
 
 

PLEASE SCROLL DOWN FOR ARTICLE

!"#$%&'(#)*+%,&$%-.,/*.&-+-%012%34&'(5.6("%7.**+8+9
:/2%;<%=&1%><;<
?))+$$%-+(&#*$2%?))+$$%4+(&#*$2%3$60$)'#@(#./%/650+'%A<B<CD<EC9
F60*#$"+'%F$1)".*.81%F'+$$
G/H.'5&%I(-%J+8#$(+'+-%#/%K/8*&/-%&/-%L&*+$%J+8#$(+'+-%M650+'2%;<B>ANE%J+8#$(+'+-%.HH#)+2%=.'(#5+'%O.6$+P%DBQ
E;%=.'(#5+'%R('++(P%I./-./%L;!%DSOP%TU

R.)#&*%M+6'.$)#+/)+
F60*#)&(#./%-+(&#*$P%#/)*6-#/8%#/$('6)(#./$%H.'%&6(".'$%&/-%$60$)'#@(#./%#/H.'5&(#./2
"((@2VV,,,W#/H.'5&,.'*-W).5V$5@@V(#(*+X)./(+/(Y(BE;BB;;ED

=.-6*&(#./%.H%).'(#)&*%5#-*#/+%$('6)(6'+$%01%#5@*#)#(%&/-%+Z@*#)#(%$+*HQ
'+*+[&/)+%+[&*6&(#./
S.$+@"%=W%=.'&/%&\%!.--%]W%O+&("+'(./%&\L#**#&5%=W%U+**+1%&
&%4&'(5.6("%7.**+8+P%O&/.[+'P%MOP%TR?

]#'$(%@60*#$"+-%./2%>D%S&/6&'1%><<A

!.%)#(+%("#$%?'(#)*+%=.'&/P%S.$+@"%=W%P%O+&("+'(./P%!.--%]W%&/-U+**+1P%L#**#&5%=W^><<A_%`=.-6*&(#./%.H%).'(#)&*%5#-*#/+
$('6)(6'+$%01%#5@*#)#(%&/-%+Z@*#)#(%$+*HQ'+*+[&/)+%+[&*6&(#./`P%R.)#&*%M+6'.$)#+/)+P%E2%DP%;AB%a%>;;P%]#'$(%@60*#$"+-%./2%>D
S&/6&'1%><<A%^#]#'$(_
!.%*#/b%(.%("#$%?'(#)*+2%4:G2%;<W;<c<V;BEB<A;<c<>>N<N;A
TJI2%"((@2VV-ZW-.#W.'8V;<W;<c<V;BEB<A;<c<>>N<N;A

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/terms-and-conditions-of-access.pdf
http://www.informaworld.com/smpp/title~content=t741771143
http://dx.doi.org/10.1080/17470910802250519


Modulation of cortical midline structures by implicit and
explicit self-relevance evaluation

Joseph M. Moran, Todd F. Heatherton, and William M. Kelley

Dartmouth College, Hanover, NH, USA

Recent neuroimaging work has observed activity in cortical midline structures (CMS) such as medial
prefrontal and posterior cingulate cortices during self-referential processing.Moreover, items rated as self-
relevant produce increased activity in these regions relative to items that are deemed not self-relevant. A
common thread among previous reports has been reliance on experimental tasks that encourage or require
online self-referential processing. In this paper, we report findings from two experiments that manipulated
requirements for self-reflection. In Experiment 1, subjects rated trait adjectives for social desirability and
for self-relevance. Results revealed increasing activity in CMS with increasing self-relevance, but only
during explicit ratings of self-relevance. InExperiment 2, we examinedCMSactivity during passive viewing
of personal semantic facts (such as subjects’ own first names). Taken together, these results suggest that
highly self-relevant information captures attention through neural mechanisms that are comparable to
those engaged during explicit self-reflection, namely via recruitment of CMS structures.

Keywords: Medial prefrontal cortex; Posterior cingulate cortex; fMRI; Self-relevance; Social cognitive
neuroscience.

INTRODUCTION

Within the past decade, social neuroscience has
made major strides in identifying brain regions
that are involved in processing information about
the self (Heatherton, Macrae, & Kelley, 2004).
Research using functional neuroimaging has de-
monstrated activity in cortical midline structures
(CMS; Northoff and Bermpohl, 2004) such as
medial prefrontal (MPFC) and medial parietal/
posterior cingulate (PCC) cortices during self-
referential processing (Craik et al., 1999; d’Ar-
gembeau et al., 2007; Fossati et al., 2003, 2004,
Heatherton et al., 2006; M. K. Johnson et al.,
2006; S. C. Johnson et al., 2002, 2007; Kelley et al.,
2002; Kircher et al., 2000; Kjaer, Nowak, &
Lou, 2002; Lou et al., 2004; Macrae, Moran,

Heatherton, Banfield, & Kelley, 2004; Moran,
Wig, Adams, Janata, & Kelley, 2006; Pfeifer,
Lieberman, & Dapretto, 2007; Phan et al., 2004;
Schmitz et al., 2004; Schmitz & Johnson, 2006;
Zhang et al., 2006; Zysset, Huber, Ferstl, & von
Cramon, 2002; Zysset, Huber, Samson, Ferstl, &
von Cramon, 2003). In a large meta-analysis
investigating self-referential processing, Northoff
et al. (2006) concluded that activations cluster
around three regions of the cortical midline:
ventral MPFC (vMPFC), dorsal MPFC (dMPFC)
and PCC. These results were obtained regardless
of sensory presentation domain (auditory, visual,
mental), and regardless of the conceptual/task
domain (verbal, spatial, memory, emotional, fa-
cial, social, agency) used in any specific study. The
findings of this meta-analysis strongly suggest a
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domain-general role for these CMS in supporting
the kinds of processing operations that give rise to
a structured and relatively stable sense of self.

