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Using fMRI, we studied the neural correlates of self-referential pro-
cessing by comparing BOLD signal changes during self and mother
conditions of a self-reference effect (SRE) task. Conjunction analysis
of these two conditions showed several common areas of significant
activation, including the medial aspects of the superior frontal gyri, left
inferior frontal gyrus, bilateral temporal poles, left superior temporal
sulcus and left precuneus. The locations of the 7 strongest peak ac-
tivations for the self condition and for the mother condition were
compared on a subject-by-subject basis in native space. Of the 119
pairs of peaks explored, 87% were located within 2 voxels of each
other, demonstrating the commonality of the brain regions subserving
both self- and mother-referential processing within an individual
subject. In group analyses of the self-referential vs. mother-referential
contrast, small differences in activation strength were observed in the
left superior frontal sulcus, right cingulate gyrus and the left fusiform
gyrus. Greater activation for mother than for self was observed in
bilateral temporal lobes. Subjects also performed a social attribution
task (SAT) in which they inferred mental states about interacting
geometric shapes. Activations from this visual theory of mind task
were compared with the activations demonstrated during self-
referential processing. Striking similarities were found, including
overlapping activations in bilateral medial prefrontal cortices, left
inferior frontal gyrus and precuneus. These data suggest that reflective
analysis of self, mother and abstract others relies predominantly on the
same neural architecture.
© 2008 Elsevier Inc. All rights reserved.
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Introduction

The ability of the human brain to result in the experience of
having a self is an oft-discussed, but little-understood, phenomenon.
Neuroimaging researchers have recently joined the philosophers,
psychologists and neurologists attempting to elucidate theoretical
and neurofunctional models of the self. A key question has been
how neural activity in the brain typically gives rise to a stable and
singular reference we call “self” (Damasio, 1999). The experience of
having a self is inextricably linked to the understanding that self
is distinct from “other.” However, when we think about others we
think about them using similar categories and thought processes
that we employ when thinking about ourselves, and vice versa.
Accordingly, attempts have been made to determine if circuitry
related to self processes are shared by other processes. It remains
unclear whether the brain functions in a unique way when per-
forming certain cognitive tasks that relate to the self, or whether
there are general mechanisms used in common for considering one's
self and close others (Gillihan et al., 2005; Mitchell et al., 2005;
Keysers and Gazzola, 2007).

One method of studying the self was introduced by Rogers and
colleagues (1977). In their work, subjects made different types of
judgments about words, and subsequently performed a recall task
based on those words. Rogers' subjects demonstrated superior
recall for the words about which they had made self-referential
judgments when compared, for example, to the words about which
they had made semantic judgments. This phenomenon of superior
recall of self-referred information has been termed the “self-
reference effect” (SRE). The SRE suggests that the self somehow
functions as “a unique mnemonic structure” within the memory
system (Symons and Johnson, 1997). As such, the SRE provides a
tool with which to investigate whether this “unique” aspect of the
self is perhaps subserved by a unique neural circuit.

Because the SRE entails the superior recall of information that
has been processed relative to oneself, the degree of the effect
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depends in large part on the comparison task; i.e. recall that is
superior to what? A recent meta-analysis concluded that the SRE is
most robust when compared to semantic processing control tasks,
and somewhat less robust when an other-referential (OR) control
task is used (Symons and Johnson, 1997). Furthermore, the mag-
nitude of the SRE depends on the degree of intimacy that the
subject has with the designated other. This has led researchers to
consider the SRE as an extension of the depth-of-processing para-
digm in memory. In other words, the concept of a person, be it self
or intimately known other, provides a “superordinate schema”
(Rogers et al., 1977) by which elaboration and organization can
occur. The question is whether accessing a superordinate schema
about one's “self” is neurofunctionally different from accessing a
superordinate schema about an “other,” and secondarily, if such
differences are best explained by considering different depths of
processing rather than “selfness vs. otherness.”

Neuroimaging studies that have focused on the Self-Referential
(SR) vs. OR comparison have produced mixed results. Some in-
vestigators have designated “others” that are not intimately known
by the subjects (e.g. George Bush, the Danish Queen, and the
Canadian prime minister) (Craik et al., 1999; Kelley et al., 2002;
Lou et al., 2004). These studies consistently demonstrate a SR vs.
OR effect, both behaviorally and neurofunctionally.
Table 1
Summary of SRE encoding studies that have used an intimately known other

Authors Year Design
other

Zhu, Ying. Zhang, Li. Fan, Jin. Han, Shihui. 2007 Mothe
D'Argembeau, Arnard Ruby, Perrine Colette, Fabienne et al. 2007 Close

or rela

Heatherton, Todd F. Wyland, Carrie L. Macrae, C. Neil et al. 2006 Best fr

Zhang, Li. Zhou, Tiangang. Zhang, Jian.
Liu, Zuxiang. Fan, Jin. Zhu, Ying.

