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Abstract: The familiarity to the subject of any potential stimuli presents one of the major difficulties for the
investigation of the self; the separation of effects resulting from familiarity from self-effects being extremely
problematic. The aim of this study was thus to investigate the neural distinction between self and familiarity by
combining two sets of fMRI data with a meta-analysis. In the first f/MRI experiment, regions responding to self/
familiarity were investigated using the subject’s own name and names of familiar others. These effects were
confirmed and extended in a second fMRI experiment using the subject’s own name and a stranger’s name, as
spoken by familiar and unfamiliar voices. Finally, a meta-analysis of self- and familiarity-related studies was
conducted. Neural activity in the anterior brain regions, such as the anterior cingulate (ACC) and anterior insula
(AI), was found to be specific for self-specific stimuli. In contrast, posterior brain regions, such as the posterior
cingulate, were activated by familiar stimuli. Finally, the distinction between anterior and posterior regions for
self and familiarity was confirmed by meta-analytic data. This study demonstrates a clear anterior—posterior

cortical partition between self-specificity and familiarity. Hum Brain Mapp 00:000-000, 2010.
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INTRODUCTION

The neural basis of the self has been one of the most
prominent problems in neuroscience [Gillihan and Farah,
2005; Legrand and Ruby, 2009; Northoff and Bermpohl,
2004; Northoff et al., 2006]. Recent brain imaging studies
have indicated that anterior and posterior cortical midline
regions, such as the anterior cingulate cortex (ACC),
medial prefrontal cortex (MPFC), and the posterior cingu-
late cortex (PCC), may display specific neural activity
changes during the perception of self-specific stimuli
[Feinberg, 2009; Feinberg et al., 2010; Kelley et al., 2002;
Mitchell et al., 2005; Northoff and Bermpohl, 2004; North-
off et al., 2006; Platek et al., 2006; Uddin et al., 2007; Yaoi
et al., 2009; Zhu et al., 2007]. In this context, self-specificity
is an operational term that describes a specific experimen-
tal variable, a particular kind of stimuli used in experi-
mental designs testing for the self. In addition, other
anterior regions, including the anterior insula, have also
been associated with the processing of self-specific stimuli
[Enzi et al., 2009; Modinos et al., 2009].

However, recent reviews have raised questions as to
whether neural activity in these regions is really self-spe-
cific [Gillihan and Farah, 2005; Legrand and Ruby, 2009].
Confounding factors, such as the degree of familiarity of
the stimuli, or the composition of the task itself—for exam-
ple, the cognitive processes involved in the evaluation of
the stimuli (i.e., trait judgment task), separate from any
self-specific cognitive component—may by themselves
lead to neural activity changes in the midline regions.

Although a recent study [Seger et al., 2004] has demon-
strated a strong regional overlap between self-specific and
familiar stimuli in both the anterior and posterior midline
regions, other studies have indicated a predominantly an-
terior cortical involvement, for instance in the ACC, dur-
ing the processing of self-specific stimuli [D’Argembeau
et al., 2005, 2007; Feinberg, 2009; Feinberg et al., 2010; Gus-
nard and Raichle, 2001; Han et al.,, 2009; Modinos et al.,
2009; Ochsner et al., 2005; Zhu et al., 2007]. In contrast,
studies of personal familiarity have generally indicated the
involvement of posterior regions like the PCC in the proc-
essing of stimuli of this type [Nakamura et al., 2001; Shah
et al., 2001; Sugiura et al., 2006; von Kriegstein et al.,
2005]. As described above, personal familiarity is always a
major confounding factor in studies of the self, from be-
havioral studies [Bower and Gilligan, 1979] to brain imag-
ing studies [Gillihan and Farah, 2005; Seger et al.,, 2004;
Sugiura et al., 2005]. Personal familiarity may be distin-
guished from familiarity more generally (such as the fa-
miliarity of a public figure whom one has, however, never
met in person) through the involvement in it of autobio-
graphical memory and self-related emotional responses, as
opposed to the recruitment of semantic memory in the
case of public figures [Gobbini et al.,, 2004; Leibenluft
et al., 2004; Sugiura et al., 2006, 2008; Zhu et al., 2007].
Unfortunately, the neural distinction between self-specific-
ity and familiarity remains unclear, and no studies have

yet investigated the relationship between self-specific and
personally familiar stimuli whereas at the same time con-
trolling for possible confounding effects from the composi-
tion of the experimental task involved. Without such a
distinction, the potential of studies into the neural under-
pinnings of the self must necessarily be limited.