Work from our laboratory and others (Macrae
et al., 2004; Phan et al., 2004; Moran, Macrae,
Heatherton, Wyland, & Kelley, 2006) has re-
vealed that CMS are more responsive to items
that are endorsed as self-relevant relative to those
endorsed as not self-relevant. This result is some-
what surprising, given that neuroimaging studies
of self-referential processing thus far have relied
on tasks that promote explicit judgments of self-
relatedness of a given stimulus. Two explanations
emerge for these findings. First, it is possible that
highly self-relevant information, by its nature,
encourages further self-referential processing
than does material that is not self-relevant.
Alternatively, these regions may indeed be truly
sensitive to item-to-item differences in self-rele-
vance, in which case we would expect activity in
the CMS to track with item-based self-relevance
more generally, regardless of whether subjects are
focusing on performing the self-referencing task.
Interestingly, this hypothesis has yet to be tested,
since the literature to date has not investigated
self-relevance in an implicit manner, i. e., in the
absence of explicit instructions to relate indivi-
dual items to the self.

Here we report two experiments that varied
instructions to self-reflect as well as the extent to
which the material was self-relevant for subjects.
In Experiment 1, we asked subjects to perform
self-referencing and general semantic processing
tasks on trait adjectives, obtaining self-relevance
ratings on all trait adjectives. The goal of this
experiment was to determine whether item self-
relevance would modulate CMS activity during
experimental conditions where subjects were
engaged in a different cognitive task (implicit
self-reflection). In Experiment 2, we used cano-
nically self-relevant material (such as subjects’
own names) to determine whether this class of
information could modulate CMS activity in the
absence of any goal-directed task (i. e., during
passive viewing).

MATERIALS AND METHODS

Participants

In Experiment 1, 34 participants between the ages
of 18 and 31 (16 male, mean age"20.2 years)
were recruited from the local Dartmouth com-

munity. Twenty-seven subjects between the ages
of 18 and 26 (15 male, mean age"19.6) partici-
pated in Experiment 2. Subjects reported no
significant abnormal neurological history, had
normal or corrected-to-normal visual acuity, and
were strongly right-handed as measured by the
Edinburgh Handedness Inventory (Raczkowski,
Kalat, & Nebes, 1974). Subjects received course
credit or were paid for their participation and
gave informed consent in accordance with the
guidelines set by the Committee for the Protec-
tion of Human Subjects at Dartmouth College. In
both Experiment 1 and Experiment 2 respec-
tively, four subjects were excluded from further
analysis due to excessive head motion (!1 mm
between successive electronic portal image (EPI)
acquisitions).

Functional imaging

Anatomical and functional whole-brain imaging
was performed on a 3. 0 T Phillips Intera Achieva
Scanner (Philips Medical Systems, Bothell, WA).
An Apple Powerbook G3 computer running
PSYSCOPE V. 1. 2. 5 (Cohen, Macwhinney, Flatt,
& Provost, 1993) was used for stimulus display.
Anatomical images were acquired using a high-
resolution 3-D magnetization prepared rapid
gradient echo sequence (MP-RAGE; 160 sagittal
slices, TE"4.6 ms, TR"9.9 ms, flip angle"88,
1#1#0.89 mm voxels). In Experiment 1, func-
tional images were collected in six functional runs
of 135 time points each. In Experiment 2, func-
tional images were collected in five functional
runs of 150 time points each. Both experiments
used a fast field echo (FFE) echo-planar sequence
sensitive to blood-oxygen-level dependent con-
trast (T2*) (both experiments: 30 axial slices per
whole-brain volume, 3 mm in-plane resolution, 4
mm thickness, 1 mm skip, TR"2000 ms, TE"35
ms, flip angle"908).

Procedure

Experiment 1

In an event-related design, subjects viewed 540
trait adjectives taken from Anderson’s (1968)
normed list. During the first three runs of func-
tional imaging (270 word trials) subjects were
required to indicate via a button press ‘‘How
socially desirable is this trait?’’ on a scale from 1
(least) to 4 (most socially desirable). At the
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completion of Run 3, subjects were instructed to
change their responses, by answering the question
‘‘How much does this trait describe me (the
subject)?’’ for the remainder of the study. This
presentation order was chosen to ensure that
subjects did not self-reference when performing
the social desirability judgment. Subjects used the
same four-point scale during the second half
(Runs 4!6) of the study. Presentation of words
was counterbalanced across subjects. Words were
presented for 1250 ms followed by a fixation
crosshair for 750 ms. Null events (270) consisting
of a fixation crosshair presented for 2000 ms were
pseudorandomly interspersed to introduce jitter
into the fMRI time series.

Following scanning, subjects viewed all 540
trait adjectives a second time. Words that were
judged for self-relevance during scanning war-
ranted social desirability ratings on the post-scan
task and vice versa. In this way, we were able to
obtain a rating of social desirability and self-
descriptiveness for each adjective from each
subject. Further, each judgment category con-
tained judgments made implicitly (post-scanning)
and explicitly (during scanning). Figure 1 details
the experimental procedure schematically.

