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A fascinating mystery facing human beings 
is how the brain gives rise to the mind. 
Scientists from various fields are trying to 
answer this question in different ways and 
with different viewpoints. On the one hand, 
neuroscientists focus on finding the funda-
mental neurophysiological mechanisms of 
human cognition, which are often implicitly 
assumed to be universal. On the other hand, 
cross-cultural psychological research has 
documented extensive cultural disparity in 
human cognition, thought and behaviour1–10 
(BOX	1). In this Perspective, we show how the 
relatively novel approach of transcultural 
neuroimaging can bridge the gap between 
neuroscientific investigations of supposedly 
culture-invariant neural mechanisms and 
psychological evidence of culture-sensitive 
cognition.

O p I N I O N

Culture‑sensitive neural substrates 
of human cognition: a transcultural 
neuroimaging approach
Shihui Han and Georg Northoff

Abstract | Our brains and minds are shaped by our experiences, which mainly 
occur in the context of the culture in which we develop and live. Although 
psychologists have provided abundant evidence for diversity of human cognition 
and behaviour across cultures, the question of whether the neural correlates of 
human cognition are also culture‑dependent is often not considered by 
neuroscientists. However, recent transcultural neuroimaging studies have 
demonstrated that one’s cultural background can influence the neural activity 
that underlies both high‑ and low‑level cognitive functions. The findings provide 
a novel approach by which to distinguish culture‑sensitive from culture‑invariant 
neural mechanisms of human cognition.

One way in which psychologists define 
culture is by examining the facets of which 
it consists8. For example, a ‘social culture’ is 
defined by its shared rules of social behav-
iours and social institutions. Shared ideas 
and knowledge, such as beliefs and values, 
in a human group constitute ‘subjective 
culture’. Previous cross-cultural psychologi-
cal research assessed cultural differences in 
human cognition mainly by comparing the 
behavioural performances of Westerners 
(Europeans and Americans) and East Asians 
(Chinese, Japanese and Koreans) (BOX	1). 
Although there is of course no such thing 
as a homogeneous ‘Western’ or ‘East Asian’ 
culture, Western and East Asian societies 
differ in many aspects and thus provide 
good samples for psychologists to investigate 
cultural differences in human cognition.
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to salient objects than to contextual back-
ground, whereas East Asians seem to attend 
more to relations and contexts than to 
salient objects24–27. For instance, Americans 
have been found to be better at detecting 
changes in salient objects, whereas Japanese 
individuals were better at finding changes in 
contexts27,28. Consistent with this, Americans 
made fewer mistakes when judging the ori-
entation of a rod placed inside a frame (East 
Asians were more likely to be influenced by 
the position of the surrounding frame)24, 
whereas East Asians could more accurately 
estimate the relative length of a line within a 
contextual frame26.

to assess cultural influences on the 
neural substrates of perceptual and 
attentional processes, blood-oxygen-level-
dependent (BOlD) signals were measured 
using fmRI in American and Chinese 
participants16. the participants were asked 
to rate how pleasant they found various 
presentations: target objects shown on a 
white background, background scenes with 
no discernable target object, and distinct 
target objects shown against a meaningful 
background. During the object-only task, 
Americans showed greater activation in 
the bilateral middle temporal gyrus, the 
left superior parietal/angular gyrus and 
the right superior temporal/supramarginal 
gyrus than the Chinese participants. the 

cultural differences were less pronounced 
in the background-processing task, with 
American participants showing greater 
activation in only the left superior occipital 
cortex (Chinese participants did not 
show significantly greater activation than 
Americans in any brain areas). these results 
suggest that there might be cultural dif-
ferences in the way that brain regions are 
engaged during object processing, as brain 
areas such as the middle temporal cortex are 
engaged in the retrieval of semantic knowl-
edge during object perception29. this idea 
was further tested in a study that assessed 
BOlD-response adaptation (that is,  
the reduction of the BOlD response after 
repeated exposure to the same stimulus) 
in brain areas involved in object and 
background processing in individuals from 
the united States and Singapore30. In both 
cultural groups, the perception of objects 
that were placed within background scenes 
produced adaptation responses bilater-
ally in the lateral occipital cortex and the 
parahippocampal gyrus, which are linked, 
respectively, to object and background 
processing. However, the adaptation 
responses in the lateral occipital areas were 
stronger in the Westerners than in the East 
Asians, although this cultural difference 
was evident only in elderly subjects. this 
suggests that culture-specific experiences 

What are the roots of transcultural 
neuroimaging research? two decades 
ago, cognitive-neuroscience research that 
focused mainly on the neural underpinnings 
of perception, attention, memory, language 
and emotion did not compare, probably for 
practical reasons, different cultural groups. 
In the early 1990s, cognitive-neuroscience 
research extended into the field of social 
cognition, targeting the neural correlates of 
interpersonal and social behaviours. this 
led to the birth of ‘social neuroscience’ or 
‘social cognitive neuroscience’ around the 
turn of the twenty-first century11–15 (BOX	2). 
this new field combines mainly cogni-
tive neuroscience and social psychology. 
As cross-cultural psychology has offered 
accumulating evidence that social cognition 
and social behaviour depend greatly on the 
sociocultural context, social neuroscientists 
are now beginning to consider cultural 
effects on the neural substrates of human 
cognition. using neuroimaging techniques 
such as functional mRI (fmRI) and event-
related brain potentials (ERPs), researchers 
have measured neural activity in individuals 
from different cultural groups who were 
performing the same cognitive tasks16–19, 
or in individuals from one cultural group 
after they had been primed with different 
cultural knowledge20,21 (BOX	3). the meaning 
of ‘cultural differences’ could be extended to 
include not only groups with different social 
contexts and languages17,18, but also groups 
with different religious beliefs22.

In this Perspective we discuss the accu-
mulating evidence that culture influences 
the neural mechanisms that underlie both 
low-level perceptual and attentional  
processes and high-level social cognition. 
After reviewing current transcultural neuro-
imaging studies, we distinguish between the 
modulatory and constitutional impacts that 
culture might have on the neural substrates 
of human cognition. We also discuss the 
implications of these findings and point 
out relevant issues for future transcultural 
neuroimaging investigations.

Cultural effects on cognition
Perceptual processing. It is sometimes 
assumed that perceptual and attentional 
mechanisms that have been uncovered in 
individuals from one cultural group can 
be applied to people from other cultural 
groups. However, cross-cultural research has 
presented evidence for differences in per-
ceptual and attentional processing between 
European Americans (who are Westerners)  
and East Asians6,23. Specifically, Westerners 
seem to be inclined to pay more attention  

 Box 1 | Cultural diversity of human cognition

By comparing cognitive functions in people from Western (European and American) and East 
Asian (Chinese, Japanese, Korean, et cetera) cultures, the ‘culture-and-cognition’ approach104 
demonstrates that different sociocultural systems give rise to dissimilar thought styles. Westerners 
generally think in an analytical way, whereas East Asians generally think in a more holistic 
manner5,7. For instance, during a perception task, Americans were better at detecting changes in 
salient objects than East Asians, and were less affected by contextual information24,26,27.

Cultural differences are also evident in social cognition. In a game that involved two individuals 
interacting, Chinese participants were more in tune with their partner’s perspective than 
Americans105. Furthermore, Chinese people were more likely to describe memories of social and 
historical events and focused more on social interactions, whereas European Americans more 
frequently focused on memories of personal experiences and emphasized their personal roles in 
events106. Westerners were better at remembering trait words that they associated with 
themselves than they were at remembering words that they associated with people close to 
them84,107, whereas Chinese people remembered both equally well108. Americans tended to explain 
behaviours in terms of peoples’ dispositions (for example, a person’s gender and education), 
whereas East Asians showed a preference for attributing behaviour to situational factors (for 
example, environmental events)9,109 and were more likely to use situational information to predict 
other people’s behaviour110. Chinese people endorsed contextual explanations of physical events 
(for example, friction influencing the movement of an object) more often than Americans, who 
were more likely to attribute physical events to dispositional factors (for example, an object’s 
weight or composition)111. 