The overall aim of our study was to investigate the rela-
tionship between self-specific and personal familiar stimuli
to clarify the regional specificity, if any, involved in the
processing of each stimuli type. To do this, we first inves-
tigated those regions involved in the processing of self-
specific stimuli, hypothesizing, based on the studies
described above, that the anterior cortical regions would
be recruited under this condition. At the same time, possi-
ble familiarity-specific regions were investigated, with the
posterior cortical midline structures being hypothesized to
be involved in the processing of stimuli of this type.
According to the neural difference between personal famil-
iar people and famous people [Gillihan and Farah, 2005],
and personal familiarity may involve more autographical
memory and emotion response of the own person, that is,
self whereas the familiarity of famous or public people
may rather recruit semantic memory [Northoff et al.,
2006], the stimuli about the personal familiar people were
adopted.

The investigation of the processing of self-specific and
familiar stimuli was undertaken through two separate
fMRI experiments and a meta-analysis of imaging studies
of self-specificity and familiarity. The first fMRI experi-
ment compared the neural response to the aural percep-
tion of the subject’'s own name with the response to
hearing the names of people with whom the subject was
familiar—such as a friend—and the names of people with
whom they had no familiarity at all. In this experiment the
names—self, familiar, and unknown—were presented
using an event-related study design. The second fMRI
experiment then aimed to further typify the interplay
between, and regional specificity of, self-specificity and fa-
miliarity by investigating the neural response to the sub-
ject’s own name when spoken by either an individual with
whom they were familiar or by a stranger. Finally, to vali-
date our results, and to go some way to ameliorating the
issue of task-effects on the results in this particular con-
text, as described above, we carried out a meta-analysis of
self and familiarity and compared the results from this
with those obtained in the fMRI experiments.

MATERIALS AND METHODS
Subjects

Seventeen healthy volunteers participated in the study
(10 female; age range 20-27 years; 16 right handed). None
had a history of neurological or psychiatric disorders or
were taking medication. All the participants completed
both the event-related experiment and the block-design
experiments, as described below. The study was approved
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by the local Ethics Committees of the Institute of Psychol-
ogy at Chinese Academy of Sciences.

Stimuli

Five auditory stimuli were used: the subjects own name
(SON) spoken by a familiar voice (SON-FV); SON spoken by
an unknown voice (SON-UV); a friend’s name (Chinese) spo-
ken by an unknown voice (FN-UV); an unknown person’s
name (Chinese) spoken by an unknown voice (UN-UV); and
an English name spoken by an unknown voice (EN-UV). The
FN-UV stimuli were one name of selected classmates of the
subjects, of the same gender. The familiar voice used was
specific to each participant, being a single classmate with
whom they were friends, and was the same for each of the
two experiments for each subject. Unknown voice stimuli
were always said by the same person. Note also that subjects
would have been in close contact with their classmates for a
minimum of 2 years. The unknown names were disyllabic
names in common usage in China. These were selected from
a list of 200 names (100 for male and 100 for female) based on
100 undergraduate students’ familiarity evaluation (5 =
extremely common, 4 = very common, 3 = common, 2 = not
common, 1 = very rare, those scored 4-5 were used). All
stimuli were presented at 80 dB with a mean duration of 741
+ 84 ms (S.E.). During scanning, all participants confirmed
that they could hear the names clearly.

Experimental Design

Experiment 1 (event-related design): This experiment
was used to determine those regions that were specific to
the self, and not to familiarity. Sixty each of SON-UV, UN-
UV, FN-UV stimuli, and 24 EN-UV stimuli, were pre-
sented in four runs, with stimulus onsets randomized
between 4 and 12 s. Stimuli were presented in a pseudo-
random order. To ensure that subjects were attending to
the stimuli during the experiment, subjects were asked to
respond to EN-UV stimuli by pressing one key using right
thumb. The participants listened passively to all other
name (with eyes open) without giving any response in
order to eliminate the effect from tasks.

Experiment 2 (block design): This experiment was used to
verify the result of the first experiment in different domain
for familiarity. The subject was presented with either their
own name spoken by a familiar voice (SON-FV), their own
name spoken by an unfamiliar voice (SON-UV), or an unfa-
miliar name spoken by an unknown voice (UN-UV). A con-
dition in which the subject was presented with their own
name spoken by themselves was not used, as people usually
perceive their recorded voice as different from that which
they hear when they hear themselves speak. Five blocks of
each of the three stimuli were presented (15 blocks in total).
Each 12 s block consisted of six stimulus presentations, with
an inter-trial interval of 16 s. During the experiment, partici-
pants listened passively to the stimuli.