2006 Mothe

Ochsner, Kevin N. Beer, Jennifer S. Robertson, Elaine R. et al. 2005 Close
Schmitz, Taylor W. Kawahara-Baccus, T. Johnson, Sterling C. 2004 Close

or rela

†Coordinates from theD'Argembeau andSchmitz studies have been transformed from
cbu.cam.ac.uk/imaging/MniTalairach); names of regions are reported here as design
⁎ant = anterior, L = left, R = right, mid = middle, DLPFC = dorsolateral prefronta
⁎⁎the 2×2 factorial design in this study utilized perspective taking tasks, which arguab
to (close friend), are you sociable?”
An increasing number of studies are utilizing a more intimately
known “other.” Table 1 presents a summary of these studies, in-
cluding the nature of the intimate other designated for the other-
referential condition, locations of significant activations from the
Self vs. Other contrasts, and whether or not the studies included a
condition in which participants were asked if traits were “positive”
or “socially desirable.”As can be seen in Table 1, a consensus about
the neurofunctional correlates of self-referential processing has not
yet emerged from these studies, though Brodmann's Area 10 (BA
10) in the dorsomedial prefrontal cortex continues to be defined as a
region of interest (Moran et al., 2006). The anterior cingulate gyrus
(BA 32) was also identified in 3 of these 6 studies (D'Argembeau
et al., 2007; Heatherton et al., 2006; Zhang et al., 2006).

Three facets of the current study design set it apart from other
SR vs. OR studies. First, all previous studies employed a design
whereby subjects are shown a single word, and asked “Does this
word describe you/other?” In the current study, each stimulus
consisted of a pair of adjectives, and subjects were instructed to
“Choose the word that best describes you/your mother.” This
enabled us to equate words within a pair for likeability thereby
minimizing the desirability effect of the adjectives themselves.
Furthermore, presenting pairs of stimuli and forcing a choice as
opposed to a yes/no answer resulted in a longer response time in
ated Desirability
condition?

Regions activated in Self vs. Other contrast†,⁎

x y z BA

r No −4 46 −6 10 Ventral MPFC
friend
tive

No⁎⁎ −10 46 18 9 L dorsal MPEC
10 44 20 9 R dorsal MPFC

−8 48 −4 10 L ventral MPFC
12 43 −2 10 R ventral MPFC
0 34 −2 32 Ant. cingulate gyrus

−4 −52 38 7 Precuneus
iend No 0 39 17 32 Ant. cingulate gyrus

−9 55 3 10 Middle frontal gyrus
6 58 3 10 Middle frontal gyrus

−45 23 −11 47 L inferior
frontal gyrus

48 34 −12 47 R inferior
frontal gyrus

45 14 −3 47 R inferior
frontal gyrus

59 −38 −1 21 R mid.
temporal gyrus

12 23 54 6 Superior
frontal gyrus

−48 −68 −14 37 L fusiform gyrus
r Yes −14 40 4 32 Ant. cingulate gyrus

−10 48 −2 10 Ant. cingulate gyrus
other Yes No areas activated at pb .005
friend
tive

Yes 26 51 12 − R DLPFC
−28 45 12 – L DLPFC
30 −39 −10 – Parahippocampal

gyrus

MNI to Talairach space using a nonlinear transformation (http://imaging.mrc-
ated by original authors. Only positive (SelfNMother) regions are included.
l cortex, MPFC = medial prefrontal cortex.
ly evoke similarappraisal processes as desirability conditions. E.g. “According
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pilot studies, thereby possibly enhancing the magnitude of the
BOLD signal for each of the main tasks.

Second, because intimacy has effected the magnitude of the
self-reference effect (Symons and Johnson, 1997), it is important to
consider the degree of intimacy between the subject and the other
that is designated in the OR condition. However, using an inti-
mately known other creates a second problem, as it is inherently
difficult to control for intimacy in real-life relationships across
subjects. We speculate that individuals will have a more fully-
developed concept of a person and their attributes the longer that
they have known that person. In the current study, we designated
“mother” as the “other” in the OR condition because we reasoned
that there would be less between-subject variability in the time that
each subject had known their mothers, as opposed to the variability
that might be seen in the length of friend or partner relationships.
Moreover, compared to conditions involving friends or partners,
we hoped that the degree of emotional arousal evoked by the
decision making process during the mother condition would be
more comparable to the emotionality of making decisions about the
self. This speculation is based on the unique role that parents have
in identity formation and attachment (Zentner and Renaud, 2007;
Fonagy et al., 2007). In other words, mother was selected in order
to use a comparison condition that was as close as possible to being
self, while still being “other.”

Third, we speculate that including a condition where subjects
explicitly make desirability judgments primes the participant to
notice and consider the likeability of the stimuli that carries over
into the self and other conditions. Thus, subjects in our study were
not asked to consider the desirability of the adjectives.