Culture also influences category-based classification of objects: Chinese people organized 
objects in a more relational (for example, to group a monkey and a banana together because 
monkeys eat bananas) and less categorical (for example, to group a monkey and a panda together 
because both are animals) way than European Americans7,112. Taken together, these findings 
provide evidence for the diversity of multiple-level cognitive processes across cultures and the 
dependence of human cognition on sociocultural contexts.
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of object-focused visual processing play a 
fundamental part in modulating perceptual 
processes in the visual cortex and might 
interact with the effect of age.

Is perceptual processing also affected 
by the way in which people from different 
cultures view themselves in relation to their 
social contexts? Self construal, which is the 
way in which one understands and explains 
oneself, plays a key part in social behaviour 
and is thought to differ between  
Westerners and East Asians. the Western 
‘self ’ seems to be characterized by an 
independent style that stresses self-focused 
attention over attention to others, whereas 
the East Asian self seems to be character-
ized by an interdependent style that empha-
sizes the fundamental connections between 
people in social contexts2,3. Does this cul-
tural difference in self construals contribute 
to the cultural differences in perceptual 
processing? to investigate this, a recent 
study31 used a self-construal priming proce-
dure that is assumed to shift self construals 
towards either an independent- or an inter-
dependent-self style32. Specifically, Chinese 
participants were primed with independent 
or interdependent self construals by read-
ing essays that contained either the inde-
pendent pronoun ‘I’ or the interdependent 
pronoun ‘we’. the participants were subse-
quently presented with compound stimuli 
(that is, large letters composed of small 
letters33) and had to discriminate the global 
or local properties of the stimuli (that is, 
they had to identify the large or the small 
letters, respectively) while their reaction 
times were recorded. the authors found 
that interdependent-self priming resulted 
in faster responses to the global than to 
the local targets in compound letters, 

whereas a reverse pattern occurred after 
independent-self priming31. moreover, a 
recent ERP study21 found that priming with 
independent self construals resulted in an 
enlarged ERP component (P1) in response 
to local relative to global targets. the P1 
peaked at ~100 ms after the stimulus onset 
and had maximum amplitudes over the 
bilateral visual cortex, indicating that it 
could have arisen in the extrastriate visual 
cortex34,35. By contrast, a reverse pattern 
(that is, a larger P1 amplitude in response 
to global versus local targets) was observed 
after interdependent self-construal prim-
ing. these findings suggest that shifting 
culture-specific self construals might lead 
to changes of visual perceptual processing 
in the extrastriate cortex.

Attentional modulation. Cultural dif-
ferences have also been reported in the 
attentional network, including in parietal 
and frontal brain areas. One study19 used 
a perceptual judgement task in which 
attentional control was manipulated using 
perceptual stimuli. In this task, participants 
were asked to judge whether the length 
of a vertical line inside a box matched the 
length of a previously shown line regardless 
of the size of the box (a context- 
independent judgement task that 
Westerners would be expected to perform 
better than East Asians), or whether the 
box–line combination of each stimulus 
matched the proportional scaling of 
the preceding combination (a context-
dependent judgement task favoured by 
East Asians)26. East Asians showed higher 
prefrontal and parietal activity during 
context-independent judgements, whereas 
Americans showed higher activity in 

context-dependent judgements (FIG.	1). this 
suggests that people from both cultures 
used their attentional network in this task, 
but that cultural experience affected the 
magnitude of the neural activity: fewer 
neural resources were recruited to sup-
port attentional modulation in culturally 
preferred tasks than in non-preferred tasks; 
this might be similar to the reduced neural 
activation that arises from task fluency or 
practice36.

Language and music. Although some of 
the brain areas that are activated during 
language processing, such as the left superior 
posterior temporal gyrus and the inferior 
frontal gyrus, are similar for different 
languages (for example, Chinese, English 
and Japanese)37, a number of brain areas 
are language-specific. For instance, when 
native English speakers read English words 
the superior temporal gyrus is activated37, 
whereas when native Chinese speakers read 
Chinese characters the dorsal extent of the 
inferior parietal lobe is activated38. Rather 
than being an effect of culture in a broad 
sense, this finding might reflect a  
basic difference between non-phonetic 
and phonetic written languages: alphabetic 
words, such as English words, can be read 
by assembling fine-grained phonemic units, 
whereas written Chinese characters consist 
of intricate strokes and map onto phonology 
at the mono-syllable level38. Interestingly, 
the differences in the neural correlates of 
language processing might extend to the 
processing of non-words. A positron- 
emission tomography (PEt) study of  
English and Italian students showed that,  
in English readers, reading non-words 
induced greatest activation (relative to a 
resting state) in the left posterior inferior 
temporal region and in the inferior frontal 
gyrus. By contrast, reading non-words 
generated greatest activation (relative to 
the resting state) in the left temporoparietal 
junction (tPJ) in Italian readers39. these dif-
ferences probably reflect fundamental differ-
ences between the two languages rather than 
effects of the Italian and English cultures 
per se on language processing.

the finding that there are language-
specific neural underpinnings of language 
processing in healthy participants implies 
that the neural correlates of language-
processing deficits might also differ 
between individuals from different cultural 
groups that speak different languages. 
Indeed, it has been shown that dyslexia, 
which is a reading problem in people 
of normal intelligence and schooling, is 

 Box 2 | Social neuroscience

The relatively new field of social neuroscience is the product of the integration of neuroscience 
(particularly neuroimaging), cognitive science and social sciences (particularly social psychology), 
and it allows one to investigate the complex and dynamic representation of social interaction in 
the brain’s neural states. The field aims to uncover the neural underpinnings of social processes, 
such as mental attribution, empathy and moral judgement.

Social neuroscience is inherently cross-disciplinary. For instance, to examine how empathy for 
pain that someone else is experiencing is modulated by the affective link between individuals, a 
functional MRI study measured neural responses to perceived pain in confederates who played 
fairly or unfairly in a game113. The authors found that activity in the insular cortex and in the 
anterior cingulate cortex (ACC) was lower in males when they observed an unfair player receiving 
pain than when they saw a fair player receiving pain. By contrast, activation in reward-related 
areas (for example, the nucleus accumbens) was higher in response to pain stimulation applied to 
the unfair player. Another study assessed whether social exclusion induces ‘painful’ affective 
responses (as painful physical stimulation does)114. Subjects showed higher ACC activity during a 
virtual ball-tossing game in which they were ultimately excluded from the game than they showed 
when they remained included. These studies provide excellent examples of how neuroimaging 
can be used to estimate the neural underpinnings of complex social interactions.
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associated with dysfunction of the left 
temporoparietal cortex and the left inferior 
frontal gyrus in English monolinguals40,41 
but with dysfunction of the left middle 
frontal gyrus in Chinese monolinguals42. 
In addition, relative to healthy controls, 
English dyslexic children exhibited reduced 
grey-matter volume in the left parietal 
region43, whereas Chinese children with 
reading problems exhibited reduced grey-
matter volume in the left middle frontal 
gyrus44. these results suggest that abnor-
malities in both functional and anatomical 
structures of language processing might be 
language-dependent.

music processing also shows culture-
specific features. the neural substrates of 
cross-cultural music comprehension have 
been investigated by scanning American45 
and german46 musicians while they listened 
to Western and Chinese music. Both studies 
found greater lateral frontal activity associ-
ated with listening to culturally familiar 
versus culturally unfamiliar music. In addi-
tion, one study reported greater activation 
of the precentral gyrus and supplementary 
motor area in response to Western music46, 
suggesting that culturally familiar music 
might be represented in both sensory and 
motor areas. However, culturally unfamiliar 
music led to enhanced activity in the right 
angular gyrus and the middle frontal 
gyrus, possibly because the processing of 
unfamiliar music requires higher attentional 
demands and higher loads on basic auditory 
processing46.