MRI Scanning

MR images were acquired on a GE 3.0T Sigma Excite
scanner. Functional images were acquired using a T2*-
weighted echo-planar imaging (EPI) sequence (TR/TE/0 =
2,000 ms/30 ms/90°, FOV = 240 x 240 mm, matrix = 64
x 64, slice-thickness = 4 mm, gap = 0 mm). Each volume
had 31 axial slices, covering the whole brain. Following
the functional scans, a fast SPoiled GRass (SPGR) sequence
was used to obtain the 3D whole brain images (TR = 8.5
ms, TE = 3.4 ms, flip angle = 12°, FOV = 280 x 280 mm,
Matrix = 256 x 256, slice-thickness = 1 mm) for functional
image registration and localization.

Data Analysis

Functional images were processed using the AFNI soft-
ware package [Cox, 1996]. The data from the two experi-
ments underwent a pre-processing procedure that
included two- and three-dimensional head-motion correc-
tions, masking for the removal of the skull, and spatial
smoothing using a kernel of 4 mm full-width at half-maxi-
mum. Scan data from Experiment 1 and 2 were converted
to Talairach space and resampled to 1 mm isotropic
voxels.

Event-related design experiment: Following the above
pre-processing procedures, the data were submitted to
deconvolution analysis to obtain a map of the estimated
coefficients for the three stimuli (SON-UV, UN-UV, and
FN-UV). Group analyses were performed to produce the
following three contrasts using paired f tests: SON-UV
versus UN-UV, SON-UV versus FN-UV, and FN-UV ver-
sus UN-UV. To protect against Type I-error, a P < 0.005
and a cluster volume exceeding 280 mm® were considered
to show a positive response (o level of 0.01). These thresh-
olds were calculated with the AlphaSim program in AFNI
with multiple testing, FWE corrections.

To identify those brain regions specifically responsive to
self-specific stimuli and at the same time to minimize the
impact of non-specific familiarity in SON-UN versus FN-
UV, we identified those areas that overlapped between the
two contrasts (SON-UV vs. EN-UV and SON-UV vs. UN-
UV). A comparison of overlapping regions between the
contrasts (FN-UV vs. SON-UV and FN-UV vs. UN-UV)
was then carried out to identify those regions that
responded specifically to familiarity as distinguished from
both self- and non-self-specificity. Finally, to identify those
regions that overlap between self-specificity and familiar-
ity as distinguished from non-self-specificity and non-fa-
miliarity, a third comparison, between the contrasts (SON-
UV vs. UN-UV and FN-UV vs. UN-UV) was carried out.

Block design experiment: The pre-processed data were
submitted to deconvolution analysis to obtain a map of
the estimated coefficients for the SON-FV, SON-UV, and
UN-UV conditions. Because of severe head movement
(>2 mm), data from two subjects were discarded. The
brain regions identified in the overlap comparisons (self-
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specificity, familiarity, and regions overlapping for both)
for the first experiment were used as regions of interest
(RQI) in the analysis of the block design experiment. These
ROIs were applied to the data from the block design
experiment, and the mean estimated coefficients in these
regions for SON-FV, SON-UV, and UN-UV were calcu-
lated. Comparisons between these mean coefficients were
then carried out (SON-FV vs. SON-UV, SON-FV vs. UN-
UV, and SON-UV vs. UN-UV) in all ROIs (paired f tests,
two-tailed) using SPSS version 13.0 (SPSS, Chicago, IL).

Meta-Analysis
Literature search and coordinates selection

In addition to the two fMRI experiments described
above, we undertook a meta-analysis of the literature
available on imaging studies of the self and familiarity.
This allowed us to investigate the consistency between the
results of the present study and those produced by previ-
ous studies, providing an independent validation of the
ROIs used to undertake our second level analysis.

All the studies were selected from the search result in
Pubmed from 1999 to August of 2009. Both the fMRI and
PET results were included in the current meta-analysis.
For all the four conditions, the following inclusion criteria
were applied:

1. Only data (brain activity coordinates) from the adult
healthy subjects were included whereas those from
neurological or psychiatric patients were excluded.

2. Only studies measuring brain activity in the whole
brain were included whereas the studies based on
regions of interest (ROI) analysis were excluded.

3. All the brain activity reporting significant activity
changes in the single studies were included; for the
meta-analysis, only the coordinates of the peak voxel
maxima were included whereas we did not consider
the volume of the activated clusters.

4. The significant activity coordinates within the whole
brain from each single study were included as distin-
guished from merely considering coordinates in pre-
defined special brain regions, see for instance
Northoff et al. [2006], who focused only on the mid-
line regions.