Materials and methods

20 healthy participants (11 females, 9 males, mean age±s.d.=
26.4±3.9), with normal or corrected-to-normal visual acuity, were
recruited from the Yale University community. All descriptions of
the study informed subjects that they would be asked “personal
questions about themselves and their mothers” during the ex-
periment. Participants were screened for neurological and psychia-
tric disorders through administration of the Adult Self Report
Inventory (Gadow et al., 1999), and for history of significant
neurological or psychiatric disorders in first-degree relatives using
an in-house self report survey. All subjects gave written informed
consent for this study and were paid for their participation. This
study was approved by the Human Investigations Committee at
Yale University School of Medicine.

Of the 20 participants recruited, 3 were subsequently excluded
from the study. One participant was found to have a gross atypical
structural variation of the hippocampus and surrounding gyri and
could not be anatomically aligned with other normal controls. One
subject did not perform the task as directed, rendering the functional
data unusable. The third subject was an age outlier. Results reported
here reflect data analyzed from the remaining subjects, comprised of
10 males and 7 females (mean age±s.d.=21.5±1.8).

Experimental tasks

All 17 subjects completed three runs of the referential processing
task. After the first 6 subjects had completed the experiment, we
decided to also have the subjects perform the SAT task. Thus, the
subject group for the SAT task is comprised of 11 participants.
Subjects were fully trained for each experimental task prior to
entering the magnet. All stimuli were projected from behind the
subject, and were viewed via a prism mirror system mounted on the
head coil above the subject's nose.

Referential processing task (RPT)
This task is a variant of the original self-reference task first

described by Rogers et al. in 1977 (Rogers et al., 1977). We chose
a block design for this study because we wanted each participant to
consider their self-concept or mother-concept for as long and as
deeply as possible. The block design alternated between three
conditions — Self, Mother and Letter, with the stimuli being word
pairs that participants were required to choose between (e.g. honest
or kind). Participants held a button box in each hand and indicated
their choice of the left or right word with the corresponding button.

Words for the active task blocks came from a list of normalized
adjectives with likeability ratings (Anderson, 1968). This list was
divided by likeability into thirds, and the most and least likeable
words were excluded. Word pairs were formed with similarly
likeable words, and were balanced for word length and number of
syllables. Within each condition, each word was used twice, but in
different pairings. Each condition was comprised of 45 word pairs (9
blocks of 5 word pairs), and each of the 3 functional runs contained 3
blocks of each condition. A 3500 ms prompt screen (either “Self”,
“Mother”, or “A”) introduced each block. The stimulus duration was
also 3500 ms, and the interstimulus interval was 500 ms, resulting in
a total block length of 20 s. Task blocks were separated by 10 s rest
periods, comprised of two grey fixation points in the same location
as the word pairs, upon a black screen. Blocks were counterbalanced
for order of condition appearance within runs.

The Mother condition was completely parallel to the Self
condition, except that the participant chose the word from the pair
that best described his or her mother.

“Letter” was a control condition, requiring participants to
choose the word that contained the letter “a.” Participants were
instructed to read both words during this condition, even if they
found the “a” word first.

Social attribution task
The original social attribution task (SAT) was the work of

Heider and Simmel (Heider et al., 1944), and it was adapted to
fMRI by Schultz and colleagues (Schultz et al. (2003). The task
employs short (approximately 15 s) movies of simple geometric
shapes – a diamond, a circle and a square – moving around a box.
The box has one side that opens like a hinged door, and the shapes
move in, out and around the box in varied ways. In the “Social”
condition, these animations are designed so that the shapes are
personified and follow a social script. For instance, the shapes can
chase each other, play hide-and-seek, or have a fight. The subject
watching these movies is asked to decide whether the shapes are
“all friends” or “not all friends.” This condition was designed to
engage social perceptual and social reasoning processes in the
absence of any actual representations of specific people.

The control “Bumper Cars” condition uses the exact same
triangle, circle, square, and hinged box. However, in this condition
the shapes all move around the center box, and come into contact
with each other and diverge from that contact to varying degrees
and with different velocities. The subject is asked to imagine that
the shapes are “bumper cars” and to decide by watching how they
bounce off each other if the bumper cars are the same or different
weights. Thus, subjects have a social context in mind while viewing
and making inferences in the first set of movies, and a physical
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context in mind while viewing and making inferences in the second
set.

Subjects were presented with a prompt question, either “People…
All friends?” or “Bumper cars…Same weight?” followed by the 15 s
movie. Subjects were asked to answer the prompt question as soon as
the movie was over, but not before. Each condition was comprised of
10 movies, presented alternately across two runs.

Data acquisition

The referential processing task was programmed and presented
using E-Prime software, version 1.1. The SAT task was pro-
grammed and presented using PsyScope version 11.1 (freeware).
Images were back-projected onto a screen near the end of the MRI
gantry. Subject's heads were immobilized using foam wedges and a
strip of tape across the forehead. Responses and response times
were collected via fiber-optic button boxes.