A transcultural ERP study investigated 
whether music experts from different 
cultures differ in their neural activation in 
response to culturally familiar and unfa-
miliar music processes47. Recording ERPs 
from german musicians and Chinese musi-
cians who studied in germany, the authors 
measured their response to the perception 
of short melodic excerpts that were clearly 
structured into two phrases divided by either 
a pause (phrased music) or by several notes 
(unphrased music). they found significant 
parietal positive activity between 450 and 
600 ms after the pause offset for the phrased 
compared with the unphrased music 
regardless of the music’s style (Chinese 
or Western) and the subjects’ cultural 
background. However, in an earlier time 
window (100–450 ms), there was a double 
dissociation in parietal activity: positive 
activity between phrased and unphrased 
music was greater for alien than for familiar 
melodies, and this effect was stronger in 
german musicians than in Chinese musi-
cians. Both groups of musicians underwent 

the same formal training in Western music, 
consistent with the lack of difference 
between the groups in terms of their neural 
activity during the processing of Western 
music. However, the Chinese musicians 
had received more exposure to traditional 
Chinese music than the german musicians. 
thus, the ERP results might suggest that a 
person’s experience with a specific culture 
influences the early stage of their music 
processing, as indexed by the modulation of 
the early ERP component.

Number representation and mental calcula-
tion. Arabic numbers are used by various 
cultural groups for number representation 
and arithmetic processing. However, the 
neural mechanisms that underlie mental 
calculation in these cultures might be dif-
ferent48. A recent fmRI study tested this 
possibility by scanning Chinese people and 
English-speaking Westerners, all living in 
China, during number-representation and 
mental-calculation tasks17. In Westerners, 
judging the orientation of Arabic numeral 
stimuli generated greater activation in the 
left supplemental motor area, Broca’s area 
and Wernicke’s area (relative to judging 
the orientation of non-numerical stimuli). 
By contrast, Chinese participants showed 
greater activation in the left premotor 
association area, including Brodmann areas 
6, 8 and 9. In addition, Chinese participants 
showed greater activation in premotor areas 
during number-addition and number-
comparison tasks than during the number-
orientation task, whereas Westerners showed 
increasing activation in the perisylvian area 

as the task’s arithmetic load increased. the 
lower activation of the left supplemental 
motor area in Chinese participants relative 
to Western participants might reflect faster 
number processing in Chinese people, pos-
sibly because the brevity of the Chinese lan-
guage with respect to numbers might allow 
for a larger short-term memory49. By con-
trast, English-speaking Westerners activated 
the language system (Broca’s and Wernicke’s 
areas) during mental calculation. this work 
demonstrates that different language systems 
might shape the neurocognitive processes 
of primarily non-language-related functions 
like mental calculation.

Cultural effects on social cognition
Emotional processes. Behavioural research 
has shown evidence for cultural influences 
on emotion processing. For example, both 
Chinese and Australian children recognised 
emotions on the faces of people of their own 
cultural group more accurately than on those 
of people from another cultural group50. 
these findings support an in-group advan-
tage in emotion recognition51. However, 
whether culture affects the neural mecha-
nisms that underlie emotion processing 
remains unknown. In a recent fmRI study, 
native Japanese participants in Japan and 
Caucasians in the united States were shown 
photos of Japanese and Caucasian faces 
expressing fear or non-fearful (for example, 
angry, happy or neutral) emotions52. Fearful 
faces from the participants’ own cultural 
group induced greater activation in the left 
and right amygdala than fearful faces from 
the other culture. Interestingly, this ‘cultural 

 Box 3 | Methodological issues in transcultural neuroimaging studies

Most current transcultural neuroimaging studies have compared people from Western and East 
Asian cultures. People from North American and European countries are considered to be 
Western, whereas people from China, Japan or Korea are considered to be East Asian. This raises 
problems regarding the homogeneity of cultural groups, because there might be country-specific 
aspects to cultures even within a broad cultural group. The problems become even more 
significant when considering factors like education and aging that might also interact with the 
neural substrates of culture-dependent cognitive differences69,74,115.

Current transcultural neuroimaging research usually uses one functional MRI (fMRI) scanner for 
the two cultural groups, to avoid data contamination by differences in the scanner magnet. Future 
research might use two different scanners (of the same make and type) to image cultural groups in 
their own social context, provided that the scanning environment is otherwise identical. 
Researchers should also take into account possible effects of culture during data analysis. For 
example, analyses of fMRI data such as spatial normalization should consider possible differences 
in brain size and shape in people from different cultures116, particularly in cross-group 
comparisons.

Comparing neuroimaging results from two cultural groups can identify effects of ‘culture’ on the 
neural substrates of specific cognitive functions. However, as any two cultures differ in many 
aspects, it cannot attribute the neural differences to specific aspects of the cultures (for example, 
self construal). Recent research20,21 has tried to use psychological-priming procedures that might 
activate specific cultural knowledge in individuals in one cultural group to clarify the contribution 
of a specific aspect of a culture to culture-specific neural mechanisms of cognitive processes. 
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tuning’ of automatic neural responses was 
evident only for fearful faces, suggesting 
that people have heightened arousal to, or 
vigilance for, fear expressed by members of 
one’s own cultural group.

Mental attribution. One of the fundamental 
social abilities of humans is the ability to 
attribute mental states (for example, inten-
tions, desires and beliefs) to others in order 
to interpret and predict their behaviours53–55. 
the neural basis of this ability, which is 
referred to as ‘theory of mind’ (tom) or 
‘mentalizing’, has been scrutinized by 
neuroimaging studies since the 1990s56–61. 
Accumulating evidence suggests that a 
neural circuit consisting of the dorsal medial 
prefrontal cortex (DmPFC)56,62–64, the tem-
poral pole62,63 and the tPJ65–67 has a key role 
in mentalizing68. most of these neuroimag-
ing studies were performed in Westerners. 
to investigate whether the neural bases 
of mentalizing are influenced by people’s 
cultural background, American-English-
speaking monolingual adults and Japanese-
English bilingual adults were scanned during 

a tom task that involved second-order 
false-belief stories in the form ‘x thinks that 
y thinks that…’ (ReF.	69). Relative to judge-
ments of event outcomes that were based on 
an understanding of physical–causal reason-
ing, judgements about others’ mental states 
resulted in increased activation in the right 
DmPFC, the right anterior cingulate cortex 
(ACC), the right middle frontal gyrus and 
the dorsal lateral prefrontal cortex in both 
cultural groups. However, a direct compari-
son of the groups showed that judgements 
of mental states produced greater activation 
in the right insula, the bilateral tPJ and the 
right DmPFC in monolingual Americans 
than in bilingual Japanese participants, 
who showed greater brain activity than 
the Americans in their right orbital frontal 
gyrus. these brain areas have been suggested 
to subserve distinct functions. For example, 
the insular cortex has been suggested to 
mediate the connection between the limbic 
system and frontal regions of the brain70 and 
to be involved in the processing of emotion-
laden face stimuli71. the tPJ might have a 
role in integrating sensory modalities and 

limbic inputs72, and the orbitofrontal gyrus 
is involved in emotional mentalizing tasks73. 
thus, it seems that attributing mental states 
to other people might require the integration 
of sensory modalities and limbic inputs 
more for people who grew up in American 
culture than for people who grew up in 
Japanese culture, whereas growing up  
in Japanese culture might result in a par-
ticular mental-attribution style that involves 
‘feeling’ others’ emotions.

the same research group also compared 
cultural and linguistic effects on the neural 
bases of tom in American-English-speaking  
monolingual children and Japanese bilingual 
children aged between 8 and 11 years old74. 
A few brain regions, such as the DmPFC 
and the precuneus, were recruited in 
cartoon-based or word-based tom tasks by 
both cultural/linguistic groups. However, 
the word-based tom task generated greater 
activity in the left superior temporal sulcus 
in American than in Japanese children, 
whereas greater activity was identified in 
the left inferior temporal gyrus in Japanese 
than in American children. In addition, 
stronger activation in the right tPJ in the 
cartoon-based tom task was observed in 
American than in Japanese children. this 
could be interpreted as being evidence for a 
weakened self–other distinction in Japanese 
culture, because the ability to distinguish 
self from others engages the right tPJ75,76 
and East Asian cultures encourage the use 
of collectivistic group thinking more than 
individualistic self thinking to account for 
human social behaviours7,77. In the cartoon-
based tom task, Japanese children showed 
higher activation in the left anterior superior 
temporal sulcus and temporal pole than 
American children. Because the temporal 
pole has been suggested to integrate sensory 
information and limbic inputs72 and to 
connect past experiences with material that 
is currently being processed60, the authors 
suggested that Japanese children had to inte-
grate sensory and limbic inputs more than 
American children in the cartoon-based 
tom task. Interestingly, the studies discussed 
above indicate that cultural differences in 
tom-related neural activity are not the 
same in adults and children, suggesting that 
although children might acquire the tom 
ability by the age of 4 to 6 years60,78,79, accul-
turation still shapes the underlying neural 
substrates during later development.