5. The data about the brain activity revealed by task
comparison [image subtraction method, parametric
designs and brain imaging (fMRI, PET)-other signal
(behavior, ERP) correlations] were included. In con-
trast, data about functional connectivity were not
considered.

6. The coordinates reported in the space of the MNI
template or the atlas of Talairach and Tournoux were
included.

See the following information for each condition.

Self Condition

We included 57 recent articles about self-specific proc-
essing (see Supporting Information Table 4). We used a
rather broad and unspecific definition of self-related tasks
describing all tasks where some material or content had to
be related to the persons themselves, that is, their own
selves. This broader definition was used rather than just
“self-specific” to obtain a wider range of potential studies,
as well as because other terms, such as “self-related,” have
frequently been used in the literature when studying self-
specific stimuli. Compared with self-specificity, the con-
cept of self-related processing does not describe an opera-
tional term and thus an experimental variable but rather a
specific neuronal process assumed to be tapped in when
applying self-specific stimuli. We used the following key-
words to find the studies for the self condition: “fMRI” or
“PET” with “self,” “self-related,” “self-relevant,” “own
name,” “own face,” “autobiographical,” “first person per-
spective,” and “agency” in the title or abstract of the stud-
ies. In addition, some studies from a previous
corresponding meta-analysis [Vanderwal et al., 2008] were
included. The tasks used in these articles included trait ad-
jective judgment, retrieval of personality traits, face recog-
nition, body recognition, personal thinking, name
perception, autobiographical memory, own feeling, self-
administered pain, person perspective tasks, and agency
tasks (see Supporting Information Table 4 for more infor-
mation). The following contrasts were used in the single
studies: self versus personal familiarity, self versus con-
trol/baseline, self versus public people, first-person per-
spective versus third-person perspective, and self versus
other (agency task). The coordinates of the brain regions
involved in correlation between self evaluation and BOLD
signal were also included. The coordinates that showed
significantly stronger brain activity comparing the self con-
dition with other conditions (even all the condition
showed deactivation compared with the baseline) in the
single studies were included.

Y

Familiarity Condition

Intending to keep consistency with the above experi-
ments, our familiarity condition included 23 recent articles
that investigated the neural effects of personally familiar
people, for example, participants’ family, friends, class-
mates, and relatives (Supporting Information Table 5). We
used the following keywords to find the studies for the fa-
miliarity condition: “fMRI” or “PET” with “familiarity,”
“familiar name,” “familiar face,” and “familiar voice” in
the title or abstract of the studies. The tasks adopted in the
single studies on familiarity included face recognition,
body recognition, voice recognition, trait adjective judg-
ment, and name recognition. The following contrasts were
used in the single studies: personal familiarity versus self,
personal familiarity versus stranger/baseline, and personal
familiarity versus public people. The coordinates that
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showed significantly stronger brain activity in personal fa-
miliarity condition when compared with the other condi-
tion in single studies were included. Finally, coordinates
that showed common brain activity for self and familiarity
[Wager et al., 2009] were included in the familiarity condi-
tion rather than the self condition as it was assumed that
the common regions for self and familiarity represented
the personal familiarity of the stimuli.

Meta-Analysis Methods

We used Multilevel Kernel Density Analysis (MKDA)
[Kober et al., 2008; Wager et al., 2009] to process our meta-
analysis, In MKDA, the coordinates are treated as the loca-
tion of the activation, and the coordinates from one con-
trast in one study make up a particular statistical contrast
map (SCM), there could be some different SCM from one
study. The main aim of the MKDA is to reconstruct a map
of significant regions for each statistical contrast map
within study, and analyze the consistency and specificity
across all the studies in the neighborhood of each voxel.

In the following, the detailed method used in the pres-
ent study will be described. The coordinates (peak activa-
tion) in each single study were transferred in MKDA to a
standard brain from the Montreal Neurologic Institute as
distributed with SPM2 software (Wellcome Department of
Imaging Neuroscience, London, UK). The coordinates
from each study contrast were treated as an individual
SCM. To then integrate the coordinates in space, the coor-
dinates in each SCM were considered as one spherical ker-
nel with a radius of 10 mm. This means that the voxels in
a 10 mm radius around each contrast’s coordinates were
regarded as activated, the maximum value of these voxels
being restricted to 1. This contributed to construct one in-
dicator map for each SCM where the value 1 in the voxel
represented a coordinate (reported in the single study) in
the neighborhood. These indicator maps were weighted by
the number of the subjects in the particular study and the
kind of data analysis (random or fixed effects). The current
version of MKDA weights each SCM by the square root of
the number of the subjects, whereas the SCM from those
studies using fixed effects analysis are down weighted by
a factor of 0.75. We did not consider the z scores of the
single studies because first they are not provided by
all studies and second their inclusion has been shown
to confound with the replicability of activation across stud-
ies, hence making interpretation more difficult [Wager
et al., 2009].

