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Abstract

Background: An evolutionary explanation concerning neural substrates of the self requires the ability by the brain to coordinate
new sensory information in light of the organisms’ internal states and in the context of its personal history and genetic inheritance.
The aim of the present study was to demonstrate the experimental feasibility of a conception of the self as a distributed system
consistent with predictions derived from evolutionary biology and neuroscience.
Methods: We used a 3T fMRI to compare Self vs. Other conditions in which 90 personality and 90 non-personality trait adjectives
were rated as to whether they applied to Self, Best Friend, or Bill Gates, in a blocked-design paradigm.
Results: When comparing Self vs. Best Friend, we found significant activation in the dorsal posterior cingulate (BA 31), an area
where the brain distinguishes egocentric and allocentric orientation, as well as in the substantia nigra and caudate nucleus, which
are areas that reward successful action in the basal ganglia. We found an overlap of activation in the anterior cingulate cortex (BA
24) between the Self vs. Bill Gates and Best Friend vs. Bill Gates although the activation was greater in the former, as should be
expected within an evolutionary approach.
Conclusions: The present study complements other neuroimaging studies of the self while resolving contradictions and paradoxes
created by more traditional conceptions of the self.
Keywords: Self-attribution, fMRI, neuroimaging, evolutionary explanation, theory of mind, distributed activation in the brain

Introduction

The availability of new brain imaging technologies has placed
within the reach of experimental research questions about
the self that seemed to be the province of philosophy a mere
three decades ago. It is not surprising, then, that the attempt
to understand how the self is instantiated in the brain was
initially viewed with optimism [1-3]. This neuroscience of the self,
however, has recently met with skepticism by several observers.
Contradictory results and paradoxes have led some to argue
that the field is in disarray [4], while others have gone as far as
to conclude that understanding the self may be beyond the
grasp of neuroscience [5].
The problem of elucidating the neural instantiation of the
self stems in part from the fact that the results of brain imaging
studies of self-knowledge vary according to the behavioral
tasks chosen to determine the neural structures of the self [6].
While some studies have subjects perform tasks related to
self-attribution of personality traits using positron emission
tomography (PET) [7,8] or functional magnetic resonance
imaging (fMRI) [9,10], others have emphasized, instead, tasks
involving self-recognition, such as distinguishing between