Self representation and self awareness. 
given the cultural difference in self con-
struals that have been identified by social 
psychologists (for example, the independent 

Figure 1 | cultural modulation of the neural activity of the attentional network. a | In one 
study19, participants had to judge whether the length of a vertical line inside a box matched the length 
of a previously shown line regardless of the size of the box (a context‑independent (absolute) judge‑
ment task), or whether the box–line combination of each stimulus matched the proportional scaling 
of the preceding combination (a context‑dependent (relative) judgement task). b | Frontoparietal 
activation associated with judgement tasks in Americans and East Asians. The frontoparietal activity 
was greater in East Asians (red bars) than in Americans (yellow bars) in the context‑independent (abso‑
lute) judgement, whereas a reverse pattern was observed in the context‑dependent (relative)  
judgement task. Figure reproduced, with permission, from ReF.	19  (2008) Blackwell Publishing.
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self in Western cultures and the inter-
dependent self in East Asian cultures)2,3,80, 
a recent transcultural neuroimaging study18 
assessed possible cultural modulation  
of the neural representation of the self 
using the self-referential task81. During 
this task, subjects have to keep one person 
(either themselves or someone else) in 
mind and judge whether a trait adjective 
(for example, brave or childish) shown 
on a screen describes that person. the 
trait-judgement task is usually followed by 
a memory-retrieval task in which subjects 
are presented with a list of adjectives and 
asked to identify whether they have been 
presented before. using this paradigm, a 
number of studies performed in Westerners 
consistently showed that self-trait judge-
ment induced increased activity in the 
ventral medial prefrontal cortex (vmPFC) 
and in the perigenual ACC, relative to 
judgements of either famous people or 
otherwise familiar people82–88. In addition, 
vmPFC activity was concomitant with 
better memory of descriptive traits for the 
self than for others18,85 and with subjective 
ratings of the number of thoughts about 
the self 89, suggesting a possible role for the 
vmPFC in coding the self-relatedness of 
stimuli90,91. vmPFC activation linked to self 
representation was also observed in Chinese 
participants in the self-referential task18,22,92. 
to assess whether East Asians (who have 
an interdependent-self style) also use the 
vmPFC to represent others who are close 
to them (for example, family members), 
both English-speaking Westerners and 
monolingual Chinese subjects in China 
were scanned in a study18 that included trait 
judgement of a close other (the participants’ 
mothers) as well as trait judgement of the 
self and of a famous person. Whereas self 
judgement was associated with increased 
activity in the vmPFC and in the peri-
genual ACC in both Chinese and Western 
participants, mother judgement generated 
increased vmPFC activation only in the 
Chinese participants (FIG.	2a). this sug-
gests that in Chinese people both the self 
and one’s mother are to be represented in 
the vmPFC, whereas in Westerners the 
vmPFC represents only the self. this might 
provide a neural basis for the different self 
construals across Western and East Asian 
cultures2,3,80.

Culturally distinct neural representa-
tions of the self have also been identified in 
cultural groups that were defined by religious 
belief 22. Although some people view belief 
and religion as the foundation of a culture, in 
this article we consider (subjective) culture 

as the larger concept that can be expressed 
in, among other things, religion. Christianity 
strongly encourages its believers to surrender 
to god and to view themselves from god’s 
perspective93–95. It could be hypothesized that 
denying one’s self in this way might weaken 
the vmPFC-mediated encoding of stimuli 
as self-relevant, whereas emphasizing the 
evaluation of self-referential stimuli from 
god’s perspective might recruit the DmPFC, 
activity in which underpins tom ability56,62–64. 

to test the possible effects of religious belief 
on the neural activity that is associated with 
self-referential processing, both non-religious 
and Christian Chinese participants were 
scanned while they performed the self- 
referential task22. Self-trait judgement 
induced increased vmPFC activity in non-
religious participants but led to increased 
DmPFC activity in Christian participants 
(FIG.	2b). moreover, the DmPFC activity posi-
tively correlated with the extent to which the 

Figure 2 | cultural influence on the neural substrates of self representation and self awareness. 
a | In one study18, both Chinese people and Westerners conducted trait judgements of themselves, of 
their mother and of a famous person (an ‘other’). The ventral medial prefrontal cortex (VMPFC) and the 
perigenual ACC (indicated by circles in the scans) showed greater activation in association with self 
judgement than in association with other judgement in participants from both cultural groups. 
However, blood‑oxygen‑level‑dependent (BOLD) signal changes in the VMPFC did not differentiate 
between self and mother judgements in Chinese participants but did differentiate between them in 
American participants (American participants’ signals were greater for self judgement). b | In another 
study22, both Christian and non‑religious participants conducted trait judgements of themselves and 
a of public person. Christian participants showed higher activation in the dorsal medial prefrontal 
cortex (DMPFC) for self judgement than for other judgement; non‑religious participants showed 
higher VMPFC activation for self judgement than for other judgement. c | In a third study20, Chinese 
participants identified the orientation of their own face and the orientations of other, familiar faces in 
photos after self‑construal priming. The scan shows that independent‑self‑construal priming increased 
the difference in right frontal cortex activity in response to judging self and familiar faces; the graphs 
show that BOLD signals differentiated self (red line) and familiar (blue line) faces after independent‑
self‑construal priming (left graph) but did not differ significantly between self and familiar faces after 
interdependent‑self‑construal priming (right graph). Part a reproduced, with permission, from ReF.	18 
 (2007) Academic Press. Part b reproduced, with permission, from ReF.	22  (2008) Psychology Press. 
Part c reproduced, with permission, from ReF.	20  (2007) Blackwell Publishing.
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participants rated the importance of Jesus’ 
opinion in the subjective evaluation of other 
people’s personalities. Because the vmPFC 
and the DmPFC are thought to be engaged in 
the representation of stimulus self-relevance 
(that is, the degree to which a stimulus 
applies to the self) and the evaluation of self-
referential stimuli (that is, the assessment, 
reappraisal and explicit reasoning of self-
related stimuli)90,91, respectively, the findings 
suggest that adopting or growing up with 
Christian beliefs might result in weakened 
neural encoding of stimulus self-relatedness 
but might enhance neural activity in areas 
that mediate the evaluative process that is 
applied to self-referential stimuli.

the neural substrates of self-awareness 
— the mental state of understanding that 
one exists as an individual who is separate 
from others and who has private thoughts 
— are thought to include the right frontal 
cortex both in Westerners96–98 and in East 
Asians99,100, as indicated by the increased 
activity in this area that results from look-
ing at pictures of one’s own face (relative 
to pictures of others’ faces). Although no 
transcultural neuroimaging research of self-
face recognition has been reported, seeing 
a picture of one’s own face might generate 
greater self awareness in individuals with 
an independent (that is, Western) self-style 
than in individuals with an interdependent 
(that is, East Asian) self-style. to test this 
hypothesis, Chinese subjects were scanned 
while they judged the orientation of their 
own face or those of familiar others in 
photos20. the participants had been primed 
with independent or interdependent self 
construals by reading essays that contained 
either the independent pronoun ‘I’ or the 
interdependent pronoun ‘we’. Increased 
right middle frontal activity was observed 
when the participants interpreted pictures 
of their own faces (relative to other people’s 
faces), and this activity was enlarged by 
priming with independent self construals. 
the increased right frontal activity during 
self-face judgement after independent self-
construal priming was associated with faster 
behavioural responses to one’s own face than 
to other people’s faces (FIG.	2c). these find-
ings indicate that the neural correlates of self 
awareness that is associated with self-face 
recognition can be modulated by priming 
that shifts the self towards independent or 
interdependent styles. this implies that the 
differential self awareness during self-face 
recognition in Westerners and East Asians 
might be related to their different self con-
struals, an idea that can be tested in future 
research. taken together, the findings  

provide evidence for dynamic and cul-
ture-sensitive characteristics in the neural 
mechanisms that underlie self-referential 
processing and self awareness.

