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increased activity related to self- relative to other-
judgments in the ventral medial prefrontal
cortex (VMPFC) and the perigenual anterior
cingulate cortex (Craik et al., 1999; Fossati et al.,
2003; Heatherton et al., 2006; Kelley et al., 2002;
Lieberman, Jarcho, & Satpute, 2004; Macrae,
Moran, Heatherton, Banfield, & Kelley, 2004;
Moran, Macrae, Heatherton, Wyland, & Kelley,
2006; Zhu, Zhang, Fan, & Han, 2007). In addition,
brain imaging studies suggest a crucial role of
VMPFC in coding self-relatedness of stimuli
(Northoff & Bermpohl, 2004; Northoff et al.,
2006). For example, it has been shown that
VMPFC activity is concomitant with better mem-
ory of descriptive traits for the self than for others
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each session of the judgment tasks lasted for
52 s. Each judgment session was followed by a
null condition of 16 s during which two rows of
large and small asterisks were presented at the
locations of the trait adjectives and cue words.
The large and small symbols used in the null
condition were 1.1�1.1 cm (0.7�0.7 degrees)
and 0.5�0.5 cm (0.3�0.3 degrees). Each null
session included an instruction of 4 s, which asked
participants to view the screen passively.

A total of 480 unique adjectives were selected
from established personality trait adjective pools
(Liu, 1990). The adjectives were classified into
30 lists of 16 words. Each adjective consisted of
two to four Chinese characters. Half of the trait
adjectives were positive and half negative. Word
length (number of characters�2 to 4) and
valence were equated across the five judgment
tasks. Fifteen lists of words were pseudorandomly
selected for the judgment tasks while the remain-
ing 15 lists of words were used in the later
recognition memory test.

Following the functional and anatomy scans,
participants took a one-hour break and then
were given a ‘‘surprise’’ recognition memory
test. All the trait adjectives used in the judgment
tasks were mixed with 240 new trait adjectives
and were presented in a random order. Partici-
pants were asked to identify old or new items by
pressing one of two buttons. During the recogni-
tion memory test, participants were required to
respond to every item without a time limit.

To obtain independent psychological measure-
ments that account for differential involvement of
the self in trait judgments between the two
groups, each participant, after the scanning pro-
cedure, was asked to rate how the following
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and Judgment (self vs. Zhu-Rongji) as indepen-
dent variables.

Whole-brain statistical parametric mapping
(SPM) analyses were performed and contrasts
were then defined to reveal brain areas specifically
involved in self-, Jesus-, and Sakyamuni-judgment
relative to Zhu-Rongji-judgment. Contrasts were
also defined to compare the difference between
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We utilized a standard bootstrapping proce-
dure (Davison & Hinkley, 1997) to further

illustrate the distinct patterns of the population
mean of VMPFC and DMPFC activities in each
participant group. The signal intensities related to

self- and Zhu-Rongji-judgments were dissociated
along the vertical (y) axes showing VMPFC
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Figure 2. Brain activations related to self- and Zhu-Rongji-judgments in Christian and non-religious participants. (A) illustrates

increased brain activations associated with self-judgment relative to Zhu-Rongji-judgment on an inflated brain of a representative

Christian participant. (B) and (C) show Christian participants’ fMRI results of the random effect analysis on a normalized brain.

Brain activations associated with self-judgment relative to Zhu-Rongji-judgments were identified in DMPFC (B) and the visual

cortex along the calcarine sulcus (C). (D) and (E) show increased brain activations associated with self-judgment relative to Zhu-

Rongji-judgment on an inflated brain of a representative non-religious participant and the results of random effect analysis on a

normalized brain, respectively. Brain activation was observed only in VMPFC in non-religious participants. (F) shows the parameter

estimates of signal intensity in the DMPFC ROI linked to self-judgment and Zhu-Rongji-judgment in non-religious and Christian

participants. (G) and (H) show the time course of percent signal changes in the DMPFC ROI associated with self- and Zhu-Rongji-

judgments in non-religious and Christian participants, respectively. Paired t-tests indicate that the signal change in DMPFC was

significantly larger in associated with self- than Zhu-Rongji-judgments for Christian participants, t(13)�3.376, pB.005, but not for

non-religious participants, t(13)�0.129, p�.900.