Imaging was performed on a Siemens Trio 3 Tesla scanner with
a standard quadrature head coil. Thirty-four axial inplane ana-
tomical images were collected using the following pulse sequence:
TR=300ms, TE=4. 3D structural imageswere collectedwith anMP-
RAGE sequence (TR=2530, TE=3.66, TI=1100, flip angle=7,
yielding 1 mm3 voxel size). Functional single shot echo planar data
was collected with TR=1950 ms, TE=25, flip angle=60, voxel
Fig. 1. a–c. Referential processing. Composite t-maps displayed on averaged st
comparisons in this figure. a–b. Statistical activation maps demonstrating recruitm
c. Conjunction analysis (Self vs. Letter)^ (Mother vs. Letter) demonstrating those
shown in c combines data from a and b, but excludes regions that were only activat
extracted from the dorsal medial prefrontal cortex, left inferior frontal gyrus and left
change over volumes of time. Talairach coordinates of the peak voxel are in parenth
peak voxel for all significant activations of the conjunction analysis.
size=4 mm3 across 34 slices in the same location as the inplane
anatomical scans.

Data analysis

All data analysis was performed using Brain Voyager QX
Software (Brain Innovation, Maastricht, Netherlands). Functional
runs were pre-processed using 3-dimension (3D) motion correction
and spatial smoothing (FWHM=8mm). No data deviated more than
2 mm in x, y, or z within a run. Linear drift effects were corrected for
using a standard temporal filter function. Echo planar data was
coregistered with each individual's high-resolution 3D anatomical
data set. The 3D image was then transformed into standardized 3D
Talairach coordinate space (Talairach and Tournoux, 1988) using the
standard landmarks with piecewise linear warping. Functional data
was re-sampled to 3 mm3 when it was transformed into 3D Talairach
coordinate space.

Data was modeled following the block design protocol using a
general linear model (GLM). Within each block, individual trials
were modeled with the standard Boynton hemodynamic response
function based on trial level response latencies; pilot data showed
that this mixed-block design provided increased sensitivity and
statistical power (Boynton et al., 1996). Using the GLM, random
effects group composite t-maps were created for specific contrasts.
ructural brain, n=17. False discovery rate (FDR) of .05 was used for all
ent of similar regions in the Self vs. Letter and Mother vs. Letter contrasts.
brain regions that were activated in both Self and Mother conditions. Data
ed during either self- or mother-referential processing. Average time courses
precuneus regions are also provided for each contrast, showing percent signal
eses on each graph. See Table 2 for Talairach coordinates and t-values of the



Table 2
Regions of peak activations during both Self and Mother conditions,
conjunction analysis: (Self vs. Letter)^ (Mother vs. Letter), FDRb .05

Talairach
coordinates

Brain region BA x y z t score p value

Left DMPFC⁎ 8 −9 44 43 8.67 1.9×10−7

Bilateral DMPFC 9/10 −6 50 31 8.44 2.7×10−7

Left inferior frontal gyrus 45 −51 20 16 8.17 4.2×10−7

Left lateral orbital gyrus 47 −45 23 −2 7.19 2.0×10−6

Left temporal pole 38 −45 23 −23 5.80 2.7×10−5

Left precuneus 23/
31

−6 −52 25 5.29 7.4×10−5

Left superior temporal sulcus 21/
22

−48 −37 1 5.16 9.5×10−5

Right DMPFC 8 15 26 49 4.47 3.9×10−4

Right temporal pole 38 42 14 −23 4.07 8.9×10−4

Left cuneus 17/
18

−15 −55 4 3.75 1.8×10−3

Right cuneus 17/
18

12 −70 7 3.81 1.5×10−3

Positive activations only.
*DMPFC = dorsomedial prefrontal cortex.

Table 3
Anatomical distance between peak voxels of activations during Self vs.
Letter and Mother vs. Letter on a subject-by-subject basis in non-talairached
space

Subject No. of peaks within 2 voxels Average distance between peaks

(11.31 mm) mm (±s.d.)

1 6 3.94 (2.07)
2 7 4.63 (2.03)
3 6 3.76 (2.20)
4 7 1.25 (1.64)
5 6 2.55 (1.26)
6 5 3.49 (2.89)
7 5 2.12 (2.69)
8 6 1.80 (1.64)
9 5 4.80 (1.61)
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Statistical significance was evaluated using false discovery rate
(FDR)b .05, which provides family wise control for multiple
comparisons (Benjamini et al., 2001). For the comparison Self vs.
Mother, we explored the data with an uncorrected alpha of .001, as
there were no regions that survived the more rigorous FDRb .05
threshold.

