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Functional imaging studies consistently support the role of the medial
prefrontal cortex to be a part of a functional network of reflective selfawareness. The current study introduces a new linguistic task which (1)
directly compares self-reference and other-reference, and (2) separates
pre-reflective from reflective aspects of self-awareness. Twenty-six
healthy volunteers evaluated trait adjectives in reference to the self or a
close friend while a continuous 30-channel EEG was recorded. Lowresolution brain electromagnetic tomography (LORETA) was used for
statistical brain imaging. As expected, the direct comparison of selfreference to other-reference revealed the MPFC to be significant and
strongly more active during the self-reference condition. Pre-reflective
aspects of self seem to be implemented to a greater degree in the ventral,
reflective aspects of the self in dorsal parts of the MPFC. In the prereflective self condition, brain areas that receive homeostatic afferents
from somatic and visceral sensation of the body such as the insula and
the somatosensory cortex were strongly activated as early as 134 ms after
stimulus onset. The right inferior parietal lobe seems to be involved in
self-referential processing in general.
© 2008 Published by Elsevier Inc.
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Introduction
The capacity to reflect on and evaluate oneself and others is an
important component of human consciousness. Our daily experiences make us feel that we are someone who is experiencing the
world. We commonly refer to this phenomenon by speaking of the
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‘self’ (Ghin, 2003). The self is regarded as a multidimensional
phenomenon (Gallagher, 2000; Damasio, 1998, 2003; James,
1890; Neisser, 1988). Consequently, different perspectives and
definitions on the self exist, and therefore, different tasks have been
constructed to unravel the neuronal basis of the self. Despite the
different material used to induce self-referential processing, many
studies point consistently to cortical midline structures as brain
regions essential for representing, monitoring, evaluating, and
integrating stimuli that are experienced as strongly related to one's
own person (Northoff et al., 2006; Gillihan and Farah, 2005). In
particular, several fMRI and PET studies corroborated activation of
the medial prefrontal cortex (MPFC), while subjects reflected on
their own personality traits or evaluated them as opposed to doing
the same for another person (Gusnard et al., 2001; Kjaer et al.,
2002; Fossati et al., 2003; Johnson et al., 2002; Kelley et al., 2002;
Kircher et al., 2002; Schmitz et al., 2004).
According to William James, any discussion of the self needs to
include the distinction between the self as object (the “Me”) and
the self as subject (the “I”) of experience (James, 1890; Northoff
et al., 2006). Legrand (2003) states that there is an “obvious but
crucial difference between being reflectively conscious of one's
own perspective on the world and being aware of the world from
one's own perspective”. The subjective first-person perspective
(FPP) is thought to be needed to interact with and reflect on objects
or other persons. This aspect of consciousness is thought to occur
pre-reflectively and is the basis upon which any other type of selfconsciousness evolves. In contrast, many imaging studies on
evaluation of trait adjectives focus on the self as object, in other
words, on the self evaluating itself from the third person
perspective (TPP). However, it is possible that while being in the
TPP, reflecting on one's own traits, processes related to FPP may
co-occur. That is, the mental flow, when engaged in higher level
self-consciousness may involve a rapid change from the prereflective FPP to the reflective TPP. This difference on the
phenomenological or cognitive level must be related to specific
neuronal activation.
Gallagher (2000) defines a pre-reflective aspect of the self
which he calls ‘minimal self’. This minimal self enables us to
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perceive ourselves as the immediate subject of experience,
unextended in time. In the verbal domain, this corresponds to the
use of the personal pronoun “I” (Bermúdez, 1998). Gallagher,
referring to Shoemaker (1984), suggests that the access to oneself
in FPP is immediate and non-observational; that is, it does not
involve a perceptual or reflective act of consciousness. In this
sense, the immediate self that is referred to by saying or reading “I”
is the pre-reflective point of origin for action, experience and
thought. Besides this pre-reflective self, many authors assume a
reflective self, which Gallagher denotes as ‘narrative self’. The
narrative self comprises all aspects of our personality and it allows
us to understand ourselves in the continuity of time. Gallagher's
conception of the narrative self is akin to Damasio's (1999)
‘autobiographical self’ while his definition of the minimal self
seems to be related to the “physical self” of William James (1890)
or Damasio's “proto” or “core self”. A description of the different
characteristics of the pre-reflective and reflective self is presented
in Table 1 (for more information about self as a subject or object
see also Legrand, 2007).
In short, the pre-reflective and reflective self are two aspects of
the self that might interact, but still are very distinct. Both are
needed to make an individual feel her- or himself as a unique
personality. While the pre-reflective (minimal) self might also be
present in lower species (as they might feel somehow existing), the
reflective self can only exist in at least partially self-conscious
species, i.e. perhaps in some primates, if not only in humans above
very early childhood.
We are aware of the fact that our considerations about the self
and its different aspects are somewhat “philosophical”. Indeed,
there is a long-standing discussion within the philosophical but
also psychological literature whether a difference between these
distinct view-points (early emphasized by William James) really
exists. Yet, the literature strongly distinguishes the psychological
processes associated with the perception of stimuli representing the
self as subject or as object as it can also be experienced by
ourselves. Each reflection and cognition related to the perception
of the self as subject changes the perspective of the self
immediately to the one of an object: as soon as the “I” reflects
about itself it changes to “me”. In other words, we cannot
contemplate our “self“ as subject but only as an object, since the
perspectives of subject and object exclude each other. This is the
theoretical assumption on which this study is based.
We are aware of the fact that there are currently no specific data
available which are exactly supporting our idea. However, our