Conceptual implications
Cultural influences on the neural substrates 
of human cognition. the aforementioned 
studies provide strong evidence that the 
neural mechanisms that underlie cognition 
might be shaped by a person’s sociocultural 
context. these studies showed, on the one 
hand, that there are some brain regions in 
which neural activity is the same across 
different cultures; for instance, the lateral 
occipital cortex seems to be implicated in 
object-processing tasks30 and the vmPFC 
in self-referential tasks18 in individuals from 
different cultural groups. On the other 
hand, the neural activity in some brain areas 
strongly depends on a person’s cultural 
background: for example, that of the pre-
motor cortex during mental calculation17 
and that of the vmPFC during trait judge-
ments of one’s mother18. In addition, such 
effects might be consistent with cultural 
influences on the anatomical structures that 
are engaged in specific cognitive functions. 
For example, dyslexic children exhibit 
culture-specific abnormalities of both 
function40–42 and structure43,44. thus, some 
‘effects of culture’ could be due to the use of 
culturally different task-solving strategies48 
(with concomitant strategy-dependent 
neural activation patterns), whereas others 
might be due to changes in the functional 
(that is, the level of activation) and struc-
tural (for example, grey-matter volume) 
aspects of the neural basis of human cogni-
tion. Finally, it is important to remember 
that even though the same brain region 
might be recruited by different cultural 
groups during the same cognitive task, two 
cultures might have different meanings  
for the concepts involved in a task. For 
instance, the fact that the vmPFC is 
recruited both in Westerners and in Chinese 
participants during self-trait judgement but 
is activated by mother-trait judgement in 
only Chinese participants18 demonstrates 
that this region’s neural activity depends on 
the meaning that someone attributes to a 
psychological concept like the self.

Do cultural experiences only modulate 
pre-existing and pre-established patterns of 
neural activity, or do they determine the pat-
terns? In other words, are they modulatory 
or constitutional? If two different cultural 
groups differ, for instance, in the activity 
of a particular brain region during a task 
(for example, during the attentional task19), 

one might assume that the region’s activity 
is modulated by the cultural difference. 
By contrast, if culture has a constitutional 
influence, one’s cultural background would 
determine whether a particular brain region 
is recruited during a specific task and thus 
whether that brain region is activated at all. 
Cultural differences in the meaning of a task, 
or in the meaning of the concepts used in a 
task, might result in constitutional effects of 
culture on neural activation. the frequent 
use of particular task-solving strategies by 
people from different cultures might result 
in both modulatory and constitutional 
effects of culture.

the current results indicate that some 
brain regions’ neural activities might merely 
be modulated by cultural differences, 
whereas others’ recruitment might depend 
constitutionally on the cultural context. If 
brain regions and their connectivity (for 
example, their wiring) are constitutionally 
dependent on the environmental context, it 
would be impossible to consider the brain 
in isolation from the environment — one 
might consequently speak of what has been 
called an ‘embedded brain’ (ReF.	101).

Nature and nurture. Cultural neuroscience 
is ideally suited to tackle the long-standing 
question regarding the extent to which a 
person’s brain function is determined by 
their genetic background (nature) and 
by their experiences (nurture). Future 
transcultural neuroimaging studies could 
investigate alleles that do or do not differ 
between cultural groups and then relate 
their findings to the neural activity that 
is associated with culture-invariant and 
culture-sensitive tasks and stimuli. Although 
this will require complex designs, such 
investigations might contribute to a better 
understanding of the interaction between 
genetic and environmental factors. Studying 
second-generation immigrants would 
provide a way to investigate the interaction 
between genetic and cultural backgrounds. 
It would also be interesting to study whether 
differences in responses to pharmacological 
drugs between ethnicities (‘ethnopharmacol-
ogy’ (ReFs	102,103)) are due to genetics or 
to culture-sensitive neural mechanisms. 
Findings from this area might contribute 
to the development of specific, and thus 
improved, psychopharmacological treatment 
across cultures.

Conclusions and future directions
Although transcultural neuroimaging 
studies indicate that culture shapes the 
functional anatomy of multiple-level cogni-
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tive functions, they also raise interesting and 
important questions for future research. For 
example, how do culture-sensitive and cul-
ture-invariant neural substrates contribute 
to cognition and behaviour? Future research 
could also examine how specific aspects of 
culture, such as self styles or beliefs, affect 
the neural mechanisms of human cognition. 
Furthermore, it will be interesting to 
determine whether culture influences both 
the functional and the structural neural 
bases of human cognition, and whether 
effects of culture are constitutional and/or 
modulatory.

In addition to these basic questions, it 
will be interesting to investigate how cultural 
influences on the neural substrates of human 
cognition interact with the effects of develop-
ment and aging. Another important ques-
tion is whether and how the brain adapts to 
living in a new culture: what are the neural 
differences between native people and 
newly arrived, short-term and long-term 
immigrants? fmRI studies of immigrants 
might help us to understand where, how and 
on what timescale the neural substrates of 
cognitive processes change as a function  
of cultural influence. Cultural sensitivity 
might also depend on the period in which 
one moves from one culture to another. 
moving from one culture to another dur-
ing a time of high neural plasticity, such as 
adolescence or early childhood, might have 
greater effects on neural activity than  
changing cultures in adulthood.

Another interesting question is whether 
there are culture-specific symptoms of 
psychiatric disorders like schizophrenia 
and depression and, if so, whether these are 
reflected in structural or functional neural 
differences. For example, the specific form 
of delusion that is experienced by a patient 
with schizophrenia might depend on the 
patient’s cultural background (for example, 
the feeling of being manipulated by a sensor 
in one’s brain versus the feeling of being 
Jesus or some other religious figure). If this 
is indeed the case, then neuronal abnormali-
ties in psychiatric disorders might be at least 
partially culture-specific, and this in turn 
might influence diagnosis and therapy.

We have discussed how transcultural 
neuroimaging allows us to identify cul-
ture-invariant and culture-sensitive neural 
substrates of human cognition. transcultural 
neuroimaging is based on social psychology 
and cognitive neuroscience and bridges the 
gap between the two disciplines. Recent 
studies demonstrated that groups that come 
from different cultures or that have been 
exposed to culturally different stimuli have 

differences in neural activity. As this is true 
for both high-level cognition (for example, 
social cognition) and low-level cognition 
(for example, perception), we assume 
that our brain’s activity is strongly and, at 
least in part, constitutionally shaped by its 
sociocultural context. We conclude that by 
revealing the dependence of neural activity 
on sociocultural contexts, the novel field of 
transcultural neuroimaging might provide 
new insight into the human brain and its 
unique principles of neural plasticity.

Shihui Han is at the Culture and Social Cognitive 
Neuroscience Laboratory, Department of Psychology, 

Peking University, 5 Yiheyuan Road, Beijing, China.

Georg Northoff is at the Laboratory for Functional 
Imaging and Neurophilosophy, Department of 

Psychiatry, Psychotherapy, and Psychosomatics, Otto-
von-Guericke University of Magdeburg, Leipziger 

Strasse 44, 39120 Magdeburg, Germany.

e-mails: shan@pku.edu.cn;  
georg.northoff@medizin.uni-magdeburg.de

doi:10.1038/nrn2456

1.	 Markus, H. R., Kitayama, S. & Heiman, R. J. in Social 
Psychology: Handbook of Basic Principles (eds 
Higgins, E. T. & Kruglanski, A. W) 857–913 (Guilford, 
New York, 1996).

2.	 Markus, H. R. & Kitayama, S. Culture and the self: 
implications for cognition, emotion and motivation. 
Psychol. Rev. 98, 224–253 (1991).

3.	 Markus, H. R. & Kitayama, S. Culture, self, and the 
reality of the social. Psychol. Inq. 14, 277–283 
(2003).

4.	 Choi, I., Nisbett, R. E. & Norenzayan, A. Causal 
attribution across cultures: variation and universality. 
Psychol. Bull. 125, 47–63 (1999).

5.	 Nisbett, R. E., Peng, K., Choi, I. & Norenzayan, A. 
Culture and systems of thought: holistic vs. analytic 
cognition. Psychol. Rev. 108, 291–310 (2001).