We also wanted to determine the degree to which each individual
subject recruited the same or different brain regions during both self-
and mother-referential processing. In order to better determine the
actual anatomical relationship between self-peaks and mother-peaks
in each subject, the Self vs. Letter and Mother vs. Letter
comparisons were analyzed on a subject-by-subject basis in native
space. In the majority of subjects, there were so many significant
activations that we needed to designate a manageable number of
peaks to assess. Our first priority was to assess the main activations
used by an individual subject. However, we also wanted to account
secondarily for the regions of interest in this study (DMPFC,
anterior cingulate and precuneus in particular). We chose to include
the top 7 peaks because this was the lowest number of regions that
enabled the activations of interest to be captured in the highest
number of subjects. The coordinates of the peak voxel of the 7
strongest activations for each individual for Self vs. Letter were
recorded. These 7 peaks were then cross-referenced with theMother
vs. Letter contrast, and the location of the peak voxel of the closest
distinct and significant activation was recorded. For each individual,
the triangulated distance between these peaks was calculated.
10 6 4.75 (3.95)
11 5 1.10 (2.50)
12 7 4.92 (2.37)
13 7 4.31 (2.68)
14 7 5.20 (2.02)
15 7 3.96 (2.29)
16 5 2.05 (1.94)
17 4 3.64 (3.27)
Average 5.94 (.96) 3.43 (1.35)
Total 104/119
Results

Part I. Referential processing

Behavioral results
An analysis of variance (ANOVA) contrasting the three en-

coding conditions (Self, Mother and Letter) revealed a significant
main effect of response time (F[2,50]=17.97, p b .0001). Posthoc
pairwise analyses showed that response times for Mother and Self
conditions did not differ significantly (t[16]= .19, p=.85), but that
response times for each of these were significantly longer than for
the Letter task (Self vs. Letter, t[16]=8.38, pb .0001; Mother vs.
Letter t[16]=8.12, pb .0001). Mean response time for Self was
1965 ms±487, for Mother 1971 ms±481 and for Letter, 1312 ms±
302.

fMRI results
Fig. 1 shows sagittal and axial statistical parametric maps for

the contrast Self vs. Letter (Fig. 1a) and Mother vs. Letter (Fig. 1b).
Fig. 1c shows the results of a conjunction analysis demonstrating
significant conjoined activations in both Self vs. Letter and Mother
vs. Letter. Areas conjointly activated include the bilateral frontal,
left inferior frontal, left posterior and anterior cingulate gyri. Ave-
rage time courses extracted from the peak activations in the dor-
somedial prefrontal cortex, left inferior frontal gyrus and precuneus
are shown for all three contrasts. Table 2 shows the Talairach
coordinates, approximate Brodmann's area, t scores and alpha
values for the peak activations from the conjunction analysis.

Table 3 is a summary of the degree to which each subject
recruited the same regions during both self and mother conditions,
as measured by a peak-to-peak triangulation. Selecting the top 7
peaks for each subject yielded the following regions of interest:
DMPFC in 15 subjects, superior frontal gyrus (BA 8) in 15 sub-
jects, precuneus in 12 subjects and anterior cingulate gyrus in 8
subjects. Most notably, of the 119 pairs of peaks assessed, 104
(or 87%) pairs were located within 2 voxels of each other, sug-
gesting that each person activated nearly the exact same tissue for
self and mother judgments.

Fig. 2 shows statistical parametric maps for the Self vs. Mother
contrast from the referential processing task. Greater activation for
Self is depicted in three regions (labeled a–c on Fig. 2), including
the right anterior cingulate gyrus, right cingulate gyrus and the left



Fig. 2. a–e. Referential processing: Self vs. Mother. Composite t-maps displayed on averaged structural brain, n=17. Alpha value of b .01 was used for this
display. Regions of the right anterior cingulate gyrus, right cingulate gyrus and left superior frontal sulcus are marked a–c. Regions of bilateral temporal lobes are
marked d and e. Average time courses extracted from these five regions are provided, showing percent signal change over volumes of time, demonstrating a
deactivation for Self in bilateral temporal lobes. Talairach coordinates of the peak voxel are in parentheses on each graph. See Table 4 for Talairach coordinates
and t-values of the peak voxels for all significant activations for this contrast.

Table 4
Regions of peak activations from referential processing task: Self vs. Mother

Talairach
coordinates

Brain region BA x y z t score p value

SelfNMother
Left superior frontal sulcus⁎ 9 −18 29 19 5.22 8.3×10−5

Right anterior cingulate gyrus 32 12 35 13 4.45 .0004
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superior frontal sulcus.1 Figs. 2d–e show greater activation for
mother than for self in bilateral periamygdaloid and temporal pole
regions. Average time courses extracted from these five regions are
also provided in Fig. 2. Of particular note, the time course data for
the temporal pole activations suggest that there was an apparent
deactivation during self-referential processing, with no increase
during mother-reflection, leading to relatively greater activity
during mother than self. The Talairach coordinates, approximate
Brodmann's areas, t scores and alpha values for all peaks present in
this comparison at pb .001 are shown in Table 4.