The weighted average of the indicator maps was com-
pared with the maximum proportion of activated compari-
son maps expected under the null hypothesis that there is
no coherent spatial consistence across the SCMs. During
this calculation, a random effects analysis was used. For
the thresholding of the results, MKDA uses a threshold
derived from Monte Carlo Simulation of the global null
hypothesis. The contiguous activated clusters of each SCM

were identified, and were selected at random within a
gray matter mask (smoothed to include an 8 mm border,
derived from segmentation of the avgl52T1.img template
using SPM2). In the present study, we used 5,000 Monte
Carlo iterations (note that results should be stabilize after
2,000 iterations) [Enzi et al., 2009; Modinos et al., 2009].
The significance threshold was set at to P < 0.05, corrected
for multiple comparisons (FWE-correction), with a cluster
extent threshold of 10 voxels.

Comparison of fMRI and Meta-Analysis Results

To verify the consistency between our experiments and
previous studies, and thus give preliminary evidence that
the self and familiarity effects shown in the fMRI compo-
nent of the study were not stimulus-specific, we identified
the overlap between the regions identified in the experi-
ments and those identified in the meta-analysis. We con-
verted the image results of the meta-analysis to AFNI
format and then identified the overlapping regions
between the self-specific regions identified in the fMRI
component (i.e., the overlap between SON-UV vs. FN-UV
and SON-UV vs. UN-UV) and the self meta-analysis; as
well as the overlapping regions between the familiarity-
specific regions (i.e., the overlap between FN-UV vs. SON-
UV and EN-UV vs. UN-UV) from our experiment and the
familiarity meta-analysis. This was done to ensure that the
contrasts (i.e., overlaps) were the same in both event/block
design studies and meta-analysis.

RESULTS

Signal Changes Associated with Self-Specific
Stimuli

To identify those signal changes that are specifically
related to self-specific stimuli (i.e., the subject’s own
name), as distinguished from both familiar stimuli and
general stimulus/task-related effects, we identified the
regions that overlapped between the two contrasts (SON-
UV vs. FN-UV and SON-UV vs. UN-UV), from the data
obtained in Experiment 1. This analysis yielded significant
signal changes in the caudal ACC (cACC), anterior ACC
(aACC), supplementary motor area (SMA), bilateral ante-
rior insula, and right middle insula (Fig. 1A,B and Sup-
porting Information Table 1). We then took these regions
as regions of interest (ROI), and used these in our analysis
of the data obtained in Experiment 2, extracting the mean
signal change during each condition from each ROI.

The subject’s own name (SON-FV and SON-UV) induced
significantly stronger signal changes in the cACC, the SMA
and the right middle insula, when compared to the signal
changes induced by the hearing of an unknown name (UN-
UV). These same regions did not show any significant dif-
ference in mean signal change between the responses to the
subject’s own name when spoken by a familiar voice
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Figure 1.

A: Brain activations for self-specific stimuli from overlap of con-
trasts (SON-UV vs. FN-UV and SON-UV vs. UN-UV; P = 0.01,
FWE corrected). B: Parameter estimates (Mean + SE) for SON-
UV, FN-UV, and UN-UV in the cACC, SMA, aACC, and insula in
the event-related experiment (Experiment |). C: Parameter esti-
mates (Mean £ SE) for SON-FV, SON-UV, and UN-UV in the
same ROIs for the block-design experiment (Experiment 2).
*Denotes P < 0.05; cACC, caudal anterior cingulate cortex;
aACC, anterior ACC; SMA, supplementary motor area.

compared to the response to the subject’s own name spoken
by an unknown voice. In contrast, signal changes in the
aACC and bilateral anterior insula did show significant dif-
ferences between the response to the subject’s own name, as
spoken by familiar voice (SON-FV), and the subject’s own
name as spoken by an unknown voice (SON-UV) and both
SON-UV and SON-FV show significant difference com-
pared with unknown name (Fig. 1C).

Regions Specifically Implicated in Familiarity

To identify those regions that are specifically responsive
to familiar stimuli (i.e., familiar name), as distinguished
from both those regions that are responsive to self-specific
stimuli, and general stimulus/task-related effects, we iden-
tified those regions that overlap between the two contrasts
(FN-UV vs. SON-UV and FN-UV vs. UN-UV), from the data
obtained in Experiment 1. This analysis identified signifi-

cant signal changes in the bilateral PCC that are specific for
familiarity, as distinguished from the response to self-spe-
cific stimuli (Fig. 2A,B and Supporting Information Table 2).