6.	 Nisbett, R. E. & Masuda, T. Culture and point of view. 
Proc. Natl Acad. Sci. USA 100, 11164–11170  
(2003).

7.	 Nisbett, R. E. The Geography of Thought (Free Press, 
New York, 2003).

8.	 Chiu, C. Y. & Hong, Y. Y. Social Psychology of Culture 
(Psychology Press, New York, 2006).

9.	 Morris, M. & Peng, K. Culture and cause: American 
and Chinese attributions for social and physical events. 
J. Pers. Soc. Psychol. 67, 949–971 (1994).

10.	 Peng, K. & Nisbett, R. Culture, dialectics, and 
reasoning about contradiction. Am. Psychol. 54, 
741–754 (1999).

11.	 Cacioppo, J. T. Social neuroscience: understanding the 
pieces fosters understanding the whole and vice versa. 
Am. Psychol. 57, 819–831 (2002).

12.	 Ochsner, K. N. & Lieberman, M. D. The emergence of 
social cognitive neuroscience. Am. Psychol. 56,  
717–734 (2001).

13.	 Adolphs, R. Cognitive neuroscience of human social 
behaviour. Nature Rev. Neurosci. 4, 165–178 (2003).

14.	 Blakemore, S., Winston, J. & Frith, U. Social cognitive 
neuroscience: where are we heading? Trends Cogn. 
Sci. 8, 216–222 (2004).

15.	 Lieberman, M. D. Social cognitive neuroscience: a 
review of core processes. Ann. Rev. Psychol. 58,  
259–289 (2007).

16.	 Gutchess, A. H., Welsh, R. C., Boduroglu, A. & Park, 
D. C. Cultural differences in neural function associated 
with object processing. Cogn. Affect. Behav. Neurosci. 
6, 102–109 (2006).

17.	 Tang, Y. et al. Arithmetic processing in the brain 
shaped by cultures. Proc. Natl Acad. Sci. USA 103, 
10775–10780 (2006).

18.	 Zhu, Y., Zhang, Li., Fan, J. & Han, S. Neural basis of 
cultural influence on self representation. Neuroimage 
34, 1310–1317 (2007).

19.	 Hedden, T., Ketay, S., Aron, A., Markus, H. R. & 
Gabrieli, D. E. Cultural influences on neural substrates 
of attentional control. Psychol. Sci. 19, 12–17 (2008).

20.	 Sui, J. & Han, S. Self‑construal priming modulates 
neural substrates of self‑awareness. Psychol. Sci. 18, 
861–866 (2007).

21.	 Lin, Z., Lin., Y. & Han, S. Self‑construal priming 
modulates visual activity underlying global/local 
perception. Biol. Psychol. 77, 93–97 (2008).

22.	 Han, S. et al. Neural consequences of religious belief 
on self‑referential processing. Soc. Neurosci. 3, 1–15 
(2008).

23.	 Nisbett, R. E. & Miyamoto, Y. The influence of culture: 
holistic versus analytic perception. Trends Cogn. Sci. 9, 
467–473 (2005).

24.	 Ji, L., Peng, K. & Nisbett, R. E. Culture, control, and 
perception of relationships in the environment. J. Pers. 
Soc. Psychol. 78, 943–955 (2000).

25.	 Kühnen, U. & Oyserman, D. Thinking about the self 
influences thinking in general: cognitive consequences 
of salient self‑concept. J. Exp. Soc. Psychol. 38,  
492–499 (2002).

26.	 Kitayama, S., Duffy, S., Kawamura, T. & Larsen, J. T. 
Perceiving an object and its context in different 
cultures: a cultural look at new look. Psychol. Sci. 14, 
201–206 (2003).

27.	 Masuda, T. & Nisbett, R. E. Culture and change 
blindness. Cogn. Sci. 30, 381–399 (2006).

28.	 Masuda, T. & Nisbett, R. E. Attending holistically 
versus analytically: comparing the context sensitivity 
of Japanese and Americans. J. Pers. Soc. Psychol. 81, 
922–934 (2001).

29.	 Martin, A., Wiggs, C. L., Ungerleider, L. G. & Haxby, 
J. V. Neural correlates of category‑specific knowledge. 
Nature 379, 649–652 (1996).

30.	 Goh, J. O. et al. Age and culture modulate object 
processing and object‑scene binding in the ventral 
visual area. Cogn. Affect. Behav. Neurosci. 7, 44–52 
(2007).

31.	 Lin, Z. & Han, S. Self‑construal priming modulates the 
scope of visual attention. Q. J. Exp. Psychol. A (in the 
press).

32.	 Gardner, W. L., Gabriel, S. & Lee, A. Y. “I” value 
freedom, but “we” value relationships: self‑construal 
priming mirrors cultural differences in judgment. 
Psychol. Sci. 10, 321–326 (1999).

33.	 Navon, D. Forest before trees: the precedence of 
global features in visual perception. Cogn. Psychol. 9, 
353–383 (1977).

34.	 Heinze, H. J. et al. Combined spatial and temporal 
imaging of brain activity during visual selective 
attention in humans. Nature 372, 543–546 (1994).

35.	 Di Russo, F., Martinez, A. & Hillyard, S. A. Source 
analysis of event‑related cortical activity during visuo‑
spatial attention. Cereb. Cortex 13, 486–499 (2003).

36.	 Milham, M. P., Banich, M. T., Claus, E. D. & Cohen, 
N. J. Practice‑related effects demonstrate 
complementary roles of anterior cingulate and 
prefrontal cortices in attentional control. Neuroimage 
18, 483–493 (2003).

37.	 Bolger, D. J., Perfetti, C. A. & Schneider, W. Cross‑
cultural effect on the brain revisited: universal 
structures plus writing system variation. Hum. Brain 
Mapp. 25, 92–104 (2005).

38.	 Tan, L. H., Laird, A., Li, K. & Fox, P. T. Neuroanatomical 
correlates of phonological processing of Chinese 
characters and alphabetic words: a meta‑analysis. 
Hum. Brain Mapp. 25, 83–91 (2005).

39.	 Paulesu, E. et al. A cultural effect on brain function. 
Nature Neurosci. 3, 91–96 (2000).

40.	 Shaywitz, S. E. et al. Functional disruption in the 
organization of the brain for reading in dyslexia. Proc. 
Natl Acad. Sci. USA 95, 2636–2641 (1998).

41.	 Temple, E. et al. Neural deficits in children with 
dyslexia ameliorated by behavioral remediation: 
evidence from functional MRI. Proc. Natl Acad. Sci. 
USA 100, 2860–2865 (2003).

42.	 Siok, W. T., Perfetti, C. A., Jin, Z. & Tan, L. H. 
Biological abnormality of impaired reading is 
constrained by culture. Nature 431, 71–76 (2004).

43.	 Hoeft, F. et al. Functional and morphometric brain 
dissociation between dyslexia and reading ability. 
Proc. Natl Acad. Sci. USA 104, 4234–4239 (2007).

44.	 Siok, W. T., Niu, Z., Jin, Z., Perfetti, C. A. & Tan, L. H.  
A structural‑functional basis for dyslexia in the cortex 
of Chinese readers. Proc. Natl Acad. Sci. USA 105, 
5561–5566 (2008).

45.	 Morrison, S. J., Demorest, S. M., Aylward, E. H., 
Cramer, S. C. & Maravilla, K. R. fMRI investigation of 
cross‑cultural music comprehension. Neuroimage 20, 
378–384 (2003).

46.	 Nan, Y., Knösche, T. R., Zysset, S. & Friederici, A. D. 
Cross‑cultural music phrase processing: an fMRI study. 
Hum. Brain Mapp. 29, 312–328 (2008).

P E R S P E c t I v E S

nAtuRE REvIEWS | neuroscience  vOlumE 9 | AuguSt 2008 | 653

© 2008 Macmillan Publishers Limited.  All rights reserved. 

 

mailto:shan@pku.edu.cn
mailto:georg.northoff@medizin.uni-magdeburg.de


47.	 Nan, Y., Knösche, T. R. & Friederici, A. D. The 
perception of musical phrase structure: a cross‑cultural 
ERP study. Brain Res. 1094, 179–191 (2006).

48.	 Ansari, D. Effects of development and enculturation on 
number representation in the brain. Nature Rev. 
Neurosci. 9, 278–291 (2008).