In order to ascertain the nature of the differences in BOLD
signal change seen in Fig. 2, these regions were explored further
using the contrasts Self vs. Letter and Mother vs. Letter. Com-
paring these contrasts showed that the activations displayed in
Figs. 2a–c do not represent regions that were recruited only during
self-referential processing. Rather, these changes in BOLD signal
depict differences in the strength of shared activations. However,
there was one exception—the greater activations for mother as
compared with self seen in the bilateral temporal lobes did exist as
a true task difference.
Right cingulate gyrus 32 6 35 28 3.94 .001
Left fusiform gyrus† 37 −36 −43 −8 4.78 .0002

MotherNSelf
Right temporal pole (STG) 38 25 14 −26 4.72 .0002
Left temporal pole (STG) 38 −30 5 −19 4.34 .0005
Left anterior cingulate gyrus 32 −3 26 −8 3.88 .001
Part 2. Social attribution task

Behavioral results
During the SAT, participants were instructed to make their

responses after the movie had ended, thus response latencies are
1 The peak of the latter activation (labeled C) is located in white matter in
the group map. When explored on subject-by-subject basis in native space,
this activation sourced from the superior frontal sulcus in 8 out of 17
subjects, from left anterior cingulate gyrus in 5 subjects, and from white
matter on 3 subjects. The depth and location of sulci in the frontal lobes
varied widely between subjects, and likely accounts for the appearance of a
white matter location in the group-averaged activation map.
not informative. The mean percentages correct for the Friends and
Bumper Car conditions were 90.0±9.4 and 80.5±10.9 respectively
(t(df)=2.38, p=.03).
fMRI results
Figs. 3a–c show statistical activation maps for the social

attribution task, Friends vs. Bumper Cars contrast, using a
FDRb .05. This comparison resulted in a widely distributed set of
significant activations. Peak areas included in this network are
pb .001 uncorrected.
STG = superior temporal gyrus.
⁎This peak is located in white matter in the group map. When explored on
subject-by-subject basis in native space, this activation sourced from the
superior frontal sulcus in 8 out of 17 subjects.
†In order to provide a comparison for localization purposes of the visual
word form area of the fusiform gyrus, the contrast (Letter+Prompt vs. Rest)
was used. Coordinates of the strongest activation in this general region from
this reference contrast are x=−36, y=−48, z=−14, t=8.47, p=2.6×10−7.



Fig. 3 a–c. SAT task: Friends vs. Bumper Cars. Composite t-maps displayed on averaged structural brain, n=11. FDR of .05 was used. The comparison
Friends vs. Bumper Cars demonstrates a network of strong activations including bilateral STS, temporal poles, dorsomedial prefrontal cortices and
precuneus. Only positive activations are shown. Talairach coordinates, t-values and alpha values for the peak voxels for all significant activations are
provided in Table 5. d–f. Overlay display: SAT and (Self vs. Letter ^Mother vs. Letter). These images combine activation maps from the referential
processing task (17 subjects) and the SAT (11 subjects) in order to show areas of overlap between these two very different tasks. This is not a
statistical conjunction or contrast analysis, but simply an overlay display tool. Red areas are the activations from the comparison (Self vs.
Letter ^Mother vs. Letter). Blue areas are the SAT activations from the comparison Friends vs. Bumper Cars. Areas of overlap are consequently shown
in purple, and include bilateral medial prefrontal cortices, left inferior frontal gyrus, precuneus and the left superior temporal sulcus (not visible in
these views).
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bilateral MPFC, bilateral ventral pathway including the fusiform
face area, right amygdala (left amygdala activation was present,
but slightly below threshold), bilateral superior temporal sulcus
(STS), and right precuneus. These results are consistent with our
earlier data from this task in which there was no significant
difference in performance between conditions (Schultz et al., 2003).
Table 5 contains the coordinates, t scores and alpha values for these
peaks.

Figs. 3d–f combine activation maps from the self-referential
processing task (see Fig. 1c), and the SAT (see Figs. 3a–c) in order
to show areas of overlap between these two different tasks. It is
important to note that this overlay map is not a statistical analysis,
but is rather a display tool used to show similarities between two
different composite t-maps. Each t-map includes the maximum
number of participants (17 for the referential processing task,
and 11 for the SAT). In order to ensure that the 6 additional
subjects were not driving these results, we ran an exploratory GLM
of the self-reference task with just the 11 subjects who had also
performed the SAT task. This GLM yielded slightly weaker acti-
vations in the same locations as for 17 subjects, ensuring that the 6
subjects are contributing only to the statistical power of the ana-
lysis. Only positive activations are shown in the overlay. Areas of
overlap between the referential processing and the abstract social
processing tasks include bilateral MPFC, left inferior frontal gyrus,
precuneus, and left STS (not shown).
Discussion

