


highlights the role of cortical midline structures
(CMS) in self-related processing (Northoff and
Bermpohl, 2004; Northoff et al., 2006). Most of the
imaging studies implicitly presuppose a concept of
the self as self-consciousness or self-awareness
(see Gusnard et al., 2001; McKiernan et al., 2006).
Various tasks applied in these studies required
subjects to make explicit reference to some aspects
of themselves and to consciously access and
monitor representational content about one’s self,
that is, conducting self-referential processing. Self-
referential processing consists of consciousness or
awareness of the self and is supposed to involve
higher-order cognitive function, out of which the
self emerges at the pinnacle of the psychological
and neural hierarchy. At the philosophical level,
such higher-order view of self-referential proces-
sing corresponds to predominantly cognitive and
higher-order accounts of the self. The character-
ization of the self as higher-order cognitive
function is however not compatible with the
alleged domain-independence of the self. Our
recent meta-analysis showed that self-related
processing remains domain-independent, that is,
occurring across various domains, be it verbal,
facial, spatial, or even sensorimotor, each time
recruiting the CMS (Northoff et al., 2006). If so,
the self cannot be characterized as higher-order
cognitive functions because then one would expect
no occurrence of the self in the lower-order
domain of sensorimotor functions.

What, however, is self-related processing? We
assume that self-related processing provides a
special code, format, or mode by means of which
sensory, emotional, or cognitive stimuli become
oriented toward and associated with the respec-
tive person. This may be tested empirically
by investigating the relationship between self-
relatedness and sensory processing. We would
postulate that the latter is guided implicitly by
the former. What does this imply for the concept
of the self? If self-related processing is indeed
a special kind of format or code, self-related
processing should be implicated in all kinds of
processing in a very basic sense rather than
emerging as higher-order cognitive or meta-
cognitive function at the pinnacle. If this is true,
self-relatedness codes, formats, and consecutively

determines the mode in which all incoming
stimuli, be they extero- or interoceptive, are
processed by our brain. Though we can seemingly
not escape from self-relatedness, we are appar-
ently at least able to modulate our reactivity
toward it by means of cognitive modulation.
Cognitive modulation allows us to distance
ourselves from our own self by, for example,
self-awareness or self-consciousness where one
takes an observing or analytical perspective
(rather than an experiential one) on one’s self.
Self-relatedness can then no longer be regarded as
the output of some higher-order cognitive func-
tion but rather the input to the latter that aims
to control and modulate it. In this case, self-
relatedness is no longer higher-order function
among others like working memory, attention,
etc., but rather a very basic function that predis-
poses and determines higher-order functions.

This characterization of self-relatedness as basic
formatting and organizing functions entails the
following empirical predictions. First, one would
expect close relationship between self-related
processing and social processing, since self-
relatedness should then modulate and impact all
incoming stimuli from the social environment.
Second, one would expect neural overlap between
self and other with both no longer mutually
exclusive and contradicting each other with regard
to their neural correlates. Third, self-related
processing as basic and formatting function should
occur in an implicit and automatic mode. Indeed,
these features of self-related processing have been
well observed in recent transcultural neuroima-
ging research.

Because the self of each individual develops
in a specific sociocultural context, it may undergo
strong modulations of social contexts and cultural
values and formulate a particular style to adjust
the way to efficiently interact with other indivi-
duals in social environments. Indeed, social and
cultural psychologists have shown ample evidence
for cultural difference in the self and self-related
processing (Markus and Kitayama, 1991; Zhu
and Han, 2008). The findings of social and cultural
psychology raise further interesting questions
of whether neural representation of the self and
neural substrates of self-related processing are
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shaped by socio-cultural contexts. Moreover, as
the self can be divided into different domains, one
would further expect to observe cultural influence
on neural substrates linked to different domains
of the self such as high-level self-trait processing
and low-level self-face recognition in an implicit
and automatic fashion. Research along this
line has stimulated the emergence of cultural
neuroscience (Chiao and Ambady, 2007; Han and
Northoff, 2008).