This paradigm permitted two analyses. First,
neural activity during explicit ratings of self-
reference could be contrasted to explicit ratings
of social desirability (SELF vs. SOCIAL). Sec-
ond, we were further interested in investigating
whether regions whose activity indexed self-
descriptiveness during explicit judgments of self-
reference would also do so in the absence of
explicit task demands. To accomplish this, post-

scan ratings of self-relevance were entered as a
parametric regressor for trait adjectives that were
endorsed for social desirability during scanning.

Experiment 2

During Experiment 2, subjects viewed 500
words from 30 categories of personal semantic
information. Items were categorized as SELF
(n"50, white font), NEUTRAL (n"400, white
font) or ODDBALL (n"50, green font). Prior to
scanning, participants completed a questionnaire
probing categories of autobiographical informa-
tion (e. g., ‘‘father’s first name’’, ‘‘hometown’’,
‘‘phone number’’, ‘‘initials’’). Autobiographical
categories were identical to those used in a similar
event-related potential (ERP) study by Gray and
colleagues (2004). Participants were instructed to
provide as many exemplars for each category as
were appropriate (i. e., if the subject had two pets,
to provide both pets’ names). On average, subjects
provided 30 (93 SD) responses. In order to
increase the number of SELF items to 50 to
facilitate analysis using the GLM, some responses
were chosen at random to be presented twice.
While repeated presentation is known to intro-
duce repetition suppression effects in neuroima-
ging data (Buckner et al., 1995), it was felt that
effects of this nature would bias against finding
effects in support of the experimental hypothesis.
More simply put, any significant effects would
then be achieved under more conservative experi-
mental conditions. Approximately 500 control
stimuli were acquired by sampling lists of relevant
exemplars from each category of information
available on the worldwide web. Of those 500
stimuli, 50 were selected at random to appear as
perceptual oddballs (displayed in green rather
than white font). In order to ensure that no subject
saw a self-relevant control item as part of the
NEUTRAL or ODDBALL conditions, lists for
these conditions were inspected and self-relevant
items replaced with non-self-relevant items. Parti-
cipants were given simple task instructions to
make a button press to each green word, thus
ensuring their vigilance throughout the experi-
ment. In addition, participants were told that their
responses to the personal information question-
naire were to be included in the stimulus set in
order to make the study more interesting. Words
were presented for 1000 ms followed by a fixation
crosshair for 1000 ms. Null events (250) consisting
of a fixation crosshair presented for 2000 ms were
pseudorandomly interspersed to introduce jitter

Figure 1. During scanning, subjects viewed all 540 trait
adjectives in six functional runs. During Runs 1!3, they judged
each adjective for its social desirability. During Runs 4!6, they
judged adjectives for their self-descriptiveness. After the scan
session, subjects viewed all 540 trait adjectives once more. This
time, they judged adjectives 1!270 for their self-descriptive-
ness, and adjectives 271!540 for their social desirability. In this
way, we were able to obtain both self-descriptiveness and
social desirability ratings for each adjective for each subject.
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into the fMRI time series. Of interest was neural
activity in response to physically unique targets
(external attention) and the self-relevant targets
(internal attention).

Data analysis

fMRI data were analyzed using the general linear
model for event-related designs in SPM2 (Well-
come Department of Cognitive Neurology, Lon-
don, UK). For each functional run, data were
preprocessed to remove sources of noise and
artifact. Functional data were corrected for dif-
ferences in acquisition time between slices for
each whole-brain volume, realigned within and
across runs to correct for head movement, and
transformed into a standard anatomical space
(3 mm isotropic voxels) based on the ICBM 152
brain template (Montreal Neurological Institute)
which approximates Talairach and Tournoux’s
(1988) atlas space. Normalized data were then
spatially smoothed (8 mm full-width-at-half-max-
imum (FWHM)) using a Gaussian kernel. Ana-
lyses took place at two levels: formation of
statistical images and regional analysis of hemo-
dynamic responses.

In Experiment 1, a general linear model
incorporating task effects for SELF and SOCIAL
task conditions, and covariates of no interest (a
session mean, a linear trend, and six movement
parameters derived from realignment correc-
tions) was used to compute parameter estimates
(b) and t-contrast images (containing weighted
parameter estimates) for each comparison at each
voxel and for each subject. Four parametric
regressors were included to identify brain regions
whose activity tracked linearly with EXPLICIT
and IMPLICIT ratings of SELF-RELEVANCE
and EXPLICIT and IMPLICIT ratings of SO-
CIAL DESIRABILITY. Explicit ratings of self-
relevance and social desirability were those rat-
ings that were obtained during the two scanning
tasks, respectively. Implicit ratings were those
ratings obtained following scanning and were
used as an intrinsic self-relevance value for words
that were judged for social desirability during
scanning (IMPLICIT SELF) and as an intrinsic
social desirability value for words that were
judged for self-relevance during scanning (IM-
PLICIT SOCIAL).

Contrasts of interest were the comparison of
SELF vs. SOCIAL trials, parametrically increas-

ing self-relevance during SELF trials (EXPLICIT
SELF), parametrically increasing self-relevance
during SOCIAL trials (IMPLICIT SELF), para-
metrically increasing social desirability during
SOCIAL trials (EXPLICIT SOCIAL), and para-
metrically increasing social desirability during
SELF trials (IMPLICIT SOCIAL). These con-
trast images were then submitted to a second-
level random effects analysis using one-sample t-
tests, which compared weighted parameter esti-
mates against zero for each comparison of inter-
est, across all subjects.