Familiarity specific regions
A (FN-UV vs. UN-UV AND FN-UV vs. SON-UV)

B Distinction between familiarity and self by name
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Figure 2.

A: Brain activations for familiarity from overlap of contrasts (FN-
UV vs. SON-UV and FN-UV vs. UN-UV; P = 0.0, FWE corrected).
B: Parameter estimates (Mean + SE) for SON-UV, FN-UV, and
UN-UYV in the R-PCC and L-PCC in the event-related experiment
(Experiment ). C: Parameter estimates (Mean + SE) for SON-FV,
SON-UV, and UN-UV in the same three ROIs for the block-design
experiment (Experiment 2). *Denotes P < 0.05; R-PCC, right pos-
terior cingulate cortex; L-PCC, left posterior cingulate cortex.
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Common regions for self and familiarity
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Figure 3.

A: Brain activation for common regions between the self and famili-
arity from overlap of contrasts (SON-UV vs. UN-UV and FN-UV vs.
UN-UV; P = 0.01, FWE corrected). B: Parameter estimates (Mean
=+ SE) for SON-UV, FN-UV, and UN-UV in the MPFC, PCC, R-TP)J,
and L-TPJ in the event-related experiment (Experiment |). C: Param-
eter estimates (Mean £ SE) for SON-FV, SON-UV, and UN-UV in
the same three ROls for the block-design experiment (Experiment
2). *Denotes P < 0.05; MPFC, medial prefrontal cortex; R-TP), right
temporoparietal junction; L-TP), left temporoparietal junction.

Applying the left and right PCC as regions of interest to
the data from Experiment 2, signal changes in the left PCC
during the own name called by a familiar voice (SON-FV)
condition were found to be significantly greater than those
produced in this region during both the own name called
by unknown voice (SON-UV), and unknown name called
by unknown voice (UN-UV) conditions. In contrast, there
was no difference between the signal changes in this region
during the SON-UV and UN-UV conditions. Similar to the
left PCC, signal changes in the right PCC did differ in SON-
FV when compared to UN-UV, with no difference between
SON-FV and SON-UV, and SON-UV and UN-UV (Fig. 2C).

Common Regions for Self-Specific and
Familiar Stimuli

To identify those regions responsive to both self-specific
and familiar stimuli, we further identified the overlapping

brain regions between the two contrasts (SON-UV vs. UN-
UV and EN-UV vs. UN-UV), from the data obtained in
Experiment 1. The medial prefrontal cortex (MPFC), a dis-
tinct subregion of the PCC, and the bilateral temporoparie-
tal junction (TPJ]) were identified as showing overlapping
areas of activation to both self-specific and familiar stimuli
(Fig. 1A,B and Supporting Information Table 3). Using
these regions as ROIs in the analysis of Experiment 2, it
was found that the PCC and left TP] showed significant
stronger signal changes in SON-FV than UN-UV; whereas
no difference was found between the responses to the
SON-FV and SON-UV conditions, nor between the
responses to the SON-UV and UN-UV conditions, in these
regions. There was no difference between different stimuli
in the MPFC and right TPJ (Fig. 3C).

Comparison Between fMRI and
Meta-Analytic Data

To provide an independent validation of the results
obtained from the present study, we compared the regions
identified in Experiment 1 with the results of an MKDA-
based meta-analysis of imaging studies investigating the
neural effects of self-specific and familiar stimuli. This
comparison revealed a strong overlap between the regions
identified in Experiment 1 as being responsive to self-spe-
cific stimuli, specifically the aACC and left anterior insula,
and those regions identified as such in the meta-analysis
(Fig. 4A). Similarly, those regions identified as being re-
sponsive to familiar stimuli in Experiments 1, specifically
the bilateral PCC, showed an overlap with the regions
identified as such in the meta-analysis (Fig. 4B).

DISCUSSION

Our first main finding consists in differential recruit-
ment of anterior and posterior cortical regions during the
processing of self-specific and familiar stimuli. In Experi-
ment 1, self-specific stimuli were shown to recruit predom-
inantly anterior cortical regions (ACC, Al and SMA),
whereas familiar stimuli were associated instead with
responses in the posterior cortical regions (PCC). Although
controlling for possible task-related effects, these findings
were confirmed by both our second fMRI study and by
the observed overlap between the regions identified in the
fMRI experiments and the regions obtained in the meta-
analytic study. Taken together, our data demonstrate a
neural divide between self-specificity and familiarity in an-
terior and posterior cortical regions, suggesting that both
concepts, self and familiarity, may need to be distin-
guished from each other.

