavioral-data set. A two-way (two block type x
three face type) repeated-measure ANOVA also revealed
no significant main effect or interaction (P > 0.05; F test)
in either behavioral-data set.

fMRI Data

1. The contrast HS — LS, intended for the modulation of
activation for the self-face, identified activation in the
ventral part of the MPFC and in the posterior-medial
region with peaks located at the posterior cingulate
cortex and the bilateral occipitoparietal sulci (Fig. 2;
Table II). As a result of the ad hoc analysis of the acti-
vation profile (Table II), modulation was specific to
the self-face in the MPFC (Fig. 2a) and the right occip-
itoparietal sulcus (Fig. 2b), in that the modulation
was significant (P < 0.05; paired t-test, two tailed)
only for the self-face and the block type x face type
interaction (P < 0.05; two-way repeated-measure
ANOVA).

2. The contrast LS — LF, intended for the replication of
previously reported self-face-specific activation, iden-
tified activation in the right inferior temporal gyrus
(posterior part), several regions in the right parietal
cortices, and the inferior frontal gyrus (Fig. 3; Table
III). The parietal activation cluster included the peaks
at the intraparietal sulcus (posteromedial part), the
junction of the intraparietal sulcus and postcentral
suclus, and the supramarginal gyrus (the anterior
bank of the postcentral sucus). Activation peaks in
the inferior frontal gyrus were located at the pars
opercularis and pars triangularis. Enhancement of
neural response as a result of the social context was
not observed in these regions for the self-face nor the
control face (Table III). However, significant
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Figure 2.

Self-face-specific response enhancement in an enriched social
context. (a) the ventral MPFC [2 50—20]. (b) the right occipito-
parietal sulcus [8 —54 14]. Activation is superimposed onto the
sagittal section (at the peak voxel) of the standard anatomical
image of SPM5 (left panel). Activation profiles (right panel) show
the parameter estimate (partial regression coefficient or beta
value) at each peak voxel. *P < 0.05. Significant interaction of
block type and face type in both peaks was given by ANOVA.

enhancement was observed for the friend’s face in all
regions but the pars triangularis of the inferior frontal
gyrus. In the inferior temporal and supramarginal
gyri, the interaction of the block type and face type
was significant (P < 0.05; two-way repeated-measure
ANOVA). The contrast HS — HF replicated the acti-
vation in the pars triangularis of the right inferior
frontal gyrus only (Table III).

modulation (P < 0.05; paired t-test, two tailed) or
interaction (P < 0.05; two-way repeated-measure
ANOVA) was observed (Table IV). The contrast (LF
+ LC) - 2 x LS gave no significant activation.

DISCUSSION

The results are the first to provide neuroscientific evi-
dence that the social self is involved in self-face recogni-
tion and the involvement is conditional based on the
social context. As expected, enhanced neural response to
the self-face in the enriched social context, specifically the
increased number of other faces for reference, was
observed in the MPFC. On the contrary, the right lateral
cortical and bilateral temporoparietal regions, which have
been previously reported to show self-face-specific activa-
tion and deactivation, respectively, are shown to be irrele-
vant to the social self. These regions did not show
response modulation induced by the social context.

Unexpectedly, some of the right lateral cortical regions,
including the inferior temporal and supramarginal gyri,
previously assumed to be self-face-specific, presented an
enhanced response to the friend’s face in the high block.
That is, the response of these regions to the friend’s face
was similar to that to the self-face when the social context
was enriched. This assimilation of the friend with the self,
in terms of the neural response in these regions, may sug-
gest a dynamic modulation of the meaning of personal fa-
miliarity in the social context.

Enhanced Medial-Cortical Response to the
Self-Face by the Social Context

Self-face-specific enhancement of activation was

3. The contrasts (HF + HC) - 2 x HS, intended for the observed in the ventral, rather than the dorsal, part of the
replication of previously reported self-face-specific MPFC. This appears to support our assumption that the
deactivation, identified activation in the left middle modulation effect induced by the social context in this
temporal gyrus and the right supramarginal gyrus study was relevant to the social evaluation process. Evi-
(Fig. 4; Table IV). In these regions, no significant dence from neuropsychological and functional imaging

TABLE Il. Enhanced response to self-face in the enriched social context
Peak Cluster Modulation (P) ANOVA (P)
Structure X y z T Size P Self Friend Control Context Face Interaction
MPFC (ventral) 2 50 -20 457 110 0.045 <0.001 0.024 0.011
Posterior cingulate cortex 0 -54 36 563 397a <0.001 <0.001 0.031
Occipitoparietal sulcus -6 —62 14 498 a <0.001 <0.001
8§ =54 14 430 a <0.001 0.018 0.022

Significant activation in the contrast HS — LS. Coordinates (x, y, z) and the t-value of the activation peak, the size of the activation clus-
ter (number of voxels; 2 x 2 x 2 mm® / voxel; lowercase letters indicate that the peak is in the same cluster as other peaks with the
same letter) are shown. For each peak voxel, P-values of the modulation effects for the three face types (paired t-test, two-tailed), and
P-values of the ANOVA (F-test) for the main effect of Context (high and low), main effect of Face (self, friend, and control), and Context
x Face interaction, are presented. L, left; R, right; M, para-midplane.
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Figure 3.