In Experiment 2, a general linear model
incorporating task effects for SELF, ODDBALL
and NEUTRAL conditions and covariates of no
interest (a session mean, a linear trend, and six
movement parameters derived from realignment
corrections) was used to compute parameter
estimates (b) and t-contrast images (containing
weighted parameter estimates) for each compar-
ison at each voxel and for each subject. Contrasts
of interest were the comparison of SELF vs.
NEUTRAL trials, SELF vs. ODDBALL trials,
ODDBALL vs. NEUTRAL trials and ODD-
BALL vs. SELF trials. These contrast images
were then submitted to a second-level random
effects analysis using one-sample t-tests, which
compared weighted parameter estimates against
zero for each comparison of interest, across all
subjects. All contrasts in this experiment were
thresholded at a corrected false discovery rate
(FDR; Genovese, Lazar, & Nichols, 2002) of
pB.05 and an extent threshold of 10 voxels.

For both experiments, regions of interest in
medial prefrontal (BA10, [$6 54 9], MNI) and
posterior cingulate (BA23/30, [$6 51 15], MNI)
cortices were derived from coordinates described
in Moran et al. (2006), which were obtained from
a contrast of parametrically increasing self-rele-
vance in that paper. Average parameter estimates
for each condition relative to baseline fixation
across these two regions were extracted for each
subject and averaged together to give a measure
of mean signal change from baseline for each task
condition.

EXPERIMENT 1 RESULTS

Behavioral results

Two subjects were excluded from behavioral
analysis as their reaction times during both tasks
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were more than two standard deviations from the
mean. One further subject gave only ‘‘1’’ and ‘‘4’’
responses and was also excluded. Reaction times
from the remaining 28 subjects were considered
in a 2 (Task: SELF and SOCIAL)#4 (Response:
1!4) repeated measures ANOVA (Figure 2). A
main effect of Task, F(1, 26)"12.39, pB.001)
revealed that subjects responded significantly
more slowly when self-referencing than when
rating adjectives for social desirability, F(1,
26)"12.29, pB.005; SELF: 1224927 ms; SO-
CIAL: 1172927 ms, mean9SEM. A main effect
of Response, F(3, 78)"34.17, pB.0001, on sub-
jects’ reaction times revealed that subjects re-
sponded more slowly when giving a ‘‘2’’ or ‘‘3’’
response than when giving a ‘‘1’’ or ‘‘4’’ response,
F(1, 26)"92.43, pB.0001 (‘‘1’’ 1163919 ms; ‘‘2’’
1255923 ms; ‘‘3’’ 1224922 ms; ‘‘4’’ 1133919 ms,
mean9SEM). A significant interaction between
TASK and RESPONSE, F(3, 75)"3.39, pB.05)
was evidenced in shorter reaction times when
making 1, 2, or 4 responses during SOCIAL vs.
SELF trials, all F(1, 26) values!7, all p values
B.01, but not when making 3 responses (FB1).

Two separate ANOVAs considered the propor-
tion of items afforded a given response during
SELF and SOCIAL trials. A main effect of
Response during SELF trials, F(3, 81)"32.09,
pB.0001, revealed that subjects were more likely
to endorse an item as either ‘‘2’’ or ‘‘3’’ than ‘‘1’’
or ‘‘4’’, F(1, 81)"92.48, pB.0001, replicating
findings from our previous study (Moran et al.,
2006). A main effect of response during SOCIAL
trials, F(3, 81)"7.48, pB.002, revealed again that
subjects were more likely to endorse items as
either ‘‘2’’ or ‘‘3’’ than ‘‘1’’ or ‘‘4’’, F(1, 81)"
18.91, pB.0001.

fMRI results

Contrasting self-referencing versus social desir-
ability judgments (regardless of rating) revealed
activity in posterior cingulate cortex (Brodmann’s
area (BA) 30 [$6 $57 19]), medial prefrontal
cortex (BA10 [$3 56 11] and [0 55 $5]), and in
right superior frontal cortex (BA8 [21 38 50], see
Figure 3A). Extracting signal change during these
conditions from regions of MPFC and PCC
defined in our previous study (Moran et al.,
2006) revealed relatively greater activity during
SELF relative to SOCIAL trials in both regions
(Figure 3B). To investigate these activations
further, a 2 (self-relevance)#2 (explicit task)
ANOVA was performed for both MPFC and
PCC. This ANOVA revealed in MPFC a signifi-
cant main effect of task, F(1, 28)"5.218, pB.05,
such that activity was higher in this region for
SELF relative to SOCIAL trials. Further, there
was a significant interaction, such that activity
was higher for high vs. low self-relevant items,
F(1, 28)"6.972, pB.05, but only during SELF
trials. In PCC a main effect of task emerged, F(1,
28)"13.790, pB.001, but there was no significant
interaction between task and self-relevance,
F(1, 28)"2.576, pB.13.