photographs of self and photographs of others [11-14]. In the
study of Lou et al., [7] for example, regional cerebral blood flow
(rCBF) changes as determined by PET were examined during
a retrieval memory task concerning prior judgments about
personality traits of Self, a close other (Best Friend), and a far
other (the Danish Queen, since the subjects were Danish). Study
results found strong activation of medial prefrontral and medial
parietal/posterior cingulate regions in the performance of all
tasks, consistent with previous studies. Results also found that
recalling self-relevant judgments differentially activated the
right parietal region of the cerebral cortex, whereas judgments
for close other and far other tended to activate instead the left
lateral temporal region.
Results of self-attribution studies find neural activation of the
medial prefrontal cortex (MPFC) as evidence of the self; studies
on self-recognition tasks find correlated activation of the right
prefrontal lobe and regions of the medial and left hemisphere
as evidence of self-awareness and self-knowledge. Gillian and
Farah [4] conclude in their meta-analysis of brain-imaging and
neuropsychological studies of self-knowledge that the claims for
the special status of self-related processing are not supported
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characteristically distributive so as to accomplish complex
tasks, the self should also be expected to be distributive. Thus,
an evolutionary conception of the self immediately avoids all
the difficulties about central and monitoring structures that
Had the points clustered in certain regions or along certain
besieged traditional conceptions. Likewise, a brain-based
networks, the hypothesis of a unitary self system would
conception of the self will recognize that most of our mental
have been supported. However, neither the imaging nor
life, including self-tasks, is unconscious. Even in as simple a
the patient data implicate common brain areas across difmatter as moving, as Francis Crick [20], pointed out, we may
ferent aspects of the self. This is not surprising because
be aware only of the “decision” taken by the brain, “but not
there is generally little clustering even within specific
of the computations [or reasons] that went into the decision”
aspects of the self (p. 94).
(p. 266). Thus the biological conception avoids the conflation
The assumption of the unity of the self, so prevalent since of self with the sense of self, and all the problems that arise
Descartes, receives an intensive critique at the hands of from an undue emphasis on consciousness.
Llinas [15] who concludes that since no structure in the brain
In the present work we report on a self-attribution study
corresponds to a Cartesian self, the self does not exist. This using a blocked-design fMRI paradigm in which personality
conclusion is due, in part to Llinas’s conflation of the self and and non-personality trait adjectives were rated as to whether
the sense of the self, in line with developmental psychology they applied to self or other. The study had four aims to address
research that suggests the self emerges through the infant’s an evolutionary explanation concerning neural substrates of
distinguishing his or her own experiences from those of others the self. First, we examined if there is distributed activation
[16]. Llinas reasons that the self is just an internal perception; in the brain during the self-attribution task. Second, we
but a perception, he points out, is an illusion (other researchers examined whether there is activation in areas of the brain that
would say “construction”) created by the brain, therefore, the respond to a distinction between allocentric and egocentric
“self” is an illusion. Moreover, other theorists who conflate self orientation (i.e., the ability to distinguish between self and
and sense of self often claim that episodic memories help close others in a manner that can be viewed as objective vs
create our sense of self, since they are memories of the very subjective). Third, we took into account that non-personality
actions that have sculpted our personality [17,18]. But Stanley traits are important to the evolutionary needs of the organism
Klein [5] has demonstrated that patients who cannot form by combining personality and non-personality traits in
episodic memories because they have lost their hippocampi the analysis. Another aim was to test a prediction of the
still have a good sense of their personality, even when the evolutionary model to the effect that, since humans are social
animals, we should strongly identify with those close to us,
personality changes.
Nevertheless, it seems to us that the results of competent although not as strongly as with ourselves. To meet the study
experimental research may have appeared contradictory and aims, we tested four hypotheses.We hypothesized that in
paradoxical only because the field has inherited from Cartesian conditions in which personality and non-personalitytraits are
philosophy an untenable non-biological conception of the combined (1) Self conditions would show a different pattern
self. Thinking about the brain in the context of evolutionary of brain activation from those shown by Best Friend (i.e., close
biology, by contrast, leads to an alternative conception that other) and Bill Gates (i.e., far other) conditions; (2) our data
explains the contradictions and dissolves the paradoxes while should exhibit a fair degree of distributive performance by
suggesting new avenues of research [19]. All organisms need the brain in responding to these attribution tasks; and (3) the
to tell self from other, and in highly complex animals, that resulting patterns of activation should show some overlap
distinguishing function is performed mostly by the immune with structures normally involved in preparedness to action
system and by the brain. As a structure that has evolved for (motion). In addition, (4) the Best Friend condition would also
the coordination of external information with information differ from the Bill Gates condition.
about the internal states of the organism, the brain takes into
account previous experience of the organism and its genetic Methods
inheritance (e.g., through basic emotions that will guide Participants
survival, reproduction, etc.). The very functions that distinguish Participants were recruited from the Lawrence Technological
an organism from all others, and that allow it to act as a whole University community and surrounding Detroit metropolitan
with respect to the social and physical environments, are the area and were paid 30 dollars for their participation. The study
included 13 healthy participants who reported no history of
very functions normally ascribed to a self.
Since the brain/self has thus evolved for action, that is, for psychiatric or neurological conditions (6 females; range=18-57
interaction with the social and physical environments, and years; mean age=26.8+/-13.4 standard deviation years). All
such interaction may be very complex, we should expect the participants were right-handed native English speakers with
brain to perform a great variety of tasks as it distinguishes normal or corrected-to-normal vision. Research was approved
self from other. For this reason, and given that the brain is by the Wayne State University and Lawrence Technological
by the evidence and that, despite subjective experiences of
a unified self, there does not seem to be a unitary, common
neural system concerning the self:
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University Ethics Committees; participants gave written
informed consent.

