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(8 men and 5 women, mean age 23.1±2.33 years) participated in
this study as paid volunteers. The Western subjects were
Caucasians with their native language being English (6 English,
4 American, 2 Australian and 1 Canadian) and had studied in
China for less than one year when they participated in this study.
The two groups of subjects were matched on educational level (2–
5 years university) and the time of living independently. All
subjects had no neurological or psychiatric history and were right-
handed. All had normal or corrected-to-normal vision. Informed
consent was obtained prior to scanning. This study was approved
by a local ethic committee.

Behavioral tasks

Subjects were first imaged while performing trait judgment tasks.
The stimuli were presented through an LCD projector onto a rear-
projection screen at the head end of the bore. The screen was viewed



After the scanning procedure, subjects were given a “surprise”
recognition memory test. The trait adjectives used in the judgment
tasks were mixed with 192 new trait adjectives and presented in a
random order. Subjects were asked to identify old or new items by
button press without a time limit. Subjects were further asked to
make an R/K judgment (Tulving, 1999) for old words by indicating
whether ‘remembering’ (consciously recollect specific details of
the item that appeared in the earlier list, ‘R score’) or simply
‘knowing’ (not accompanied by recollective experience but has a
feeling of knowing or familiarity to the subjects) the item.

MRI data acquisition

Brain imaging was performed on a 3-T Siemens Trio MR
scanner with a standard birdcage head coil at Beijing MRI Center
for Brain Research. Pieces of foam were used to minimize head
movement. A T2*-weighted gradient-echo planar imaging (EPI)
sequence (TR=2000 ms, TE=30 ms and flip angle=90°, 3 mm
thickness, skip 0.75 mm, FOV=220 mm, 64×64×32 matrix with
3.4×3.4×3.75 mm spatial resolution) was used to acquire a set of
32 axial slices of functional images. Four functional scans were
obtained. Each scan lasted for 324 s. During each functional scan,
162 sets of mosaic images were acquired allowing complete brain
coverage. High-resolution anatomic images were obtained using a
standard 3D T1-weighted sequence with 0.9×0.9 mm in plane
resolution and 1.3 mm slice thickness (256 × 256 matrix,
TR=1600 ms, TE=3.93 ms).

fMRI data analysis

Statistical Parametric Mapping software (SPM2, Wellcome
Department of Cognitive Neurology, UK) was used for imaging
data processing and analysis. Functional images were realigned to
correct for head movement between scans and coregistered with
each subject’s anatomical scan. Functional images were trans-
formed into a standard anatomical space (2×2×2 mm3 isotropic
vexes) based on the Montreal Neurological Institute (MNI)
template. Normalized data were then spatially smoothed using a
Gaussian filter with a full-width at half-maximum (FWHM)
parameter set to 6 mm. The image data were modeled using a
box-car function. A general linear model was used to compute
parameter estimates and t-contrast images (containing weighted
parameter estimates) for each comparison at each voxel. The
contrasts between trait judgments and font judgment and between
self- or mother-judgments and other-judgment were defined in
each subject. These individual contrast images were then
submitted to a second-level random-effect analysis (threshold at
p<0.05, corrected for multiple comparisons). The SPM coordi-
nates for standard brain from MNI template were converted to
Talairach coordinates (Talairach and Tournoux, 1998) using a
non-linear transform method (
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Fig. 2. Percent recognition in the memory tests for both groups of subjects. Bar graphs represent the total scores of correct recognition and the R scores. Error bars
confirmed the different patterns of MPFC activity between the two
groups (F(2,48)=3.58, p<0.05). Paired t-tests confirmed that
fMRI signals were larger in the self- than mother-judgment tasks
for Western subjects (t(12)=2.624, p<0.01) but did not differ
between the two conditions for Chinese subjects (t(12)=1.138,
p>0.05).

To uncover the differential mother-reference effect between the
two cultures, the mean fMRI signals linked to other-judgment were
subtracted from those linked to the self- and mother-judgments.
The ANOVAs of the differential fMRI signals showed a reliable
interaction of Culture (Chinese vs. Western)×Reference (self vs.
mother) (F(1,24)=6.67, p<0.05). Post hoc comparisons confirmed
that the mother-reference effect was smaller than the self-reference
effect for the Western subjects (F(1,24)=5.96, p<0.05) but did not
differ from the self-reference effect for the Chinese subjects
(F(1,24)=1.47, p>0.05).

Similar ROI analyses were conducted on the fMRI signals in
ACC (centered at −6/36/20 (Chinese) and −6/33/0 (Western);
Fig. 4). ACC signals showed a pattern similar to that of MPFC
signals. However, neither the interaction of Culture×Judgment (F
(2,48)=1.17, p>0.05) nor the interaction of Culture×Reference
(F(1,24)=0.35, p>0.1) was significant, suggesting that the
cultural effect on the neural substrates of self-representation
was not reliable in the ACC activity. Finally, we conducted a
three-way ANOVA on the differential fMRI signals with factors
being Culture (Chinese vs. Western), Reference (self vs. mother)
and Activation Foci (MPFC vs. ACC) as independent variables.
There was a significant interaction of Culture×Reference×Acti-
vation Foci (F(1,24)=5.90, p<0.05), indicating that the cultural
effect on the neural substrates of self-representation was mainly
evident in MPFC activity.
Discussion

Some studies found that intimate-other-reference judgments
produce recall inferior to that found with self-reference judgments in
Western subjects (Lord, 1980; Klein et al., 1989; Heatherton et al.,
2006), whereas others found that the superior memory of self-
referenced materials is diminished when compared with the material
related to an intimate other (Bower and Gilligan, 1979). Never-
theless, these studies did not tell whether self and intimate persons
share neural structures and whether cultures influence the relevant
neural mechanisms. While some neuroimaging studies failed to find
differential MPFC activity between self- and close-other judgments
(Seger et al., 2004; Schmitz et al., 2004; Ochsner et al., 2005),
Heatherton et al. (2006) recently reported stronger MPFC activity
linked to the self relative to close others (best friends) in Western



subjects.1 The current research reinforces Heatherton et al’s
observation and showed evidence that such neural distinction
between self and intimate persons was evident for Westerners but not
for Chinese.