49.	 Baddeley, A. The episodic buffer: a new component of 
working memory? Trends Cogn. Sci. 4, 417–423 
(2000).

50.	 Markham, R. & Wang, L. Recognition of emotion by 
Chinese and Australian children. J. Cross Cult. 
Psychol. 27, 616–643 (1996).

51.	 Elfenbein, H. A. & Ambady, N. On the universality and 
cultural specificity of emotion recognition: a meta‑
analysis. Psychol. Bull. 128, 243–249 (2002).

52.	 Chiao, J. Y. et al. Cultural specificity in amygdala 
response to fear faces. J. Cogn. Neurosci. 5 May 2008 
(doi: 10.1162/jocn.2008.20151).

53.	 Wellman, H. M. The Child’s Theory of Mind (MIT Press, 
Cambridge, Massachusetts, 1990).

54.	 Frith, C. D. & Frith, U. Interacting minds — a 
biological basis. Science 286, 1692–1695 (1999).

55.	 Frith, C. & Frith, U. Theory of mind. Curr. Biol. 15, 
R644–R646 (2005).

56.	 Fletcher, P. C. et al. Other minds in the brain: a 
functional imaging study of ‘theory of mind’ in story 
comprehension. Cognition 57, 109–128 (1995).

57.	 Abu‑Akel, A. A neurobiological mapping of theory of 
mind. Brain Res. Brain Res. Rev. 43, 29–40 (2003).

58.	 Gallagher, H. L. & Frith, C. D. Functional imaging of 
‘theory of mind’. Trends Cogn. Sci. 7, 77–83 (2003).

59.	 Saxe, R., Carey, S. & Kanwisher, N. Understanding 
other minds: linking developmental psychology and 
functional neuroimaging Ann. Rev. Psychol. 55,  
87–124 (2004).

60.	 Frith, U. & Frith, C. D. Development and 
neurophysiology and mentalizing. Philos. Trans. 
R. Soc. Lond. B Biol. Sci. 358, 459–473 (2003).

61.	 Frith, C. D. & Frith, U. The neural basis of mentalizing. 
Neuron 50, 531–534 (2006).

62.	 Brunet, E., Sarfati, Y., Hardy‑Baylé, M. & Decety, J.  
A PET investigation of the attribution of intentions 
with a nonverbal task. Neuroimage 11, 157–166 
(2000).

63.	 Gallagher, H. L. et al. Reading the mind in cartoons 
and stories: an fMRI study of ‘theory of mind’ in verbal 
and nonverbal tasks. Neuropsychologia 38, 11–21 
(2000).

64.	 Han, S., Jiang, Y., Humphreys, G. W., Zhou, T. & Cai, P. 
Distinct neural substrates for the perception of real 
and virtual visual worlds. Neuroimage 24, 928–935 
(2005).

65.	 Saxe, R. & Kanwisher, N. People thinking about 
thinking people. The role of the temporo‑parietal 
junction in “theory of mind”. Neuroimage 19,  
1835–1842 (2003).

66.	 Saxe, R. & Wexler, A. Making sense of another mind: 
the role of the right temporo‑parietal junction. 
Neuropsychologia 43, 1391–1399 (2005).

67.	 Sommer, M. et al. Neural correlates of true and false 
belief reasoning. Neuroimage 35, 1378–1384 
(2007).

68.	 Amodio, D. M. & Frith, C. D. Meeting of minds: the 
medial frontal cortex and social cognition. Nature Rev. 
Neurosci. 7, 268–277 (2006).

69.	 Kobayashi, C., Glover, G. H. & Temple, E. Cultural and 
linguistic influence on neural bases of ‘theory of mind’: 
an fMRI study with Japanese bilinguals. Brain Lang. 
98, 210–220 (2006).

70.	 Allman, J. M., Watson, K. K., Tetreault, N. A. & 
Hakeem, A. Y. Intuition and autism: a possible role for 
Von Economo neurons. Trends Cogn. Sci. 9, 367–373 
(2005).

71. Gorno‑Tempini, M. L. et al. Explicit and incidental 
facial expression processing: an fMRI study. 
Neuroimage 1, 465–473 (2001).

72. Moran, M. A., Mufson, E. J. & Mesulam, M. M. 
Neural inputs into the temporopolar cortex of the 
rhesus monkey. J. Comp. Neurol. 256, 88–103 
(1987).

73.	 Moll, J., de Oliveira‑Souza, R., Bramati, I.	E. & 
Grafman, J. Functional networks in emotional moral 
and nonmoral social judgments. Neuroimage 16, 
696–703 (2002).

74. Kobayashi, C., Glover, G. H. & Temple, E. Cultural and 
linguistic effects on neural bases of ‘theory of mind’ in 
American and Japanese children. Brain Res. 1164, 
95–107 (2007).

75.	 Decety, J. & Grèzes, J. The power of simulation: 
imagining one’s own and other’s behavior. Brain Res. 
1079, 4–14 (2006).

76.	 Decety, J. & Lamm, C. The role of the right 
temporoparietal junction in social interaction: how 
low‑level computational processes contribute to meta‑
cognition. Neuroscientist 13, 580–593 (2007).

77.	 Ames, D. R. et al. in Intentions and Intentionality (eds 
Malle, B. F., Moses, L. J. & Baldwin, D. A.) 208–329 
(MIT Press, Cambridge, Massachusetts, 2001).

78.	 Perner, J. & Lang, B. Development of theory of mind 
and executive control. Trends Cogn. Sci. 3, 337–344 
(1999).

79.	 Wellman, H. M., Cross, D. & Watson, J. Meta‑analysis 
of theory‑of‑mind development: the truth about false 
belief. Child Dev. 72, 655–684 (2001).

80.	 Kitayama, S., Markus, H. R., Matsumoto, H. & 
Norasakkunkit, V. Individual and collective processes 
in the construction of the self: self‑enhancement in the 
United States and self‑criticism in Japan. J. Pers. Soc. 
Psychol. 72, 1245–1267 (1997).

81.	 Rogers, T. B., Kuiper, N. A. & Kirker, W. S. Self‑
reference and the encoding of personal information. 
J. Pers. Soc. Psychol. 35, 677–688 (1977).

82.	 Craik, F. I. M. et al. In search of the self: a positron 
emission tomography study. Psychol. Sci. 10, 26–34 
(1999).

83.	 Fossati, P. et al. In search of the emotional self: an 
fMRI study using positive and negative emotional 
words. Am. J. Psychiatry 160, 1938–1945 (2003).

84.	 Heatherton, T. F. et al. Medial prefrontal activity 
differentiates self from close others. Soc. Cogn. Affect. 
Neurosci. 1, 18–25 (2006).

85.	 Kelley, W. M. et al. Finding the self? An event‑related 
fMRI Study. J. Cogn. Neurosci. 14, 785–794 (2002).

86.	 Lieberman, M. D., Jarcho, J. M. & Satpute, A. B. 
Evidence‑based and intuition‑based self‑knowledge: 
an fMRI study. J. Pers. Soc. Psychol. 87, 421–435 
(2004).

87.	 Macrae, C. N., Moran, J. M., Heatherton, T. F., 
Banfield, J. F. & Kelley, W. M. Medial prefrontal 
activity predicts memory for self. Cereb. Cortex 14, 
647–654 (2004).

88.	 Moran, J. M., Macrae, C. N., Heatherton, T. F., 
Wyland, C. L. & Kelley, W. M. Neuroanatomical 
evidence for distinct cognitive and affective 
components of self. J. Cogn. Neurosci. 18,  
1586–1594 (2006).

89.	 D’argembeau, A. et al. Self‑referential reflective 
activity and its relationship with rest: a PET study. 
Neuroimage 25, 616–624 (2005).

90.	 Northoff, G. & Bermpohl, F. Cortical midline structures 
and processing of the self. Trends Cogn. Sci. 8,  
102–107 (2004).

91.	 Northoff, G., DeGreck, M., Bermpohl, F. & Panksepp, J. 
Self‑referential processing in our brain – a 
metaanalysis of imaging studies on the self. 
Neuroimage 31, 440–457 (2006).