Self-face-specific activation (low block) and self-friend assimila-
tion (high block). Activation in the contrast LS — LF is surface-
rendered onto the standard anatomical image of SPM5: the right
inferior temporal gyrus [54 —56 —12], intraparietal sulcus (post-
eromedial [24 —70 48], junction with the postcentral sulcus [54
—26 54]), supramarginal gyrus [56 —22 38], and inferior frontal
gyrus (pars opercularis [48 10 22], pars triangularis [44 38 10]).
All regions but the pars triangularis of the inferior frontal gyrus
showed social-context-dependent modulation for the friend
face. Interaction of the block type and face type was significant
in the inferior temporal and supramarginal gyri. Other details
are the same as for Figure 2.

studies suggests the ventral part of the MPFC plays a criti-
cal role in representing the values of competing options,
including both eventually chosen and unchosen options,
during the choice decision [Arana et al., 2003; Camille
et al., 2004; Coricelli et al., 2005]. The effect a lesion has on
this region or activation of this region is sensitive to future

abstract values, that is, prospective monetary or social
reward, rather than immediate monetary rewards [Bechara
et al., 2000; Moll et al., 2006; Moretti et al., 2009]. The role
of this region seems to be particularly important when the
values are presented in a social context [Moretti et al.,
2009; Walton et al., 2004]. These characteristics fit well
with the social value of one’s own appearance. One’s
appearance carries various abstract social values, such as
health, personality traits, socioeconomical state, and repro-
ductive values. These values are future values since we
don’t know when these perceived values may affect our
survival.

Although the specific cognitive process underlying the
social self in this region is unknown, it is interesting to
speculate that enhanced self-face-specific activation of this
region reflects the recalibration of the social values of the
self relative to comparable others. This interpretation is
congruent with the social comparison theory [Festinger
1954; Morse and Gergen, 1970] and the suggested role of
this region in representing the values of competing options
[Arana et al.,, 2003; Camille et al., 2004; Coricelli et al.,
2005]. When human adults see their own faces with com-
parable other faces available, this brain system may auto-
matically update their social values by referring to the
values of available others, as was behaviorally demon-
strated for physical attractiveness previously [Cash et al.,
1983; Gutierres et al., 1999].

The social self relevant to the ventral part of the MPFC,
implicated in the social evaluation process, likely com-
prises only a part of the complex cognitive construct of the
social self housed in the MPFC. The locations of MPFC
activation claimed to reflect the social self varied consider-
ably across studies from the level of the frontal pole [Craik
et al., 1999; Izuma et al., 2008; Kampe et al., 2003; Kelley
et al.,, 2002; Ochsner et al., 2005; Schilbach et al., 2006;
Takahashi et al.,, 2004] to the orbitofrontal cortex [Zahn
et al., 2009], although they have all typically been assigned
to the ventral part of MPFC [Amodio and Frith, 2006;
Krueger et al., 2009; Van Overwalle, 2009]. The polar part
may be, for example, involved when one is aware that
others notice or are paying attention to them [Kampe

TABLE Ill. Self-face-specific activation

Peak Cluster Modulation (P) ANOVA (P)

Structure X vy b4 T Size P Self Friend Control Context Face Interaction
Inferior temporal gyrus (posterior) R 54 —-56 —12 553 197  0.002 <0.001 0.001  <0.001 0.010
Intraparietal sulcus (posteromedial) R 24 -70 48 4.62 197 0.002 0.030 <0.001
Intraparietal sulcus /Postcentral sulcus R 54 —26 54 463 113 0.036 0.044 0.001
Supramarginal gyrus R 56 —22 38 567 221 0.001 <0.001 0.001 0.041
Inferior frontal gyrus (pars opercularis) R 48 10 22 590 250 <0.001 0.003 <0.001  <0.001

Inferior frontal gyrus (pars triangularis) R 44 38 10 499 164  0.006 <0.001

Significant activation in the contrast LS — LF. The contrast HS — HF replicated the activation in the pars triangularis of the right inferior
frontal gyrus only (Peak [x, y, z, T] = [48, 38, 8, 5.10]; Cluster [Size, P] = [174, 0.009]). Details of the presentation are the same as those

for Table II.
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Figure 4.
Self-face-specific deactivation. Activation in the contrast HF +
HC — 2 x HS is surface-rendered onto the standard anatomical
image of SPM5. (a) the left middle temporal gyrus [-64 —34
—2]. (b) the right supramarginal gyrus [56 —46 38]. Other
details are the same as for Fig. 2.

et al., 2003; Schilbach et al.,, 2006]; such awareness is
closely related to, but distinct from, the social evaluation
process.