In this paper, we first review neuroimaging
findings regarding the neural substrates under-
lying different domains of the self. We then
present recent transcultural neuroimaging studies
that have shown preliminary evidence for cultural
influences on neural mechanisms of self-related
processing. We finally discuss how the neuroima-
ging observations help us to conceptualize the self
in psychological and philosophical terms.

Neural correlates of self-related processing

Neuroanatomy of self-relatedness and social
processing

The last decade has witnessed an increasing
number of functional neuroimaging studies focus-
ing on self-related processing or self-referential
processing (Phan et al., 2004; Craik et al., 1999;
Kelley et al., 2002; Turk et al., 2003; Northoff
and Bermpohl, 2004). A recent meta-analysis
of imaging studies on the self demonstrated an
involvement of medial cortical regions in self-
related tasks across different domains (motor,
emotional, memory, verbal, spatial, facial, and
social) (see Northoff et al., 2006). Results from
neuroimaging studies indicate that the more
anterior medial prefrontal cortex (MPFC) is
implicated in the self function and consists of
Brodmann areas (BAs) 9 and 10 (medial regions),
24, 25, and 32, with 11 and 14 in the medial orbital
cortex. In addition, the more posterior (caudal)
regions are also involved in the self function,
specifically the posterior cingulated (PCC), pre-
cuneus, and retrosplenial regions. The more
anterior dorsal regions, in particular the dorsal
MPFC (DMPFC), have been activated in many

studies on the self, which include a strong
evaluative or judgmental component (e.g., Zysset
et al., 2002; Johnson et al., 2002), while the more
rostral, ventral regions have been activated in
studies that had a self-reflection component (e.g.,
Seger et al., 2004; Kelley et al., 2002; Lieberman
et al., 2004). Finally, the more posterior central
midline structures have typically been activated in
tasks involving autobiographical memory (e.g.,
Fink et al., 1996; Piefke et al., 2003). The relation-
ship between the anterior and posterior CMS has
also been investigated in a recent PET–TMS study
(Lou et al., 2004). Analysis of functional connec-
tivity revealed a significant interaction between the
DMPFC, the posterior cingulated, precuneus, as
well as other regions (lateral prefrontal, inferior
parietal, and middle temporal).

In parallel to the impressive development in the
functional neuroanatomy of self-related proces-
sing, neuroimaging studies of the processing
of social stimuli also developed extensively.
The cognitive and emotional processes involved
in response to social stimuli have been coined
‘‘social cognition,’’ which includes (among others)
knowledge about the self, perceptions of others,
and interpersonal motivations. More recently,
investigation of the functional neuroanatomy of
social cognition has become one of the main



between others and oneself, the MPFC should be
activated by the processing of oneself and others.
This has indeed been the case; MPFC structures
have been activated when subjects formed
impressions about people as opposed to objects
(Mitchell et al., 2005a, b) or observed social
interactions between others (Iacoboni et al., 2004



The concept of an automatic self (Koole et al.,
2001) has been suggested and characterized by
operating automatically at an implicit, cognitively
nonreflective level, yielding automaticity in self-
evaluation without deliberative thought, often in
situations with decreased cognitive control, and
commonly associated with positive emotions.
Lieberman et al. (2004) further proposed an
X-system for the processing of intuition-based
implicit and automatic self-knowledge and a
C-system for the processing of evidence-based,
nonautomatic, conscious self-knowledge. They
also showed evidence that the X-system is associ-
ated with the VMPFC, nucleus accumbens,
and amygdala whereas the C-system is linked
to the lateral prefrontal cortex, hippocampus, and
posterior parietal cortex.