8 HAN ET AL.
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were included in t-tests, the smaller the t-values

for the VMPFC activity but the greater the

t-values for the DMPFC activity that differenti-

ates between self- and Zhu-Rongji-judgments.
We also tested for the involvement of the

frontal cortex in differentiating between self

and religious leaders. The contrast of self- vs.

Jesus- and Sakyamuni-judgments revealed activa-

tions in DMPFC for Christian participants (BA

9/32, centered at x/y/z��4/33/29 and 0/36/24;

Z�3.63 and 4.61, both psB.01, Figure 4), but in

VMPFC for non-religious participants (BA 10/32,

x/y/z�0/49/12 and �8/45/7; Z�5.07 and 5.22,

both psB.01). Judgments of others were also

Figure 3. Dissociation of self- and Zhu-Rongji-judgments in VMPFC and DMPFC. (A) The mean signal intensity, related to self-

and Zhu-Rongji-judgments, of the bootstrapped sample was plotted as one of the points (x, y) with the horizontal (x) and vertical (y)

axes showing the mean signal intensity in DMPFC and VMPFC, respectively. The bootstrapped sample means of non-religious

participants are separated along the vertical axes showing the VMPFC activity. The bootstrapped sample means of Christian

participants are separated along the horizontal axes showing the DMPFC activity. (B) The neural activity that distinguished between

self- and Zhu-Rongji-judgments (i.e., self-judgment minus Zhu-Rongji-judgment) was plotted as one of the points (x, y) with the

horizontal (x) and vertical (y) axes showing the mean differential signal intensity in DMPFC and VMPFC, respectively. The

bootstrapped sample means of non-religious participants fall mostly to the upper quadrants, indicating larger activity linked to self-

than Zhu-Rongji-judgments in the VMPFC. The bootstrapped sample means of Christian participants fall mostly to the right



D
ow

nl
oa

de
d 

B
y:

 [U
ni

ve
rs

ity
 o

f C
hi

ca
go

] A
t: 

14
:5

7 
6 

Fe
br

ua
ry

 2
00

8 

compared with self-judgments to investigate de-
activation related to self-judgments. Christian
participants exhibited significant deactivation in
the right inferior parietal cortex relative to self-
than Jesus-judgments (BA 39/40, x/y/z�50/�64/
36; Z�4.35, pB.01) and deactivation in the
precuneus relative to self- compared with Zhu-
Rongji-judgments (BA 31, x/y/z�14/�43/41;
Z�3.81, pB.01), whereas non-religious partici-
pants did not show any deactivation during self-
judgment.

To inspect whether any brain areas were
specifically involved in representation of the
personal trait knowledge about religious leaders
in Christian participants, the contrast of Jesus- vs.
Zhu-Rongji-judgments was calculated but failed
to reveal brain activation in both participant
groups. Finally, we compared self-judgments
with font-judgment to investigate whether seman-
tic processing was different between the two
participant groups. Similar increased activations
were seen in the left inferior frontal gyrus, the
superior MPFC, the left posterior middle tem-
poral cortex, and the cerebellum in both groups
(see Table 3). These replicate the previous
observations (Craik et al., 1999; Kelley et al.,
2002; Zhu et al., 2007) and suggest analogous

neural substrates engaged in semantic processing
in both participant groups in the trait-judgment
tasks.

The rating results of how the factors (Jesus’
judgment, friends’ evaluation, the person’s rela-
tionship with others, and the person’s behavior)
influence participants’ judgment of the personal-
ity of the self or of others are shown in Figure 5.
For non-religious participants, one’s behavior was
identified as the most important factor that
determined their judgments. In contrast, for
Christian participants, Jesus’ evaluation was re-
cognized as the most important factor that
determined their judgments.1 Such distinct results
were confirmed by ANOVAs with Participant
groups and Factors influencing personality judg-
ment as main effects, which showed a highly
significant interaction between Participant and
Factor, F(3, 24)�79.992, pB.001.