Although the enhanced response caused by the enriched
social context was also self-face-specific in the right occipi-
toparietal sulcus, its interpretation will be largely left to
future research. The posterior medial cortex is sometimes
implicated in self-relevant processes together with the
MPFC [Northoff et al., 2006; Uddin et al., 2007], occasion-
ally with reference to the “default mode network" [Raichle
et al., 2001]. However, self-specificity in this region is typi-
cally manifested as a response to self-relevance, which
does not dissociate the self from the friend [Sugiura et al.,
2005]. In addition, we have no explanation for why
response enhancement was self-face-specific only in this
region and not in the right counterpart or posterior cingu-
late cortex (significant interaction in the ANOVA).

One may suspect that enhanced self-face-specific activa-
tion in the high block is sufficiently explained by the
higher saliency of the familiar face due to the larger num-

ber of distracter faces in the high than low block. We do
not accept this alternative account because (i) the enhance-
ment of saliency should affect activation not only for the
self-face but also for the friend’s face, and (ii) the effect of
saliency should also be evident in the differential activa-
tion between target faces in the low block, in contrast to
the results.

Assimilation of Friend With Self in Right Lateral
Cortical Activation

The observed right lateral parietal and temporal activa-
tion for the friend’s face in the high block suggests that
the simple concept of the self-specific recruitment of these
regions is no longer valid. This finding, however, does not
devalue the role of these regions in visual self-recognition.
Evidence for the involvement of these regions in the physi-
cal self, or the visual-kinesthetic representation of one’s
own body, is robust [Ehrsson et al., 2004; Fink et al., 1999;
Tsakiris et al., 2008; Yomogida et al., 2010], and this sys-
tem no doubt plays a critical role in visual self-
recognition.

The finding suggests that the right lateral cortical system
supporting the physical self also underlies the representa-
tions of socioemotional relationships with personally fa-
miliar people. This idea is congruent with the concept of
viewing a close relationship with a friend or family mem-
ber as an inclusion of others in the self [Aron et al., 1991].
Recent neuroimaging studies demonstrated the activation
of these or adjacent regions during the recognition of faces
of family members [Platek and Kemp, 2009] and friends,
but not famous people [Sugiura et al., 2011]. Enhanced
access to the representation of a socioemotional relation-
ship during the high block is explained by the demand of
the familiar/unfamiliar task; access to the representation
was essential in the high block, but dispensable in the low
block where only a single unfamiliar face (i.e., LC) was
repeatedly presented.

A clear explanation for the common involvement of the
right lateral cortical system, both in the physical self and
in the representations of a socioemotional relationship, is
so far absent. One possible explanation for this is the
potential role of visual-kinesthetic integration in the devel-
opment of socioemotional interaction [Gergely 2001]. In
this explanation, the system first detects a perfect visual-

TABLE IV. Self-face-specific inactivation

Peak Cluster Modulation (P) ANOVA (P)
Structure X Y z T Size Self  Friend  Control  Context Face Interaction
Middle temporal gyrus ~ —64  —34 -2 458 132 0.036 <0.001
Supramarginal gyrus 56  —46 38 478 189 0.006 0.003

Significant activation in the contrast HF + HC — 2 x HS. The contrast LF + LC — 2 x LS gave no significant activation. Details of the

presentation are the same as those for Table II.
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kinesthetic matching to establish the physical self in early
infancy. Later, the same system acquires sensitivity to a
loose contingency between one’s own motion and stimuli
from socially reactive objects. An example of such a loose
contingency is a mother’s imitated reaction to her baby’s
vocalizations and emotional expressions. The importance
of such contingency detection in socioemotional develop-
ment is widely accepted [Tarabulsy et al., 1996].

Further functional segregation of the right lateral cortical
regions may be suggested by the inhomogeneous patterns
in the observed friend-self assimilation across the regions.
A pure friend-self assimilation, as shown by significant
friend-specific modulation and significant interaction, was
observed in the inferior temporal and supramarginal gyri
only. On the contrary, the pars triangularis of the inferior
frontal gyrus did not show the same assimilation. This
region showed clear self-face-specific activation exhibiting
no social-context-dependent modulation, suggesting the
unique self-specific role of this region. This unique role
may be congruent with a previous report that only this
region presented a negative correlation between neural
response and degree of embarrassment during self-face
recognition [Morita et al., 2008].