Next, we investigated regions whose activity
increased in a linear fashion with increasing self-
relevance ratings, either explicitly during the
SELF judgment task or implicitly during the
SOCIAL judgment task. Regions that showed a
positive relationship with explicit self-relevance
ratings (pB.005, k"10) included medial prefron-
tal cortex (BA10 [$3 63 $3] and left caudate
nucleus [$9 17 $6]) (Figure 4). Regions that
increased their activity with implicit self-relevance
included right globus pallidus [18 $3 $2] and

Figure 2. Response latencies were shorter for SOCIAL than SELF trials (pB .0016). Response latencies were also shorter at the
tail ends of the scale (‘‘1’’s and ‘‘4’’s quicker than ‘‘2’’s and ‘‘3’’s, pB .0001) regardless of task. A significant interaction (pB .0025)
between task and rating type revealed that subjects responded more quickly when making ‘‘1’’, ‘‘2’’, and ‘‘4’’ responses during
SOCIAL vs. SELF judgments (all p valuesB .01), but not when making ‘‘3’’ responses (p! .05). Error bars indicate SEM.
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medial frontal gyrus (BA9 [18 31 26]). Regions
that showed this relationship with both explicit
and implicit self-relevance were limited to the left
caudate nucleus [$12 17 $6].

Regions that increased their activity linearly
with increasing social desirability during the
SOCIAL task were limited exclusively to left
insula [$36 0 0]. No voxels increased their
activity with implicit social desirability during
the SELF task.

EXPERIMENT 1 DISCUSSION

These findings both replicate and extend the
extant literature on self-referencing and CMS
activity. First, these results demonstrate that
explicit self-referencing produces greater neural
activity in both vMPFC and PCC relative to a
control semantic task. Importantly, these results

Figure 3. (top) Regions showing increased activity during self-referencing relative to social desirability rating. (bottom) Extracting
parameter estimates from regions of PCC and MPFC defined in a contrast of increasing self-relevance in Moran et al. (2006)
revealed increased activity in both regions during self-referencing relative to social desirability rating, and increased activity in
MPFC with greater self-relevance, but only during self-referencing.

Figure 4. Regions increasing their activity linearly with
increasing self-relevance, while subjects rated items for their
self-relevance (explicit self-relevance ratings), included
MPFC. Only the caudate nucleus showed this relationship
with self-relevance during ratings of social desirability (im-
plicit self-relevance ratings, not shown).
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are not a function of task efficiency, as subjects
were significantly slower to respond during SELF
than SOCIAL trials. This finding argues against
the notion that task-independent decreases in
CMS are necessarily related to the degree of
difficulty of the goal-directed task, regardless of
that task’s nature, and is line with other reports
of self-referential processing tasks (Kelley et al.,
2002).

Secondly, our findings also replicate those of
Moran et al. (2006) and Phan et al. (2004) in that
MPFC activity during self-referencing increases
linearly as a function of differences in individual
item self-relevance. Further, a significant interac-
tion between self-relevance and task condition in
MPFC demonstrated that activity increased as a
function of self-relevance in this region, but only
during trials on which subjects explicitly self-
referenced. Thirdly, it did not emerge that CMS
activity increases with self-relevance regardless of
subjects’ attentional focus. That is, when subjects
were engaged in a task that did not encourage
self-reflection, trait adjective self-relevance did
not modulate CMS activity. This finding suggests
that activity in CMS is not purely a function of
item-to-item differences in self-relevance (in the
case of trait adjectives), but may require explicit
self-referencing.

Experiment 2 seeks to clarify these findings by
using information that is overtly and potently self-
relevant as stimuli. That is, it seems likely that
subjects simply do not identify with trait adjec-
tives at a general level. However, it seems
possible that highly relevant personal information
could produce self-referencing even during a task
that does not explicitly demand self-referencing.
To this end, we modified a paradigm previously
used in an ERP study by Gray, Ambady, Low-
enthal, and Deldin (2004). Subjects viewed per-
sonal semantic facts that they had provided prior
to the scanning session. These were intermixed
with non-self-relevant items from the same cate-
gories of personal information. Some items were
presented in a different color font (oddball
items). Subjects performed a simple vigilance
task in which they responded when the presented
word was shown in green rather than white font.
This paradigm previously revealed increased
attention, as measured with ERPs, when viewing
both self-relevant and oddball items (increased
P300 response). We expected to demonstrate
increased activity in the CMS when subjects

were passively viewing self-relevant stimuli rela-
tive to oddball and control stimuli. In addition, we
expected to reveal activity in classical attention
regions during the presentation of both self-
relevant and oddball stimuli, mirroring the ERP
findings of Gray and colleagues.

EXPERIMENT 2 RESULTS

Behavioral results

Behavioral responses were not obtained from one
subject due to equipment error. The results
described in this section are from the remaining
22 participants. On average participants re-
sponded to 97. 9% (95%, SD) of oddball stimuli,
with a mean reaction time of 614. 23 ms (913. 1
ms, SEM), indicating that participants were able
to maintain strong vigilance throughout the
experimental session.

fMRI results

Contrasting ODDBALL trials with NEUTRAL
trials revealed greater activity in lateral parietal
(left, BA40 [$39 $47 52]; right, BA40 [60 $36
45]), inferior temporal (left [X Y Z]; right BA37
[45 $53 $15]) and in bilateral insular cortices
[left [$36 15 0]; right [33 20 2]). Additional
regions activated included left (BA9 [$56 7 27])
and right (BA9 [53 16 27]) dorsolateral prefrontal
cortex (DLPFC) and anterior cingulate cortex
(ACC)/supplementary motor area (SMA) ([0 30
18] and [3 8 46] contiguous).