This study used a novel version of the SRE paradigm in order to
compare BOLD signal changes during self-referential processing
and mother-referential processing. Though we expected to see
differences particular to the self, what emerged from the data was a
strongly integrated network that was recruited for both mother-
referential and self-referential processing (see Fig. 1, Table 2).
Subject-by-subject localization of the peak voxels of these shared
activations demonstrated that individual subjects were recruiting
the same neural tissue for both conditions (Table 3). Moreover, we
demonstrated self–other overlap using both a verbal other task
(self-referential processing) and a nonverbal task (the social attri-
bution task), and thus the results appear generalizable beyond the
specific task manipulations used here (see Fig. 3, Table 5). This
overlap across tasks is consistent with findings from Saxe et al.
who compared a self-reference task (self vs. semantic) and a false
belief task in the same subjects, and emphasized the overlap in
midline regions (MPFC and precuneus) between the self task and
the false belief task (Saxe et al., 2006). The current study design
utilized comparison judgments, which drove cognitive processes
very strongly, as indicated by the robust activations observed.
Despite this, the only unique region of the brain that was recruited
during self-referential processing was a controversial finding in the
temporal poles (Fig. 2, Table 4).



Table 5
Regions of peak activations from social attribution task: Friends vs. Bumper
Cars

Talairach
coordinates

Brain region BA x y z t score p value

Right STG (posterior) 22/39 45 −43 10 14.66 4.3×0−8

Right STS (anterior) 22/38 57 −7 −11 13.92 7.1×10−8

Left STG (posterior) 22/39 −48 −52 16 13.17 1.2×10−7

Right STS (anterior) 22/38 54 −4 −14 12.88 1.5×10−7

Right STS (middle) 22/21 51 −31 1 12.41 2.1×10−7

Left middle temporal gyrus 39 −39 −67 10 11.92 3.1×10−7

Left STS
(horizontal posterior)

21/37 −51 −52 7 11.51 4.3×10−7

Right fusiform gyrus 37 33 −37 −16 9.01 4.0×10−6

Right inferior frontal gyrus 45 45 23 7 8.76 5.0×10−6

Right DMPFC 9 11 53 28 8.45 7.0×10−6

Left inferior frontal gyrus 10/47 −45 32 −2 7.98 1.2×10−5

Left fusiform gyrus 37 −33 −37 −8 7.02 3.6×10−5

Right precuneus 31 6 −58 31 6.85 4.5×10−5

Right amygdala – 24 −1 −17 6.56 6.4×10−5

Left DMPFC 9/10 −12 41 37 6.23 9.8×10−5

FDRb .05, positive activations only.
STG = superior temporal gyrus, STS = superior temporal sulcus, DMPFC =
dorsomedial prefrontal cortex.
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In the context of a very robust set of shared activations, the BOLD
signal changes that differed between the Self and Mother conditions
presented as small, fine-grained differences. Each of the activations
seen in Fig. 2a–c depicts differences in signal strength in regions that
are recruited during both self- and mother-referential processing (see
Ochsner et al., 2005 for similar results). Of particular note, we did not
see greater activations for Self vs. Mother in the medial prefrontal
cortex (BA 10), which other studies have demonstrated (see Table 1,
also Northoff et al., 2006 for an extensive review). We attribute the
lack of difference between self andmother in this region to intentional
elements of the current design, including the choice of “mother” as a
closely matched other in terms of intimacy and affective salience (see
Zhang et al., 2006 for similar results from a self vs. mother com-
parison), and the use of paired stimuli that enabled subjects to avoid
the conflict-laden process of answering the yes/no or Likert scale
question used in all previous studies (“Does this word describe you/
your mother?”). Within this paradigm, strong activations in the
DMPFC were observed during both self and mother-referential pro-
cessing, indicating that though this areamay be an essential region for
self-referential processing, it was not “unique” to the self when the
task was structured to avoid potential confounds.

The only regions showing unique activations in the Self vs.
Mother contrast were the bilateral temporal poles, which showed
greater activation for mother than for self (Figs. 2d–e). By com-
parison, these activations were weaker than those shared in common
by the two referential tasks. Exact localization of these activations is
complicated by subject-by-subject anatomical heterogeneity, as well
as data distortion in this area that is attributable to the proximity of
air-filled sinuses (Olson et al., 2007). Furthermore, as shown in the
time course data extracted from these regions (Figs. 2d–e), these
activations do not appear to be driven by an above-baseline ac-
tivation for mother. Rather, the significance of these activations
derives from a seemingly event-locked deactivation below baseline
for self. This deactivation was also present when we explored this
region in the contrast Self vs. Baseline, while in the comparison
Mother vs. Baseline, an activation above baseline was seen in this
region. All of these findings together lead us to believe that the
deactivation of Self below baseline is a real finding. Trying to
understand the significance of this finding is not as straightforward.