Self-Specific Deactivation of Temporoparietal
Regions

A lower activation of the posterior part of the left mid-
dle temporal gyrus and the right supramarginal gyrus for
the self-face than for the friend’s or the control faces is
consistent with our previous observation [Sugiura et al.,
2008]. Based on the suggested involvement of these
regions in the processing of social information, we have
speculated that observed deactivation reflects the suppres-
sion of such a process for self-related stimuli in terms of
parsimony. The current results do not contradict this
speculation.

Conceptual Implication for Self-Models

Taking these considerations together, our results demon-
strate the dynamic nature of multiple self-other representa-
tions in the human brain. Brain regions showing self-face-
specific activation can be divided into at least three net-
works exhibiting different patterns of modulation in the
social context. The medial cortical structures, including the
ventral MPFC, show response-enhancement in the social
context. The right lateral parietal and temporal cortices, re-
sponsive specifically to the self-face, become responsive to
the friend’s face in the enriched social context. No modula-
tion was observed for self-face-specific activation in the
pars triangularis of the inferior frontal gyrus, and for self-
face-specific deactivation in the left middle temporal gyrus
and the right supramarginal gyrus. These observations
lend neuroscientific support to multi-component models of

the self [Bekoff and Sherman, 2004; Morin, 2006; Rochat,
2003].

Inclusion of the self-evaluation process in the explana-
tion of the self-face recognition mechanism may conclude
controversy on the criteria of mirrored self-recognition in
comparative psychology. Since Gallup [Gallup, 1970], self-
directed behavior in front of the mirror, usually probed by
a mark attached to unseen parts of an animal’s or an
infant’s body (i.e., mark test), was assumed to be evidence
of visual self-recognition. A report of pigeons’ self-directed
behavior in front of a mirror after training [Epstein et al.,
1981] has brought furious controversy on the criteria of
self-recognition. Many researchers thereafter only accepted
spontaneous, rather than trained, self-directed behavior as
a critical condition of “genuine” self recognition [Schilhab,
2004]. We consider the spontaneity of self-directed behav-
ior to be closely associated with self-evaluation during
self-face recognition, as the behavior is triggered by one’s
interest in one’s own appearance which stems from the
social values one sees in one’s own appearance. The ven-
tral MPFC may underpin the “genuine” self-recognition
that comparative psychologists are unwilling to accept for
pigeons.

Methodological Considerations

We used face stimuli with a variety of expressions and
eye-gaze directions. This variety may make some contribu-
tion to the contexts where self-face-specific response is
induced. This may be true for the context of the physical
self, given that self-specific right parietofrontal activation
has typically been reported in studies where faces with
expressions were used as stimuli [Morita et al., 2008;
Sugiura et al.,, 2008; Sugiura et al., 2006, Sugiura et al.,
2005; but see Uddin et al., 2005]. A contribution to the
social context is also possible given the social connotation
carried by those facial expressions and eye-gaze directions.

One may have concerns about the validity of our fMRI
experimental design in that the inter-stimulus interval was
not jittered and the resting periods between blocks were
very short. We do not consider these to be problematic
because we focused our interest on the neural responses to
a specific target-face or its modulation in the social con-
text. The omission of jittering may cause contamination of
the effect of preceding or subsequent trials to the estima-
tion, which may result in artifactual activation or deactiva-
tion in a pure event-related analysis. However, this
possible artifact is not likely to show target-face-specificity
because this confounding effect should exist equally across
the target faces. That is, the artifactual activation or deacti-
vation, if any, should be cancelled out in the tests of tar-
get-face-specificity. The short length of the between-block
resting period is also not problematic because we were
interested in the differential event-related response
between target faces, rather than activation against the
resting baseline.
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CONCLUSIONS

The assumed neural correlate of the social self, the
MPFC, was activated during self-face recognition in the
enriched social context. Given the ventral activation focus
in the MPFC, and knowing the involvement of this region
in the social evaluation process, this activation may reflect
a part of the functioning of the social self that is relevant
to the social value of the self-face. Although activation in
the right lateral parietal and temporal regions, previously
implicated in the physical self, was not modulated for the
self-face in the social context, it was enhanced for the
friend’s face in the enriched social context. This may sug-
gest that this system, the physical self, may also underlie
representations of socioemotional relationships with per-
sonally familiar people. No such social-context-induced
modulation was observed for self-face-specific activation
in the pars triangularis of the inferior frontal gyrus, nor
for self-face-specific deactivation in the left middle tempo-
ral gyrus and the right supramarginal gyrus. Taking these
observations together, self-face-specific activation may be
designated to at least three brain networks exhibiting dif-
ferent modulation-patterns in the social context, suggesting
a dynamic nature of multiple self-other representations in
the human brain.
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