Contrasting ODDBALL trials against SELF
trials revealed greater activity in M1 (BA4 [$50
$29 54]), ACC (BA24 [3 10 33]), bilateral
posterior parietal cortex (left, BA40 [$39 $27
43]; right, BA40 [59 $39 32]) and bilateral insula
(left, BA13 [42 9 0]; right, BA13 [$42 $3 $5]).
These activations are detailed in Figure 5.

Contrasting SELF trials with NEUTRAL trials
revealed greater activity in left (BA10 [$9 48 9])
and right (BA10 [9 50 10]) MPFC and in PCC
(BA23 [$3, $25 29]), regions shown previously
to be engaged during tasks that encourage self-
referential processing. In addition to these re-
gions, activity was also noted in left insular cortex
(BA13 [$33 21 0]), lateral parietal cortex (left,
BA40 [$36 $53 41]; right, BA40 [33 $62 39]),

EXPLICIT AND IMPLICIT PROCESSING OF SELF 203

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
D
a
r
t
m
o
u
t
h
 
C
o
l
l
e
g
e
]
 
A
t
:
 
1
3
:
4
1
 
1
0
 
M
a
y
 
2
0
1
0



in DLPFC bilaterally (left, BA 9/44 [$53 16 32];
right [48 21 21]), SMA (BA8 [3 26 48]), ACC
(BA25 [3 8 $8]) and bilateral caudate nucleus
(left [$6 3 8]; right [9 9 2]).

Contrasting SELF trials with ODDBALL
trials revealed activity in left MPFC (BA10 [$3
53 3]), dMPFC (BA9 [$9 57 30]), and PCC [$13
$55 17]. Additional activations were observed in

Figure 5. Brain activity during passive viewing of oddball stimuli relative to (A) neutral word stimuli and (B) self-relevant stimuli.
Views of medial (top) and lateral (bottom) left and right hemispheres during both contrasts. ACC"anterior cingulate cortex;
SMA"supplementary motor area; M1"primary motor cortex; latPC"lateral parietal cortex; vlPFC"ventrolateral prefrontal
cortex.
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left inferior PFC (BA47 [$50 24 4]) and left
posterolateral temporal cortex (BA21 [$59 $29
1]). These activations are detailed in Figure 6.

To investigate the nature of activity in these
regions further, and to confirm the reproducibility
of activations across differing task paradigms, we

Figure 6. Brain activity during passive viewing of self-relevant stimuli relative to (A) neutral word stimuli and (B) oddball stimuli.
Views of medial (top) and lateral (bottom) left and right hemispheres during both contrasts. MPFC"medial prefrontal cortex;
PCC"posterior cingulate cortex; SPL"superior parietal lobule; vlPFC"ventrolateral prefrontal cortex.
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defined regions of interest based on a contrast of
parametrically increasing self-relevance in our
previous work (Moran et al., 2006). Spheres (8
mm) were created around coordinates in MPFC
[$6, 54, 9] and PCC [$6 51 15]. Average para-
meter estimates across these regions and across
subjects were submitted to separate one-way
repeated measures ANOVAs with the factor
CONDITION. Results from this region of inter-
est analysis can be seen in Figure 7. A main effect
of CONDITION in MPFC, F(2, 44)"6.98,
pB.002, revealed that this region was reliably
more active during SELF trials than during
ODDBALL trials (planned comparison: F(1,
22)"11.437, pB.003), and during SELF than
during NEUTRAL trials (planned comparison:
F(1, 22)"8.169, pB.009), but that activity did not
differ between ODDBALL and NEUTRAL
trials (planned comparison: FB1). A similar
pattern of results in PCC (main effect of CON-
DITION: F(2, 44)"14.774, pB.0001) demon-
strated that this region was significantly
more active during SELF than ODDBALL
trials (planned comparison: F(1, 22)"18.383,
pB.0001), was significantly more active during
SELF than NEUTRAL trials (planned compar-
ison: F(1, 22)"17.814, pB.0001), but that activity
did not differ between ODDBALL and NEU-
TRAL trials (planned comparison: F(1, 22)"368,
p!.25). Interestingly, activity in both regions was
higher during SELF trials than during rest, a

finding that will be discussed in the context of the
default mode literature.

EXPERIMENT 2 DISCUSSION

Common activations assessed with a conjunction
analysis across comparisons of SELF vs. NEU-
TRAL and SELF vs. ODDBALL trials were
found in medial prefrontal (ventral and dorsal)
and in posterior cingulate cortices. Activity in
these regions has been noted across a number of
functional imaging studies of self-referential pro-
cessing, as reviewed in the meta-analysis by
Northoff et al. (2006). Two factors not noted
previously in the literature are that self-relevant
material modulates CMS activity regardless of
task demands (more specifically in the absence of
any task), and that activity in vMPFC has
deflected positively from a low-level fixation
control condition (Gusnard & Raichle, 2001;
Ingvar et al., 1979; Raichle et al., 2001; Shulman
et al., 1997).