Task design

The study design was a 2x3 within-subjects factorial blocked
design where participants were asked to make reflective
judgments on either “Personality” (P) or “Non-personality” (N)
traits about three target individuals: the “Self” (S) or a familiar
close other “Best Friend” (F) or a familiar non-close other
“Bill Gates” (G). For PS, PF, and PG task blocks, participants
judged on a YES/NO scale if the personality trait applied to
themselves (e.g., “Does the following trait apply to you?”), their
best friend (e.g., “Does the following trait apply to your best
friend?”), or Bill Gates (e.g., “Does the following trait apply
to Bill Gates?”), respectively. On NS, NF, and NG task blocks,
the same YES/NO judgments were made whether the nonpersonality trait applied to themselves, their best friend, or
Bill Gates, respectively.
All participants completed the functional runscorresponding
to the six conditions of the experiment: PS, PF, PG, NS, NF, and
NG. Runs were conducted in the same order across participants,
with approximately 60 sec delay between conditions. Prior
to the beginning of each run, participants were shown the
following visual stimulus presented as a white font on a black
background: “Please press YES or NO immediately after each
trait word. ” Within each run, there were 6 task blocks (active)
and 6 rest blocks (control). Each block was comprised of 15
trials, resulting in 15x6x2=180 trials per run. Task (active) trials
were comprised of a trait word (e.g., “kind” for personality
trait conditions, or “tall” for non-personality trait conditions)
presented as a visual stimulus for 500 ms, followed by a
blank screen for 1500 ms. Participants were instructed to
press either YES (the left push-button thumb response) or
NO (the right push-button response) using the presentation
of the word as a prompt. Each of the 90 personality traits
and 90 non-personality traits were presented at the 2000
ms inter-trial-interval regardless of the participant response
during the prompt. Rest (control) trials were comprised of
the letters “ABCD” presented for 500 ms, followed by a blank
screen for 1500 ms; participants were instructed to press
either push-button immediately following the letters. Stimulus
presentation was implemented with an Avotec MRI projector
system; participants viewed the stimuli through an angled
mirror attached to the head coil.
Note. In the initial testing of our paradigm we followed the
presentation of each trait word with a prompt (“+”), but we
found that participants tended to press the button twice: at
the presentation of the word and at the presentation of the
prompt, even after repeated instructions. Thus we decided
to drop the redundant and potentially confounding prompt.

doi: 10.7243/2052-6946-2-3
Detroit, Michigan. Functional images were acquired using a
gradient echo echo-planar, T2*-weighted image (repetition
time=2 s, echo time=30 ms, flip angle=90o, matrix=64x64,
field of view=256 mm). Thirty slices covering the brain were
acquired with 4x4x4 mm voxels. The first two task and rest
blocks of each run were discarded to allow for T2 stabilization
effects. In addition, high-resolution anatomical T1-weighted
volume scans (magnetization-prepared rapid gradient echo,
MP-RAGE) were obtained for each participant for registration
purposes.

fMRI preprocessing

Participant data were preprocessed using Statistical Parametric
Mapping software (SPM8; http://www.fil.ion.ucl.ac.uk/spm/
software/spm8/). Preprocessing included image realignment,
coregistration, normalization, and smoothing of functional
and anatomical images. To eliminate motion artifacts and
induced displacement, we realigned the functional images
to the first image, and co-registered the functional images to
the MP-RAGE from each participant. Next, functional images
were normalized to the Montreal Neurological Institute
(MNI) template, using the participant-specific transformation
parameters created by fitting the mean functional images
to the single reference Echo Planar Imaging (EPI) standard
SPM template. Normalization allowed for the data from all
participants to be analyzed as group data for placement in
the same anatomical space. Finally, images were smoothed
with an 8-mm Gaussian kernel to decrease spatial noise.

Random effects analysis

Group-wise statistical parametric maps from which inferences
of the anatomical areas that distinguish self vs. others were
drawn on the basis of the general linear model as implemented
in SPM8. Accordingly, linear contrasts were calculated for the
comparisons between conditions, and the contrasts were then
entered into a second level analysis, random effects model.
To account for multiple comparisons, and to account for the
false positive (noise only clusters), additional analysis was
performed based on extraction of fMRI time-series in a priori
regions of interest (ROIs) using a combination of anatomical
and functionally defined ROI masks. These masks were
chosen using WFU_pickAtlas which is based on atlas data [21].
Following this, the segmented priori regions were evaluated
for blur using the FWHM module available as part of AFNI
(http://afni.nimh.nih.gov/afni/). Based on this,significant activation clusters within pre-defined ROI masks were identified
using minimum cluster-size of 30 and thresholding of p<0.001
with correction for multiple comparisons (see critical cluster
size in Tables 1-3) [22,23]. To produce coordinates for reference
to the Talairach and Tournoux [24] brain atlas, MNI coordinates
reported by SPM were transformed using the icmb_spm2tal
fMRI acquisition
coordinate transformation [25] supplied with the JAVA program
Imaging was performed using a 3-Tesla Siemens Verio fMRI gingerALE (http://www.brainmap.org/index.html). Next, the
scanner at the MR Research Lab at Wayne State University, transformed coordinates were processed by the Talairach
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Table 1. Activations Self vs. Best Friend.
Anatomical ROI

Side

BA

Critical cluster Individual
Corrected p-value
extent
cluster extent (Z-value)

Talairach coordinates,
x, y, z

Posterior Cingulate Cortex Right 23

30

154

<.001 (3.71)

4, -46, 24

Dorsal Posterior Cingulate Left

34

315

<.001 (3.57)