We observed that self-specific stimuli recruited neural
activity changes in anterior cortical regions including the
ACC and bilateral insula. This is well in line with previous
studies showing the specific involvement of these regions
in self-specificity [Craig, 2009; Critchley et al.,, 2004;
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Overlapping regions between experiments and meta-analysis

B
A Self-specific regions Familiarity specific regions

L-insula

X=2 Z=2
[[] meta-analysis regions [ experiment regions [l Overlapping regions

Figure 4.
A: The brain overlapping between the self specific regions from overlap of contrasts (SON-UV
vs. FN-UV and SON-UV vs. UN-UV) and meta-analysis for the self condition. B: The brain over-
lapping between the familiarity regions from overlap of contrasts (FN-UV vs. SON-UV and FN-

UV vs. UN-UV) and meta-analysis for the self condition.

Devinsky et al., 1995]. Our study extends these results by
controlling for familiarity by using three sets of brain
region overlaps that allow, as much as possible, for the
exclusion of the confounding effects of the latter on the
former. In addition, this result was further validated by
the second fMRI experiment. Finally, our results were fur-
ther validated by the observed overlap between the
regions identified in the fMRI component of the study and
those identified via the meta-analysis.

The Al is well known to be involved in the processing
of interoceptive stimuli [Craig, 2002, 2003, 2004]. At the
same time, the AI is closely connected with the ACC,
which has been assumed to be crucial in generating con-
sciousness [Northoff et al., 2006] and a sense of self
[Augustine, 1996; Mesulam and Mufson, 1982; Vogt and
Pandya, 1987]. What have remained unclear so far, how-
ever, are the exact neural mechanisms that enable the
ACC to potentially constitute consciousness and self.

On the basis of our findings, one may hypothesize that
the close anatomical linkage between AI and ACC may
allow the incoming exteroceptive stimulus (such as the
person’s name, as in our study) to be functionally linked
to the interoceptive stimuli originating from the body [See
also Enzi et al., 2009; Feinberg, 2009]. It may thus be such
interoceptive—exteroceptive interaction via AI-ACC connec-
tivity that enables the transformation of a non-self-specific
stimulus into a self-specific one [2009]. This hypothesis is
further supported by the results from a previous study by
Taylor et al. [Nakamura et al, 2001; Shah et al., 2001;
Sugiura et al., 2006; von Kriegstein et al., 2005], in which it
was demonstrated, using an analysis of resting-state func-
tional connectivity, that the bilateral insula and ACC dis-
play closely correlated activity patterns. However, to
further support this hypothesis, future studies are needed

that specifically focus on the interoceptive—exteroceptive
interaction and how this affects the subsequent perception
and conscious experience of incoming exteroceptive
stimulus.

In contrast to self-specific stimuli, familiar stimuli
recruited neural activity changes in posterior cortical
regions, in particular the bilateral PCC. The involvement
of these regions is very much in accordance with previous
studies on familiarity [Frith and Frith, 1999, 2003, 2006;
Uddin et al., 2007, Van Overwalle, 2009]; as well as with
studies involving the perception of other people, such as
in mind-reading tasks, which also show the involvement
of these regions [Gillihan and Farah, 2005; Legrand and
Ruby, 2009]. By using the above described analysis, our
results extend previous studies by controlling for self-spec-
ificity, which in this context must be considered a con-
founding factor. Furthermore, we were able to confirm
and validate these results by both our second fMRI experi-
ment and the meta-analysis. Taken together with the
above discussed results on self-specificity, our findings
indicate an anterior—posterior cortical divide between self-
specificity and familiarity.

Our findings address a recent debate revolving around
whether there are regions in the brain whose activity is
specific for self-specificity or not [Gillihan and Farah,
2005]. Gillihan and Farah [2005] make the argument that
many of the regional activity changes observed during
self-specific stimuli may be traced back to the high degree
of familiarity of these stimuli [Cavanna and Trimble, 2006;
Gusnard et al., 2001; Wagner et al., 2005]. By controlling
for self-specificity in our analysis of familiarity and, con-
versely, for familiarity in our data on self-specificity, the
here observed anterior—posterior divide does not lend em-
pirical support to this argument. Instead, the clear divide
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between self-specificity and familiarity in anterior and pos-
terior cortical regions suggests that both must be consid-
ered distinct. This, however, raises the question as to what
accounts for such a distinction. As described above, what
makes an exteroceptive stimulus self-specific, rather than
merely familiar, may be its linkage to interoceptive stimuli,
with such a linkage seemingly being mediated by anterior
cortical regions. An exteroceptive stimulus may thus be
processed as being familiar, rather than self-specific, when
there is no such linkage between it and concurrent intero-
ceptive stimuli via the anterior insula. Instead, such non-
interoceptively linked exteroceptive stimuli may rather
recruit neural activity changes in posterior cortical regions,
such as the PCC/precuneus. Interestingly, these posterior
regions have been seen to be closely involved in the re-
trieval of episodic memories [Gillihan and Farah, 2005;
Northoff et al., 2006]. This hypothesis remains rather spec-
ulative at this point, however, and as such requires further
experimental testing; for instance through the use of ex-
perimental paradigms that focus upon the interaction
between interoceptive and exteroceptive, as well as self-
specific and familiar, stimuli.