How are the ‘‘implicit and affective forms of
selfhood’’ (we assume these are the nomothetic
aspects of the self) and the various ‘‘explicit and
cognitive forms of selfhood’’ (the idiographic
aspects) related to each other in neurobiological
terms? Some studies reported activation (and
increased functional connectivity) in anterior and
posterior CMS during self-related tasks with low
cognitive load (Kjaer et al., 2002; Lou et al., 2004).
Conversely, deactivation (and low functional
connectivity) in CMS has been observed in tasks
with high cognitive load and low degrees of self-
relatedness (Gusnard et al., 2001; Kelley et al.,
2002). The implicit and explicit aspect of self-
related processing may be integrated through
the interaction between subcortical and cortical
midline regions (Panksepp and Northoff, 2009).
Subcortical regions may determine the basic self-
relatedness of the organism by coding the relation
between different stimuli: interoceptive, extero-
ceptive, motor, and emotional. This relation is
expressed in affective and valuative terms. The
resulting ‘‘sense of relatedness’’ may then be
further elaborated in cortical midline regions in
cognitive and temporal terms. Higher-order cog-
nitive abilities like attention, impulse control,
working memory, executive functions, etc., may
allow a representation of the ‘‘sense of related-
ness’’ on a cognitive or high mental level
independent of any actual stimulus. This allows
an organism to distinguish one’s ‘‘sense of

relatedness’’ from others’ ‘‘sense of relatedness’’
and thus from the environment, resulting in what
we above called the ‘‘sense of distinction.’’

Cortical midline regions may also regulate the
subcortically established ‘‘sense of relatedness’’
temporally. Recent studies in humans indicate
that the CMS are involved in both anticipating
future events and recollecting past events
(Schacter and Addis, 2007). Furthermore, self-
relatedness induced delayed signal changes more
in CMS than in subcortical structures (Schneidera
et al., 2008). Thus, it is likely that CMS may be
crucially involved in temporally extending the
subcortically processed here-and-now immediacy
of self-relatedness. By delaying or anticipating
neural activity and dissociating it from the
presence of the actual stimulus, CMS may put
the already established self-relatedness into a
wider temporal context when compared to sub-
cortical regions where it seems to be tied to the
actual presence of internal or external stimuli and
state-control functions (e.g., basic homeostatic
and emotional states).

Cultural influence on neural substrates of
self-related processing

Cultural difference in self-referential processing:
overlap between the self and close others

Unlike the Western philosophy that often dis-
cusses the unique dispositions to define the self or
self–other distinctions, East Asian philosophy
puts strong emphasis on human connections with
each other in social contexts and believes that the
highest achievement of a person is the identifica-
tion of the individual with the universe (Zhu
and Han, 2008). The difference in philosophical
thinking of the self has influenced greatly the
formation of psychological concept of the self.
For instance, the Western cultures result in an
independent view of the self with a bounded
structure that emphasizes unique dispositions
or traits of the self that keep invariant across
different social contexts, whereas the East Asian
cultures produce an interdependent view of the
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self with a variable structure that stresses the
fundamental connections between the self and
others and between the self and social contexts
(Markus and Kitayama, 1991). Does such cultural
influence extend to the neural substrates under-
lying the processing of self-related information?

To address this issue, we (Zhu et al., 2007)
scanned two cultural groups (i.e., English-speaking
Westerners and monolingual Chinese subjects)
while they performed trait judgment tasks regard-
ing self and a close other (i.e., mother). Cultural
universal neural activity related to the self-refer-
ential processing was localized to the MPFC and
the anterior ACC by contrasting trait judgment of
the self and trait judgment of a public person in
both cultural groups. An interesting finding of
this work is that, relative to trait judgment of the
public person, trait judgment of one’s mother
also activated the MPFC in Chinese subjects,
providing evidence for shared neural structure for
representation of both the self and a close other.
However, Western subjects did not show increased
activation in any brain areas in the contrast of
mother-judgment compared to other-judgment.
The findings provide the first piece of neuroima-
ging evidence for cultural difference in the neural
structure of the self. Specifically, Chinese indivi-
duals use the MPFC to represent both the self and
the mother whereas Westerners use the MPFC
to represent exclusively the self. Zhu et al.’s (2007)
work contrasts with Heatherton et al.’s (2006)
observation that MPFC activity failed to differ-
entiate between the self and a close other (i.e., the
best friend) in North Americans. However, as
there has been no research that compared Chinese
self and the best friend, it is unknown whether
the neural structure of the Chinese self extends to
the degree to include other close persons besides
mother.