92.	 Zhang, L. et al. In search of the Chinese self: an fMRI 
study. Sci. China C Life Sci. 49, 89–96 (2006).

93.	 Burns, C. “Soul‑less” Christianity and the Buddhist 
empirical self: Buddhist‑Christian convergence?  
Budd.-Christ. Stud. 23, 87–100 (2003).

94.	 Ching, J. Paradigms of the self in Buddhism and 
Christianity. Budd.-Christ. Stud. 4, 31–50 (1984).

95.	 Lin, H. in Dialogue Between Budhism and Christianity 
(eds Wu, Y., Lai, P. & Wang, W.) 317–338 (Zhong Hua 
Book Company, Beijing, 2005).

96. Platek, S. M., Keenan, J. P., Gallup, G. G. & 
Mohamed, F. B. Where am I? The neurological 
correlates of self and other. Cogn. Brain Res. 19,  
114–122 (2004).

97.	 Platek, S. M. et al. Neural substrates for functionally 
discriminating self‑face from personally familiar faces. 
Hum. Brain Mapp. 27, 91–98 (2006).

98.	 Uddin, L. Q., Kaplan, J. T., Molnar‑Szakaca, I., Zaidel, E. 
& Iacoboni, M. Self‑face recognition activates a 
frontoparietal “mirror” network in the right 
hemisphere: an event‑related fMRI study. Neuroimage 
25, 926–935 (2005).

99.	 Sugiura, M. et al. Passive and active recognition of 
one’s own face. Neuroimage 11, 36–48 (2000).

100.	Sugiura, M. et al. Cortical mechanisms of visual self‑
recognition. Neuroimage 24, 143–49 (2005).

101.	Northoff, G. Philosophy of the Brain. The Brain 
Problem (Benjamin, Amsterdam, 2004)

102.	Pi, E. H. Transcultural psychopharmacology: present 
and future. Psychiatry Clin. Neurosci. 52, S185–S187 
(1998).

103.	Munoz, C. & Hilgenberg, C. Ethnopharmacology. Am. 
J. Nurs. 105, 40–48 (2005).

104.	Nisbett, R. E. & Norenzayan, A. in Stevens’ Handbook 
of Experimental Psychology: Cognition Vol. 2 (eds 
Pashler, H. & Medin, D. L.) 561–597 (Wiley, New 
York, 2002).

105.	Wu, S. & Keysar, B. The effect of culture on  
perspective taking. Psychol. Sci. 18, 600–606 
(2007).

106.	Wang, Q. & Conway, M. A. The stories we keep: 
autobiographical memory in American and Chinese 
middle‑aged adults. J. Pers. 72, 911–938 (2004).

107.	Klein, S. B., Loftus, J. & Burton, H. A. Two self‑
reference effects: the importance of distinguishing 
between self‑descriptiveness judgments and 
autobiographical retrieval in self‑referent encoding. 
J. Pers. Soc. Psychol. 56, 853–865 (1989).

108.	Zhu, Y. & Zhang, L. An experimental study on the self‑
reference effect. Sci. China C Life Sci. 45, 120–128 
(2002).

109.	Choi, I. & Nisbett, R. E. Situational salience and 
cultural differences in the correspondence bias and 
actor‑observer bias. Pers. Soc. Psychol. Bull. 24, 
949–960 (1998).

110.	 Norenzayan, A., Choi, I. & Nisbett, R. E. Cultural 
similarities and differences in social inference: 
evidence from behavioral predictions and lay theories 
of behavior. Pers. Soc. Psychol. Bull. 28, 109–120 
(2002).

111.	 Peng, K. & Knowles, E. Culture, education, and the 
attribution of physical causality. Pers. Soc. Psychol. 
Bull. 29, 1272–1284 (2003).

112.	Ji, L., Zhang, Z. & Nisbett, R. E. Is it culture or is it 
language? Examination of language effects in cross‑
cultural research on categorization. J. Pers. Soc. 
Psychol. 87, 57–65 (2004).

113.	Singer, T. et al. Empathic neural responses are 
modulated by the perceived fairness of others. Nature 
439, 466–469 (2006).

114.	Eisenberger, N. I., Lieberman, M. D. & Williams, K. D. 
Does rejection hurt? An fMRI study of social exclusion. 
Science 302, 290–292 (2003).

115.	Park, D. C. & Gutchess, A. H. Aging, cognition, and 
culture: a neuroscientific perspective. Neurosci. 
Biobehav. Rev. 26, 859–867 (2002).

116.	Rushton, J. P. & Ankney, C. D. Brain size and cognitive 
ability: correlations with age, sex, social class, and 
race. Psychon. Bull. Rev. 3, 21–36 (1996).

Acknowledgements
We would like to thank the National Natural Science 
Foundation of China (Project 30630025) (S.H.), the  
Salus Foundation (G.N.) and the Hope of Depression Research 
Foundation (G.N.).

FURTHER INFORMATION
Shihui Han’s homepage: http://www.psy.pku.edu.cn/LABs/
CsCN_lab/index.html
Georg Northoff’s homepage: http://www.med.uni‑
magdeburg.de/fme/znh/kpsy/northoff/

All links Are Active in the online pdf

P E R S P E c t I v E S

654 | AuguSt 2008 | vOlumE 9  www.nature.com/reviews/neuro

© 2008 Macmillan Publishers Limited.  All rights reserved. 

 

http://www.psy.pku.edu.cn/LABS/CSCN_lab/index.html
http://www.psy.pku.edu.cn/LABS/CSCN_lab/index.html
http://www.med.uni-magdeburg.de/fme/znh/kpsy/northoff/
http://www.med.uni-magdeburg.de/fme/znh/kpsy/northoff/

	Abstract | Personalized medication that is based on pharmacogenetic data has long been expected to improve the efficacy of treatments for neurological and psychiatric disorders, including depression. However, the complexity of the regulation of gene transc
	Current successes in pharmacogenetics 
	Newly revealed genome complexity
	FKBP5 
	FK506-binding protein 5
	2,266
	10,11
	HTR2A 
	5-hydroxytryptamine receptor 2A
	2,683
	79–83
	GRIK4
	kainic-acid-type glutamate receptor KA1
	2,300
	84 
	GNB3
	G protein beta 3
	871
	85–88
	CRHR1 
	corticotropin releasing hormone receptor 1
	783
	89,90
	SLC6A4* 
	serotonin transporter 
	1,536
	91,92
	HTR1A 
	5-hydroxytryptamine receptor 1A
	795
	83,93–97 
	COMT
	catechol‑O-methyltransferase
	704
	98–100
	MAOA
	monoamine oxidase A
	766
	83,101,102
	The epigenetic code
	Figure 1 | An example of how genetic variation can predict antidepressant responses. Two single-nucleotide polymorphisms in the ABCB1 gene, which encodes p‑glycoprotein (P-gp; a transporter molecule in the blood–brain-barrier), influenced the response in d
	Biomarkers
	Systems-based antidepressants
	Future directions
	Figure 2 | A potential neuroendocrine biomarker for screening antidepressant drug candidates. If untreated depressed patients receive a dose of dexamethasone (1.5 mg orally at 11:00 pm), followed by a dose of corticotropin-releasing hormone (CRH; 100 µg inpermission, from REF. 75  (2007) Elsevier Sciences.
	Box 1 | Future antidepressant treatments will be based on biomarkers and genotypes
	Abstract | Our brains and minds are shaped by our experiences, which mainly occur in the context of the culture in which we develop and live. Although psychologists have provided abundant evidence for diversity of human cognition and behaviour across cultu
	Cultural effects on cognition
	Box 1 | Cultural diversity of human cognition
	Box 2 | Social neuroscience
	Cultural effects on social cognition
	Box 3 | Methodological issues in transcultural neuroimaging studies
	Figure 1 | Cultural modulation of the neural activity of the attentional network. a | In one study19, participants had to judge whether the length of a vertical line inside a box matched the length of a previously shown line regardless of the size of the bjudgement task. Figure reproduced, with permission, from REF. 19  (2008) Blackwell Publishing.
	Figure 2 | Cultural influence on the neural substrates of self representation and self awareness. a | In one study18, both Chinese people and Westerners conducted trait judgements of themselves, of their mother and of a famous person (an ‘other’). The vent
	Conceptual implications
	Conclusions and future directions