Finally, to quantify the relationship between
subjective reports and the neural activity, we

Figure 4. Brain activation linked to self-judgment relative to other-judgment shown in the random effect analysis. (A) and (B)

show increased brain activation in DMPFC associated with self- relative to Jesus- and Sakyamuni-judgments in Christian

participants. (C) and (D) show increased brain activation in VMPFC associated with self- relative to Jesus- and Sakyamuni-

judgments in non-religious participants. (E) and (F) show deactivation associated with self- relative to Jesus- and Sakyamuni-

judgments in Christian participants.

1 As well as the subjects involved in the fMRI study who

were asked to perform the rating task we had asked two

independent groups of Christian and non-religious subjects

to rate the importance of factors that influence their judgment

of personality. The results are similar to those from the

subjects in the fMRI study, and thus are not reported here.

10 HAN ET AL.
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visual symbols. VMPFC activity associated
with self-judgments, however, was associated
with increases relative to the null condition,
resulting in a clear distinction between the self
and others in VMPFC. This is in agreement
with previous findings (D’argembeau et al.,
2005; Heatherton et al., 2006; Kelley et al., 2002;
Lieberman et al., 2004; Macrae et al., 2004;
Moran et al., 2006; Zhu et al., 2007). In contrast,
for Christian participants VMPFC activity linked
to both self- and other-judgments showed de-
creases from the null condition and could not
distinguish self- from other-judgments. DMPFC
activity linked to both self- and other-judgments
was associated with increases from the baseline
in both participant groups. However, DMPFC
activity differentiated between self- and other-
judgments in Christians but not in non-religious
participants. The results from the ROI and boot-
strapping analyses showed robust evidence for
this double dissociation of VMPFC and DMPFC
in self-referential processing in the two partici-
pant groups. These results indicate that Christian
beliefs and practices not only weaken the neural
representation of self-relevance in VMPFC when
thinking about one’s own personal traits, but also
result in utilization of a different brain region, i.e.,
DMPFC, for self-referential processing.

The difference in MPFC activities underlying
self-referential processing between Christian and
non-religious participants could not arise simply
from a disparity in semantic processing because
our fMRI data identified a similar neural network
for semantic processing in both participant
groups. Nor could the distinct brain activations
involved in self-referential processing arise from a
unique representation of religious leaders in
Christian participants since they failed to show
any brain activation specifically related to the
religious leaders. The results for Christian parti-
cipants are distinctive because previous brain
imaging studies, which did not take religious
beliefs and practices into account, have linked
self-referential processing of personal traits in
the verbal domain mainly to VMPFC activity
(D’argembeau et al., 2005; Heatherton et al.,
2006; Kelley et al., 2002; Lieberman et al., 2004;
Macrae et al., 2004; Moran et al., 2006; Zhu et al.,
2007). Similarly, the current work observed
increased activation in VMPFC related to
self-judgment in non-religious participants. As
VMPFC functions to label stimuli as self-
referential or to represent stimulus self-relevance
(Northoff & Bermpohl, 2004; Northoff et al.,

2006), our fMRI results suggest that self-
referential processing in non-religious partici-
pants was characterized by enhanced coding of
the self-relatedness of stimuli. In contrast,
VMPFC activity linked to self-judgment was
surprisingly eliminated in Christian participants,
indicating that the coding process of stimulus self-
relatedness was weakened. This is the first neural
consequence of Christian beliefs and practices on
self-referential processing. We also noted that
DMPFC plays an important role in reappraisal
and evaluation of self-related stimuli (Northoff &
Bermpohl, 2004; Northoff et al., 2006) and is
engaged in inference and evaluation of others’
mental states such as belief or intention (Galla-
gher et al., 2000; Grèzes, Frith, & Passingham,
2004; Han, Jiang, Humphreys, Zhou, & Cai, 2005;
Mitchell, Banaji, & Macrae, 2005). It follows that
the increased DMPFC activity linked to the
self-referential processing in Christian partici-
pants indicates that religious beliefs and practices
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