0, -46, 26

31

Table 2. Activations Self vs. Bill Gates.
Anatomical ROI

Side

BA

Critical cluster Individual
extent
cluster extent

Corrected p-value
(Z-value)

Talairach coordinates,
x, y, z

Anterior Cingulate Cortex Left

24

32

252

<.001 (5.57)

-2, 38, 0

Limbic Lobe

Left

--

130

460

<.001 (3.54)

-8, -40, -2

Caudate Nucleus

Left

--

30

120

<.001 (2.83)

-10, 22, 0

Table 3. Activations Best Friend vs. Bill Gates.
Anatomical ROI

Side

BA Critical cluster Individual
extent
cluster extent

Corrected p-value Talairach coordinates,
(Z-value)
x, y, z

Anterior Cingulate Cortex

Left

24

32

206

<.001 (4.31)

-4, 38, 0

Anterior Prefrontal Cortex

Left

10

34

522

<.001 (4.22)

-10, 54, 0

Dorsal Anterior Cingulate

Right 32

36

495

<.001 (4.02)

2, 38, -2

Caudate Nucleus

Right --

46

334

<.001 (3.68)

12, 10, 8

Daemon Java program (http://www.talairach.org/daemon.html)
to identify corresponding brain regions.

Results

In contrasting the combined Self and Best Friend conditions
we found several results of interest (Table 1). In support of
Hypothesis (1) we found very significant differential activation
in BA 31 (Figure 1, covering part of the posterior cingulate
gyrus and the medial parietal) and the substantia nigra, and
significant activation in a large variety of regions, including
BA 23, right and left, the caudate tail, as well as, to a lesser
extent, BA 10, which is in the frontal lobe, and the thalamus.
While these results overlap with those of several previous
studies on self-attribution (e.g., [7-14]), it is worth remarking
that in support of Hypothesis (2), in this particular contrast
(Table 1) as in all the others in our study, our results indicate
that indeed a rather large number of structures distributed
throughout many areas of the brain participate in what might
have seem to be the rather narrow task of self-attribution.
Seemingly in support of Hypothesis (3) is the very large
activation of the substantia nigra, which is a key structure in
the basal ganglia that serves to fine-tune successful action
(in Parkinson’s, the failure of the substantia nigra to produce
dopamine is a crucial factor in the subsequent failure of
motion). The caudate nucleus of the basal ganglia is also
activated. It is important to point out that BA 31 has been
identified as important for the distinction between egocentric
and allocentric orientiation, that is, we may consider it as a

15
10
5
0

Figure 1. Activations in dorsal posterior cingulate (BA 31) in
the Self vs. Best Friend conditions. Height threshold corrected
p-value (Z-value) p<0.001 (3.57), Critical cluster extent 34
voxels. Composite picture.

region where the brain objectifies its physical relationship to
the world (e.g., by using landmarks). One interesting aspect
about this finding is that BA 31 is a key region for the brain to
make the distinction between itself and close others.
There are interesting overlaps and differences between the
contrasts Self-Bill Gates and Best Friend-Bill Gates (Tables 1 and 2).
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In the former, the greatest differential activation is in BA 24,
particularly the anterior cingulate cortex (Figure 2), which
supports Hypothesis (1). BA 24 was also the area where the
greatest differential activation during the Best Friend-Bill
Gates condition (see Figure 3), although the activation in BA
24 was not as strong as in the Self-Bill Gates condition. These
results support Hypothesis (4) as well.

Discussion

Our main aim in this study was to demonstrate the experimental

40
30
20
10
0

Figure 2. Activations in anterior cingulate (BA 24) in the Self
vs. Bill Gates conditions. Height threshold corrected p-value
(Z-value) p<0.001 (5.57), Critical cluster extent 32 voxels.
Composite picture.

20
15
10
5
0

Figure 3. Activations in anterior cingulate (BA 24) in the Best
Friend vs. Bill Gates conditions. Height threshold corrected
p-value (Z-value) p<0.001 (4.31), Critical cluster extent 32
voxels. Composite picture.