While observing a self-reference effect for both Chinese and
Western subjects, we found that personal traits related to self-judg-
ments were remembered better than those associated with mother-
judgments for Western but not for Chinese subjects, replicating the
results of our prior behavioral study (Zhu and Zhang, 2002). Our
fMRI results showed stronger MPFC activation in the self- relative
to other-judgments, consistent with previous studies of Western
subjects (Kelley et al., 2002; Lieberman et al., 2004). In line with
Heatherton et al. (2006), we demonstrate that self-judgments even
induced stronger MPFC activation relative to mother-judgments in
Western subjects. The ROI analysis showed further that self-
judgments were qualitatively different from mother-judgments in
that, relative to the null condition, self-judgments increased MPFC
activity whereas mother-judgments reduced MPFC activity. The fact
that Western individuals showed selective MPFC activity for judg-
ments about themselves relative to their mothers, and that activity in
mother-judgments did not differ from that in other-judgments,
indicates that, for Westerners, MPFC is specific to the self.

We also found enhanced MPFC activity linked to self- relative to
other-judgments in Chinese subjects. The locus of MPFC activity in
these individuals was close to that found in Western subjects,
indicating that MPFC is involved in self-representation irrespective
of subjects’ cultural background. Nevertheless, in Chinese indivi-
duals, mother-judgments generated enhanced MPFC activity
compared with other-judgments and the null condition. Conse-
quently, the representation of Chinese mother cannot be distin-
guished from the representation of their selves, in terms of the MPFC
activity, indicating that Chinese individuals use MPFC to represent
both mother and the self. In contrast, MPFC activity corresponds to a
representation of only the individual self in Western subjects. These
fMRI results showed strong empirical evidence that MPFC mediates
cultural influence on the neural substrates of representation of self



the self and intimate persons such as mother, whereas the relative



Bower, G.H., Gilligan, S.G., 1979. Remembering information related to
one's self. J. Res. Pers. 13, 420–432.

Bush, G., Luu, P., Posner, M.I., 2000. Cognitive and emotional influences in
anterior cingulate cortex. Trends Cogn. Sci. 4, 215–222.

Craik, F.I.M., Moroz, T.M., Moscovitch, M., Stuss, D.T., Winocur, G.,
Tulving, E., Kapur, S., 1999. In search of the self: a positron emission
tomography study. Psychol. Sci. 10, 26–34.

Heatherton, T.F., Wyland, C.L., Macrae, C.N., Demos, K.E., Denny, B.T.,
Keley, W.M., 2006. Medial prefrontal activity differentiates self from
close others. Soc. Cogn. Affe. Neurosci. 1, 18–25.

Heine, S.J., 2001. Self as cultural product: an examination of East Asian and
North American selves. J. Pers. 69, 881–906.

Kelley, W.M., Macrae, C.N., Wyland, C.L., Caglar, S., Inati, S., Heatherton,
T.F., 2002. Finding the self? An event-related fMRI Study. J. Cogn.
Nenrosci. 14, 785–794.

Kircher, T.T.J., Senior, C., Phillips, M.L., Rabe-Hesketh, S., Benson, P.J.,
Bullmore, E.T., Brammer, M., Simmons, A., Bartels, M., David, A.S.,
2001. Recognizing one's own face. Cognition 78, B1–B15.

Kjaer, T.W., Nowak, M., Lou, H.C., 2002. Reflective self-awareness and
conscious states: PET evidence for a common midline parietofrontal
core. NeuroImage 17, 1080–1086.

Klein, S.B., Loftus, J., Burton, H.A., 1989. 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.

Lieberman, M.D., Jarcho, J.M., Satpute, A.B., 2004. Evidence-based and
intuition-based self-knowledge: an fMRI study. J. Pers. Soc. Psychol. 87,
421–435.
Liu, Y., 1990. Modern Lexicon of Chinese Frequently-Used Word
Frequency. Space Navigation Press, Beijing.

Lord, C.G., 1980. Schemas and images as memory aids: two modes of
processing social information. J. Pers. Soc. Psychol. 38, 257–269.

Markus, H.R., Kitayama, S., 1991. Culture and the self: implication for
cognition, emotion and motivation. Psychol. Rev. 98, 224–253.

Ochsner, K.N., Beer, J.S., Robertson, E.R., Cooper, J.C., Gabrieli, J.D.,
Kihsltrom, J.F., D'Esposito, M., 2005. The neural correlates of direct and
reflected self-knowledge. NeuroImage 28, 797–814.

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

Schmitz, T.W., Kawahara-Baccus, T.N., Johnson, S.C., 2004. Metacognitive
evaluation, self-relevance, and the right prefrontal cortex. NeuroImage
22, 941–947.

Seger, C.A., Stone, M., Keenan, J.P., 2004. Cortical activations during
judgments about the self and an other person. Neuropsychogia 42,
1168–


	Neural basis of cultural influence on self-representation
	Introduction
	Materials and methods
	Subjects
	Behavioral tasks
	MRI data acquisition
	fMRI data analysis

	Results
	Discussion
	Acknowledgments
	References