These findings indicate that CMS activity is not
dependent on explicit task demands. MPFC and
PCC increased their activity in response to self-
relevant information when subjects were in-
structed to view this information passively. Most
strikingly, relative activations occurred here re-
gardless of the comparison condition. The task
and stimuli were identical in the SELF and

Figure 7. (A) Regions of MPFC and PCC were defined based on a contrast of increasing self-relevance in the report of Moran et al.
(2006). (B) Extracting signal change from regions in MPFC (left) and PCC (right) revealed greater activity when viewing self-
relevant stimuli than when viewing either neutral or oddball stimuli. Error bars represent SEM.
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NEUTRAL conditions (except for self-rele-
vance), whereas the SELF and ODDBALL con-
ditions differed further in that subjects were
required to make a button press to green stimuli
in the ODDBALL condition. These data support
the notion that CMS are specifically involved in
orienting to and manipulating self-relevant infor-
mation. The fact that these activations are sig-
nificant when comparing identical passive tasks
(SELF vs. NEUTRAL) suggests that this respon-
siveness is not purely task-specific but is depen-
dent on the nature of incoming information. In
previous self-referential processing studies, activ-
ity was noted in these regions when subjects were
asked to reflect on the self-relevance of items
such as trait adjectives and pictures. These
activations are noted regardless of the actual
status of these items; PCC and MPFC respond
during self-referencing whether the information is
deemed self-relevant or not. In this study we have
removed the demand for self-referencing and
demonstrated that broadly equivalent stimuli
produce very different activations depending on
whether those stimuli are self-relevant. In a
passive task such as this, it seems that the most
pertinent explanation for these findings is that
subjects are obligatorily self-referencing upon the
presentation of self-relevant items. These effects
in structures known to be involved in self-
referencing are evidence that self-relevant infor-
mation is able to grab attention regardless of
current processing goals, and points towards the
cortical midline structures as being the relevant
neural substrate for this attention-grabbing effect.

The second striking fact about these findings is
a positive deflection from a low-level baseline in
PCC and MPFC. This finding is inconsistent with
a very broad literature indicating that these
regions typically decrease their activity when
confronted with any task requiring external focus
(Greicius, Krasnow, Reiss, & Menon, 2003; Grei-
cius & Menon, 2004; Gusnard & Raichle, 2001;
Raichle et al., 2001; Shulman et al., 1997; Wicker,
Ruby, Royet, & Fonlupt, 2003; but see Iacoboni
et al. (2004) for increases in PCC and dMPFC
while subjects watched social interactions).
Wicker and colleagues go as far as to argue that
‘‘By contrast, this [medial prefrontal] activity is
greater during resting state than during both
externally directed and internally directed atten-
tion’’ (2003, p. 224). This suggests that having
subjects do anything other than rest (not just
external tasks) would reduce activity in these
regions. Passive viewing of self-relevant stimuli is

undemanding, yet requires some external atten-
tion and the nature of the stimuli certainly
encourages internal attention. Hence, during
self-relevant items, we would expect to see lower
activity relative to rest. How might positive-going
activation in both medial prefrontal and posterior
cingulate cortices be best explained then? One
possibility is that the nature of this study shifts
functional activity during the control fixation
task. Task demands in this study encouraged
constant vigilance as subjects were expecting on
each trial that there might be an oddball target. In
a situation such as this, one might expect an
effortful external focus of attention throughout
the experimental session; that is, whatever pro-
cessing occurs during typical passive rest condi-
tions is attenuated as subjects continually monitor
the external environment. Because of this, activity
in default network regions likely decreased dur-
ing the fixation trials and these regions appear to
activate in response to self-relevant items.

GENERAL DISCUSSION

The goals of the studies reported here were
twofold: We attempted to extend the literature
on self-referential processing by measuring brain
activity when task demands did not require self-
referential processing, and to characterize further
how differences in item-to-item self-relevance
affect neural activity. Results from these experi-
ments argue that the main factor in activating
CMS in experiments of self-related cognition is
the degree to which subjects are self-referencing,
whether that self-referencing is encouraged by
task demands or by the self-relevant nature of the
stimuli themselves.

Recent theoretical advances suggest a func-
tional distinction between dorsal and ventral
aspects of MPFC (Northoff & Bermpohl, 2004;
Northoff et al., 2006). This position holds that
ventral MPFC is engaged in the representation of
stimuli as self-relevant, while dorsal MPFC is
concerned with the evaluation of self-relevant
stimuli. Activations in the present report were
noted in ventral MPFC in Experiment 1, and in
both dorsal (compared with oddball stimuli) and
ventral MPFC (compared with both oddball and
neutral stimuli) in Experiment 2. Thus, it appears
that both trait adjectives (in the context of
explicit task demands) and personal semantic
facts drive ventral MPFC in the representation
of stimuli as self-relevant, whereas only personal
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semantic facts drive dorsal MPFC by their eva-
luation. These results, in the context of Northoff’s
theoretical perspective, suggest that personal
semantic facts encourage greater demands on
the evaluative system than do trait adjectives,
but that both types of stimuli warrant representa-
tion as self-relevant. Indeed, it is likely that
personal semantic facts encourage other pro-
cesses beyond those promoted by the processing
of trait adjectives, such as autobiographical mem-
ory retrieval.