doi: 10.7243/2052-6946-2-3
feasibility of a conception of the self as a distributive system
consistent with predictions derived from evolutionary biology and
neuroscience. A secondary aim was to employ the evolutionary
approach to understanding the self as the platform to explain
what otherwise may seem like contradictory, puzzling, or even
paradoxical experimental results in the neuroscience of the
self, given the traditional conception derived from Cartesian
philosophy. Our results are very much in accordance with these
aims. Specifically, we found an overlap of activation in the ACC
(BA 24) between the self and close other conditions when
compared to the far other condition (i.e., Self vs. Bill Gates and
Best Friend vs. Bill Gates). We also found a distinction between
self and close other was made in BA 31, the substantia nigra,
and caudate nucleus. The positive result allows us to resolve
the puzzle of an apparent overlap in brain stimulation in the
MPFC between self-attribution and theory-of-mind tasks [36].
In the traditional conception, tasks concerning the self should
instead differentiate the individual from others, including best
friends, and thus should yield dissociation. In the evolutionary
view, some of the same brain areas that we use for thinking
about ourselves may also be used for thinking about those
whose welfare is closely bound to ours.
Our results show that even the task of self-attribution involves
specific brain areas acting in concert to distinguish Self from
Best Friend (e.g., left BA 31 and right BA 23, see Table 1) and
Self from Bill Gates (e.g., left BA 24, left limbic lobe, and left
caudate nucleus, see Table 2). Different aspects of self-attribution
activate different combinations of areas, some of which also
seem coordinated with the brain’s ability to distinguish Best
Friend from Bill Gates. These results concerning the distributive
nature of the self in accordance with an evolutionary approach
to the self are also consistent with the findings of many other
studies that complement ours in expanding the list of areas that
participate in self-tasks. For example, the right frontoparietal
network is involved with recognition of self-photographs [26];
the extrastriate body area (EBA) detects self-generated motion
even in the absence of visual clues [27]; and the superior
temporal sulcus (STS) may be involved in the representation
of observed intentional actions [28]. Also, the EBA works
in cooperation with the STS, ventral premotor cortex, and
the angular gyrus in the posterior parietal cortex [29]. See
Desmurget et al., [30] for the role of the parietal cortex in movement intentions.
An alternative conception of the self that may be thought to
preserve at least a key component of the traditional conception
was offered by Crick and Koch [31]. They argued that even
when we do not seem to be aware of ourselves, as when we
immerse in certain intense experiences, such as listening to
music we love, the monitoring functions by the frontal lobe
would still be carried out unconsciously—the frontal lobe
would still perform a centralizing (self ) function that would
inform the rest of the brain that certain experiences are its
own. Goldberg et al., [32], however, showed in an fMRI study
that very demanding perceptual tasks actually inhibit the
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activation of the frontal areas that should be expected as
part of the self-monitoring functions hypothesized by Crick
and Koch.
Two of our results support the evolutionary expectation of a
connection between the self and preparedness for action. The
first is the activation of key areas of the basal ganglia such as
the caudate nucleus; the second is the differential activation
of BA 31 by the combined Self-conditions in contrast with
the combined Best Friend-conditions, which dovetails with
studies concerning allocentric orientation [33], as elucidated
by Baumann and Mattingley [34].
Our results in the Best Friend vs. Bill Gates contrast are also
consistent with evolutionary expectations that, being social
animals, we should identify with those who are close to us,
although not to the same extent as we identify with ourselves.
Absent an evolutionary framework, however, observers
find it puzzling that self-perception and the perception of
others activate the same brain areas [35]. Mitchell et al., [36]
found similar activation patterns in the MPFC, but favor
an explanation along the lines of Theory of Mind [37,38].
Nevertheless, the puzzle remains as to why brain areas devoted
to Theory of Mind should overlap with those used for selfattribution. In a closer vein to ours, Ochsner et al., [39] found
a convergence of activation in the MPFC for the perception
of a romantic partner.
Furthermore, areas that distinguish both Self and Best
Friend from unfamiliar others are anatomically diminished
in schizophrenics [40], who are presumably deficient at
distinguishing self from other, with serious repercussions to
their ability to function in the world. Our results seem quite
consistent with expectations derived from a natural selection
approach to the self.

Directions for future research

There are several directions for future research suggested
by this study. First, to address a potential study limitation in
which the participant’s gender may have impacted both the
Self vs. Best Friend comparison, and the comparison of Self
and Best Friend vs. the Bill Gates condition, future research
should stratify fMRI results by gender. Second, a promising
direction for future research would be new avenues of research
on the self by implicating self-attribution areas of the brain
in which deficits in activation of the anterior cingulate may
bring about deficits in being able to tell self from non-self,
for example, in mental disorders such as schizophrenia. A
paradigm similar to ours might also be fruitful in a study of
autistics, since they also seem to differ from normals in the
ways in which the brain distinguishes self from others. An
additional study of advanced Alzheimer’s patients, whose self
might also be compromised, would make better use of a selfrecognition paradigm, particularly a self-photo recognition,
since such patients would be expected to have great difficulty
with language tasks.

doi: 10.7243/2052-6946-2-3
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