Cultural values differ between two cultural
groups as well as among individuals in a specific
cultural group. For example, in one cultural
group, some individuals show greater extent of
adherence to individualism and independent self
whereas others show greater extent of adherence
to collectivism and interdependent self (Chiu
and Hong, 2006). Can the magnitude of neural
activity in the brain area related to self-referential

processing predict individuals’ difference in self-
construal styles? Chiao et al. (2009) recently
scanned Caucasian Americans and Japanese in
tasks requiring judgments of general trait descrip-
tions or contextual self descriptions. Moreover,
they assessed individuals’ degree of endorsement
of independent and interdependent self-construals
using Self-Construal Scale (Singelis, 1994). While
Chiao et al. did not observe significant interaction
between cultural groups and different judgment
tasks in modulation of MPFC activity, they found
positive correlation between MPFC activity
differentiating contextual and general trait judg-
ments and the degree of interdependent
self-construal style. The results provide further
evidence for the influence of cultural values
on individuals’ neural substrates underlying self-
reflective thinking.

While these neuroimaging studies suggest that
Western/East Asian cultures result in variation
of the contents of the self and the underlying
neural activity, other cultural beliefs may strongly
modulate the way of thinking of the self. For
example, Christianity advocates denial of self
or self-transcendence in order to highlight
human contingency and dependence on God
(Burns, 2003; Ching, 1984). Moreover, Christian-
ity emphasizes judgment of the self from God’s
perspective rather than from one’s own perspec-
tive. Since the VMPFC plays a key role in coding
self-relatedness of stimuli (Moran et al., 2006;
Northoff et al., 2006), Han et al. (2008) predicted
that Christian beliefs weaken the process of
coding self-relatedness of stimuli and thus
induce decreased activity in VMPFC. In addition,
taking others’ perspective during self-judgment
may activate the brain area that is involved in
theory-of-mind such as DMPFC. To test these
hypotheses, Han et al. (2008) scanned both
Chinese nonreligious and Christian subjects in
trait judgment tasks associated with self and
others. The Christian subjects had been attached
to the local faith communities for 1–7 years when
participated in the study. While the fMRI results
from nonreligious subjects replicated previous
findings by showing increased activation in
VMPFC during self-judgment relative to other-
judgment, a different pattern of the brain imaging
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results was observed in Christian subjects. Both
ROI and random effect analyses did not show
significant activation in the VMPFC when Chris-
tian subjects made judgment regarding the self as
compared to others. However, there was evidence
that the DMPFC activity increased when Chris-
tian subjects made trait judgment about the self
relative to others. Using bootstrap analysis, Han
et al. demonstrated that the distinct pattern of
MPFC activity in association with trait judgment
of the self (i.e., decreased activity in the VMPFC
but increased activity in the DMPFC) can be used
to classify the two subject groups well. Since the
VMPFC and DMPFC are, respectively, involved
in the representation of stimulus self-relevance
and the evaluation of self-referential stimuli
(Northoff et al., 2006), the findings suggest that
adopting Christian beliefs may result in weakened
neural encoding of stimulus self-relatedness but
may enhance neural activity in areas that mediate
the evaluative process applied to self-referential
stimuli.

Cultural difference in neurocognitive processing
of self-recognition: implicit and automatic
processing of the self

Another important aspect of self-processing is
self-face recognition, that is, to recognize oneself
in a mirror, which has been proposed to reflect
the ability to become the object of one’s own
attention (Gallup, 1970) and to be an indicator of
high-level self-awareness (Keenan et al., 2000).
A number of neuroimaging studies have investi-
gated the cortical underpinnings of self-recogni-
tion by comparing neural activity in association
with one’s own face and faces of other individuals.
The accumulating evidence suggests that a dis-
tributed network consisting of the fusiform gyrus,
middle and inferior frontal gyrus, and precuneus
is involved in self-face recognition when com-
pared with recognition of faces of other indivi-
duals (Platek et al., 2008). While both Westerners
and East Asians were recruited in the previous
research of self-recognition, there has been no
research exploring potential cultural difference in
neural mechanism underlying self-recognition.
However, given the Western/East Asian cultural

difference in self-construal styles (Markus and
Kitayama, 1991) and the consequent cultural
modulation of neural substrates of self-referential
processing (Zhu et al., 2007; Chiao et al., 2009),
one would expect similar cultural influence on the
neural mechanisms of self-recognition. Specifi-
cally, the Western independent self may assign
greater social salience or positive association
with one’s own face than to others’ faces
(Ma and Han, in press), which in turn results in
stronger attention to one’s own face when
presented among others’ faces and induce deeper
processing of the own-face. In contrast, as the
East Asian interdependent self emphasizes
social connections between the self and others,
enhanced processing of one’s own face may not
be as strong as that in Westerners.