Cues may be taken from recent work done on biphasic or
dampening patterns of BOLD signal change demonstrated in
hippocampal regions (Astur and Constable, 2004; Rekkas et al.,
2005; Meltzer et al., in press). In these studies, deactivations in the
hippocampus were observed during tasks that were proven to
require recruitment of the hippocampus. As such, the deactivations
were known to be in some way related to increased activity. If what
we have seen in the current study is similar to these deactivations,
the temporal poles may in fact be more active during the self
condition. Such a claim might be particularly interesting in the
context of a suggestion by Olson et al., who propose that the
temporal poles are involved in the storage of perception–emotion
linkages, “forming the basis of personal semantic memory” (Olson
et al., 2007). However, given that the basic physiological sig-
nificance of the deactivation pattern of signal change in the tem-
poral poles is not yet established, it is difficult to do anything more
than speculate about the significance of this finding.

Overall, the differences between self-referential processing and
mother-referential processing are quite small, and in most cases,
represent differences in degree of activation rather than the re-
cruitment of unique “self” regions. What is clear from the data is
that self-referential processing predominantly relies on a concerted
neural network that is recruited during self processing, mother
processing, and more abstract social processing.

We believe that the similarity of the self and other networks
results from a thoroughly integrated system of self-cognition and
other-cognition that is a product of early child development. Within
the resultant network, the skills, ideas, beliefs, organizational
systems and assumptions used in dealing with the internal world of
one's own mind are also used when dealing with the external social
world. As such, these data provide a neurofunctional representation
of an interdependent system of social and self-cognition that many
clinicians, researchers and developmentalists endorse (Aron and
Fraley, 1999; Decety and Chaminade, 2003; Mitchell et al., 2006;
Saxe et al., 2006; Keysers and Gazzola, 2007; Uddin et al., 2007).
A recent fMRI study by Pfeifer et al. has highlighted the develo-
pmental nature of self- and other-cognition (Pfeifer et al., 2007).
Their study demonstrated differences during self-referential
processing between children and adults, with children demonstrat-
ing greater activation during the self condition than the other
condition (Harry Potter) in the regions of the MPFC, Brodmann's
Area 10, and the anterior cingulate cortex (Pfeifer et al., 2007). As
the authors point out, these findings could be explained by the
different degrees of intimacy and emotionality between self and
Harry Potter. Nonetheless, even if their results are taken more
broadly as social cognitive tasks, the neurofunctional differences
between child and adult systems remain relevant.

There are several limitations to the current study. The contrasts
used in the peak-to-peak comparison of individual subjects were Self
vs. Letter andMother vs, Letter, leaving open the possibility that the
regions investigated were driven by a social cognitive process more
generally, as opposed to self andmother processing in particular. The
use of a less intimately known other as a baseline condition would
obviate central aspects of this problem (see Zhu et al., 2007; Ochsner
et al., 2005 and Lou et al., 2004, for such comparisons). The results
of this analysis should be interpreted accordingly. Conclusions
drawn from the overlay map (Fig. 3) should also be made cautiously,
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as this figure is a visual display of two separate analyses, and is not
itself a comparative statistical analysis.

Conclusions

Our data suggest that cognitive processes that relate to the self
are not neurofunctionally as unique as we intuitively experience
them to be. Furthermore, these results underscore the fact that an
integrated functional relationship exists between social proces-
sing about others and social processing about the self. William
James describes this experientially with regards to one's
immediate family, “[w]hen they die, a part of our very selves is
gone. If they do anything wrong, it is our shame. If they are
insulted, our anger flashes forth as readily as if we stood in their
place” (James, 1918).

Due to the nature of our task design, we can only discuss
reflective aspects of self- and other-referential processing; “pre-
reflective” and automatic self and other representations may in-
volve different brain regions, such as the insula (Keysers and
Gazzola, 2007) or other mirror neuron systems that were not
engaged by the tasks employed here. Given these limitations, we
suggest that reflective social processes are an outward projection of
processes originating in the development and understanding of
one's self. If this view is accurate, it has rather profound im-
plications. For example, in those with great skill in understanding
others, we would predict a well-differentiated understanding of
one's own self. Likewise, in disorders of social cognition we would
predict Theory of Mind deficits concomitant with deficits in
utilizing and accessing a nuanced understanding of oneself. Recent
data from a SRE study in individuals with autism spectrum dis-
orders suggest that in individuals with high-functioning autism,
impairments in self-reference, self-focus tasks, and measures of
alexithymia, coexist with Theory of Mind deficits (Lombardo
et al., 2007).

If it is indeed the case that reflective processes about others
derive from and rely on the same neural architecture that supports an
understanding of self, it may in fact be implausible in future fMRI
studies to subtract out reflective “self processes” from social
cognitive processes. Given the developmental model suggested
here, the intriguing question is not so much what makes something
uniquely “self” in the brain, but rather, what makes something
“other” or “nonself.”
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