The observed anterior—posterior divide between self-spec-
ificity and familiarity is, however, not a mutually exclusive
distinction. We observed a regional overlap between self-
specificity and familiarity in the MPFC, PCC, and TPJ, thus
implicating in some way those posterior regions that were
associated with familiarity in the processing of self-specific
stimuli. This can be interpreted in two different ways: First,
this regional overlap may reflect the high degree of familiar-
ity of self-specific stimuli, with this interpretation being con-
sistent with the often observed involvement of these regions
in the many imaging studies of self-specificity that have not
controlled for familiarity effects [2003]. Alternatively, one
could argue that even self-specific stimuli are processed in
the context of the wider environment, both physical and
social, and thus in relation to non-self-specific stimuli. If so,
one would hypothesize that it is the neural balance between
anterior and posterior regions rather than the exclusive
recruitment (or non-involvement) of anterior regions that
predisposes the stimulus to become either self-specific or fa-
miliar. This however remains to be tested in the future; for
instance, by investigating the potential differences in func-
tional connectivity between anterior and posterior regions
during both self-specific and familiar stimuli.

In a similar context, the overlapping region identified in
the MPFC is similar to those identified by Kampe et al.
[Holeckova et al., 2006, 2008] in a study that also utilized
the hearing of one’s own name. They interpret the activity
in this region as being associated with “theory of mind.”
The current data would also broadly fit with this interpre-
tation, with the hearing of one’s own name, as well as the
name of a familiar person, potentially both requiring this
putative theory of mind in the interpretation of the intent
of the individual calling the name. Studies targeted at this
particular issue would be required to expand on this pos-
sibility, however.

In addition to a neural overlap between self-specificity
and familiarity in posterior regions, we also observed
some possible interaction effects between both in anterior
regions, specifically the bilateral Al and anterior ACC.
Although we did not find any effect of familiarity alone in
these regions, familiar stimuli were able to enhance neural
activity in these regions during the processing of self-spe-
cific stimuli (for analogous results in EEG, although note
that these results do not treat the same regions as studied
here). This suggests that neural activity in these anterior
regions may be not exclusively sensitive to self-specific
stimuli, but rather that they may also be modulated by fa-
miliarity when processing self-specificity.

It should be noted, however, that the interaction between
self-specificity and familiarity was not tested in a properly
controlled 2 x 2 factorial design. These results must therefore
be treated with some caution. Furthermore, neither fMRI
experiment included a control for interoceptive stimuli. Our
assumption that insula activity reflects interoceptive process-
ing should thus be regarded as a preliminary treatment of
this issue, requiring further future investigation. A final
potential limitation of the study is that with stimuli being
presented repeatedly in the block-design experiment there is
the potential for repetition effects confounding the findings
detailed here (the randomization and long gaps between
stimuli in the event-related experiment should minimize this
possibility in it). An analysis of the BOLD responses in our
regions of interest does suggest that this is not the case (see
Supporting Information Figs. 1 and 2), but further investiga-
tion of potential differential repetition effects between self-
specific and familiar stimuli may be warranted.

CONCLUSION

By using two independent fMRI experiments, combined
with a meta-analytic study, we were here able to demonstrate
an anterior—posterior divide in the neural processing of self-
specific and familiar stimuli. Although self-specific stimuli
were associated with anterior cortical regions, such as the
ACC and the Al familiar stimuli recruited neural activity
changes rather in posterior cortical regions, such as the PCC
and TPJ]. Taken together, our results provide an empirical
argument against previous assumptions of self-specificity
being merely a high degree of familiarity. Finally, it is sug-
gested that the involvement of the identified anterior cortical
regions may be crucial for neurally distinguishing between
self-specific and familiar stimuli, with this involvement pos-
sibly reflecting an interoceptive-exteroceptive interaction.
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