To test this hypothesis, we (Sui et al., 2009)
recently recorded event-related potentials from
British and Chinese subjects while they judged
head orientations of their own face or a familiar
face in visual displays. We first observed faster
responses to one’s own face relative to the
familiar face in both cultural groups. However,
the self-advantage in behavioral performances
was greater for British than for Chinese subjects,
suggesting that the own-face captures attention
to a larger degree in the British than in Chinese.
More interestingly, the pattern of the ERP results
showed a reverse pattern in the two cultural
groups. We found that one’s own face elicited
a larger negative activity at 280–340ms over the
frontal–central area (N2) relative to the familiar
face in the British. In contrast, the Chinese
showed weakened self-advantage in behavioral
responses and reduced anterior N2 amplitude
to the own-face compared with the familiar face.
The frontal–central N2 component is sensitive
to perceptual salience of stimuli (Folstein and
Petten, 2008). The N2 is also involved in
differentiation between different facial expres-
sions (Kubota and Ito, 2007) and between faces
of different races (Ito and Urland, 2003), suggest-
ing that the N2 is associated with deeper
processing of faces to benefit individuating.
Thus, the reverse pattern of the N2 results in the
cultural groups suggests that the independent self-
construals endow the own-face with higher social
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significance relative to familiar faces whereas the
interdependent self-construals may assign higher
salience to familiar faces.

To further explore the potential cause–effect
relation between self-construals and self-recogni-
tion, we (Sui and Han, 2007) scanned Chinese
subjects while they performed an implicit face
recognition task that required judgments of orien-
tations of one’ own face or a familiar face. The
contrast between the two judgment tasks revealed
the effect of implicit recognition of the own face.
However, subjects were primed before the face
recognition task with either independent or inter-
dependent construals (Gardner et al., 1999) by
marking independent (e.g., I, mine) or interdepen-
dent (e.g., we, ours) pronouns in an essay. We
found that the neural activity in the right middle
frontal cortex increased to the self-face than
familiar faces. In addition, the right frontal activity
differentiating between the self and familiar
faces was enlarged by the independent relative
to interdependent self-construal priming. The
increased right frontal activity was associated with
faster responses to self than familiar faces. The
findings suggest that shifts of self-construal styles
induced modulation of neural underpinnings of
self-face recognition that is supposed to reflect self-
awareness and thus provide preliminary evidence
for the interplay between self-construals and the
neural substrates underlying self-face recognition.
The findings support the view that the influence of
cultural differences on self-concept may extend
beyond the processing of personal trait and modify
the neural mechanism underlying the processing
of the physical self (e.g., face). As mentioned
above, the CMS plays a pivotal role in self-
processing. A challenge for future research is to
uncover the way the neural activity in the CMS
interacts with the activity in other cortical areas in
a specific sociocultural context and thus results in
cultural specific neural underpinnings of cognitive
processes.

Conclusion

Recent neuroimaging studies have shown strong
evidence that humans evolve neural mechanisms

mediating self-related processing that encode
the strength of stimulus’s relation to the self
and to environmental contexts. In addition, as the
strength of the self-stimulus relation emerges
gradually through learning during development,
the neural substrates underlying self-referential
processing are strongly influenced by socio-
cultural contexts. Culture-specific neural mechan-
isms afford unique self-concepts or self-construal
styles that help individuals to adapt to the
accompanying cultural and social environments
so that individuals can function efficiently during
social interactions. The transcultural neuroima-
ging findings of culturally distinct neural repre-
sentations of the self help to understand the
nature of self-construals and the social signifi-
cance of self-related stimuli and their implicit and
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