Recent functional imaging studies suggest a
potential role for medial prefrontal cortex in
maintaining attention to external stimuli (the
‘‘gateway hypothesis’’; Burgess, Simons, Du-
montheil, & Gilbert, 2005). It seems unlikely,
given the present data and the consistency of
findings linking MPFC with self-referential pro-
cessing regardless of conceptual and perceptual
domain, that this could be the case. Some have
argued that MPFC activity attenuates whenever
a goal-directed task of any kind is given (Raichle
et al., 2001). The current data argue that MPFC
activity is attenuated whenever the subject is not
self-referencing, i. e., its activity did not differ
between passive viewing of control stimuli and
responding to green stimuli, but was attenuated
during both, and not during a condition where
the stimuli encouraged self-referential proces-
sing. We argue that baseline resting and self-
referential processing then are potentially
equivalent neurocognitive states; it seems that
requiring self-referential processing or letting the
subject decide for themselves what to think
about alone will avoid attenuation of activity
from baseline in MPFC. Further work to test this
hypothesis might vary task difficulty while keep-
ing stimuli equally self-referential between con-
ditions. It appears from the current results, and
many other behavioral studies before them (cf.
Bargh, 1982), that subjects are obligatorily self-
referencing in the presence of self-relevant
information, and thus we would predict that
MPFC would respond in both conditions, regard-
less of differences in task difficulty. Further work
is needed, but a case is being built for the
argument that MPFC activity serves to index
access to the stream of consciousness.

More complex is the nature of PCC involve-
ment. In Experiment 2, we showed that PCC
activity mirrored that of MPFC. This region

increased its activity in response to self-relevant
information, and did not differ from baseline for
either ODDBALL or NEUTRAL stimuli. Most,
if not all (see Iacoboni et al., 2004) neuroimaging
studies to date have reported task-dependent
decreases in PCC activity, such that its activity
will attenuate when subjects are engaged in an
external task. Again, we posit that the lack of
negative deflection from baseline here represents
a shift in activity during our fixation control task
during this study. Since subjects were remaining
in a state of constant vigilance, default mode
network regions were less active during ‘‘base-
line’’. PCC activity has been noted most specifi-
cally during tasks that permit self-referential
processing (for review see Northoff & Bermpohl,
2004; Northoff et al., 2006), and during memory
tasks that encourage episodic or autobiographical
retrieval (for review, see Cabeza & Nyberg, 2000).
A recent review by Cavanna and Trimble (2006)
of the anatomy, physiology and function of the
precuneus and connected retrosplenial/posterior
cingulate cortices noted that recent findings
suggest a central role for the precuneus in tasks
such as visuo-spatial imagery, episodic memory
retrieval and self-processing operations. They
argue further that the precuneus is involved in
the interwoven network of the neural correlates
of self-consciousness, and is engaged in self-
related mental representations during rest. In an
early PET study of focused (‘‘taking a history’’)
and unfocused episodic memory retrieval the two
regions commonly activated across both memory
conditions were precuneus and medial inferior
prefrontal cortex, suggesting that these activa-
tions ‘‘may reflect the time-linked components of
both aspects of episodic memory, and permit
human beings to experience personal identity,
consciousness, and self-awareness’’ (Andreasen,
O’Leary, Cizadlo, Arndt, & Rezai, 1995, p. 1576).
Further, Wagner, Shannon, Kahn, & Buckner
(2005) suggest that activity in PCC/precuneus
may index differences in memory strength inde-
pendent of emotional significance (e. g., remem-
bering vs. knowing) and may function to shift
attention towards the internally generated repre-
sentations that typically characterize episodic
memories.

Taken together, these two strands of research
converge nicely on the notion that these regions
in medial parietal cortex are specifically engaged
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by retrieving and attending to personally salient
episodes*in short, subserving autonoetic con-
sciousness (Tulving, 1985). In other words, ‘‘ex-
plicit autonoetic consciousness is thought to
emerge by retrieval of memory of personally
experienced events (episodic memory)’’ (Lou
et al., 2004, p. 6827). Lou and colleagues applied
transcranial magnetic stimulation (TMS) to par-
ietal cortex during memory retrieval. Speed and
efficiency were affected only when the referent of
retrieval was the self, and only when TMS was
applied to parietal cortex. These results argue
that posterior cingulate cortex activity reflects
autonoetic consciousness and the manipulation of
information and memories that are relevant to
the self.

In this context, the interpretation of findings in
our experiments is clear. Greater PCC involve-
ment during SELF relative to ODDBALL and
NEUTRAL trials (which did not differ from one
another) in Experiment 2 reflects the greater
autobiographical memory retrieval and autonoe-
tic consciousness processing encouraged by self-
relevant material in the absence of specific task
demands. Since trait adjectives are unlikely to
encourage this type of processing unless task
demands require it, there was no activity asso-
ciated with self-relevance in the absence of self-
referencing during Experiment 1.

Recent work by Johnson and colleagues (2006)
suggests that activity in PCC during self-referen-
tial processing may be associated with experien-
tial self-reflection, an interpretation entirely
consistent with the pattern of findings from these
two experiments.

The present experiments demonstrate specific
involvement of medial prefrontal and posterior
cingulate cortices in the processing of overtly self-
relevant information in the absence of task
demands. Bargh (1982; Ferguson & Bargh, 2004)
has written persuasively and extensively on the
nature of automatic attention to self-related
stimuli. He assumes that ‘‘people develop auto-
matic attention responses to self-relevant infor-
mation’’ (1982, p. 427). These findings in concert
with other neuroimaging results suggest that
Bargh’s automatic attention to self-relevant sti-
muli may be mediated by cortical midline struc-
tures that in part are responsible for ongoing
attention to the stream of consciousness. Future
research equating self-relevance but varying task
difficulty across conditions should demonstrate

involvement of these regions regardless of diffi-
culty, strengthening the claim that self-referential
processing and baseline resting are functionally
equivalent neurocognitive states.
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