Table 1
The different characteristics of the pre-reflective and reflective self
Pre-reflective self

Reflective self

Minimal self
“I”
first person perspective (FPP)
Unextended in time (dateless),
immediate subject of experience,
point of origin for action,
experience and thought
Other denotations: proto self,
core self, physical self
Explored in this study when
subjects are reading personal
pronouns (I / he / she)

Narrative self
“me”
third person perspective (TPP)
“Me” in the continuity of time as a
subject with a personal autobiography,
comprises all characteristics of
the personality,
Other denotations: autobiographical
self
Explored in this study when subjects
are reading trait adjectives

intention was to design a new experimental approach which would
allow us to study the old questions about different aspects of self
awareness in the context of modern cognitive neuroscience. We
intended to exclusively focus on the true separation between the
perception of the self as subject or object.
In this study we will concentrate on these two different aspects
of the self, the pre-reflective and the reflective self, which are both
thought to operate at different time points and to be controlled by
different neural networks. Our subjects viewed sequentially
presented personal pronouns and trait adjectives in three-word
sentences under self-reference and other-reference conditions.
When reading the personal pronouns, subjects performed a prereflective, minimal reference to the self, and when reading the trait
adjectives, they performed a reflective, narrative self-reference.
Using conventional brain imaging methods such as fMRI or
PET, it would be nearly impossible to disentangle these different
aspects, especially the different time course, because of the rather
coarse time resolution of these methods. Therefore, we designed a
high time resolution EEG-experiment in combination with
functional electric brain tomography, allowing the calculation of
the intracerebral sources of EEG activity in the millisecond range.
Most fMRI experiments published so far trying to disentangle
cortical activations to the perception of the self have not
distinguished between the two perspectives (the self as object or
the self as subject). There are only few fMRI studies (e.g., Ochsner
et al., 2005) taking the same approach. However, the new aspect of
our study is to continue the research endeavor to distinguish these
two perspectives by use of electrical tomography, in order to
enhance the time resolution of cortical mapping. Our hypothesis is
that by use of this technique, neural activations associated with the
processing of the self as subject or object will occur at different
time epochs and brain areas.
Based on previous brain imaging experiments, we hypothesize
that the MPFC will be the core region for processes associated with
the control and generation of the reflective self. With respect to the
pre-reflective self, we hypothesize that the insula and somatosensory areas will be involved, reminiscent to brain areas which are
engaged in the control of the proto-self as proposed by Damasio
(Damasio, 2003).
The aim of this paper was to study the dynamic activation of
brain areas involved in pre-reflective and reflective self-reference.
When talking about self-reference, we are assuming a self capable
of linguistic communication—i.e., the person is capable of using
the first-person pronoun (Gallagher, 2000). But because the
mechanisms of the first-person perspective and the reference to a
minimal self remain largely pre-reflective and not accessible to
language, the concept seems to lie between what Gillihan and Farah
(2005) call “physical self” and “psychological self”. Therefore, we
hypothesized that the MPFC would be activated in both selfreference induced by personal pronouns and trait adjectives. In
particular, we suggested that dorsal and lateral parts of this brain
area, which constitute the more cognitive part of the prefrontal
cortex, would be activated in the trait-adjective condition and more
ventral parts in the personal pronoun condition (Damasio, 2003,
1999; Ochsner et al., 2005).
Since we are using a brain imaging method, which allows
cortical mapping of psychological functions in the milliseconds
range, we are able to examine the dynamic evolvement of cortical
activations in the context of self-consciousness. Based on
Damasio's theory of what he calls a proto-self, we hypothesize
that the brain activations during the generation of the pre-reflective
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self will antecede those activations accompanying the generation of
the reflective self.
Materials and methods
Subjects
Twenty-six healthy volunteers (13 females, 13 males, mean age
25, SD 2.8), took part in the study and gave their written informed
consent. All subjects were consistently right-handed (Annett
handedness questionnaire, Annett, 1970) and native speakers of
Swiss German. None of the subjects reported any neurological or
psychiatric disease, prior head trauma, sensory impairment or
subjective cognitive impairment. Besides these exclusion criteria,
subjects were required not to consume alcohol, drugs or any
medication (except contraception) 48 h before the experiment.
After completion of EEG data analysis, two subjects were excluded
from group analysis due to excessive motion artifacts.
Experimental task
Participants were shown 3-word German sentences, word by
word, on a computer screen. They had to make a yes/no decision on
the third word of each sentence. All third words were randomized
trait adjectives in two different conditions: self-reference (SR) (e.g.
“I am happy”), and other-reference (OR) (“She/He is happy”). In the
SR condition participants were required to evaluate if the presented
word was descriptive to themselves, and in the OR condition if they
were descriptive to two close, pre-defined, and equally well known
friends or relatives, one female and one male, whereas romantic
relations were excluded. During the entire experiment subjects were
requested to do the evaluation in the OR condition in reference to the
same male and female person. Participants were informed that the
investigator was blind to their actual response.
Fifty trait adjectives were drawn from the German multidimensional questionnaire “Eigenschaftswörterliste” (EWL-K,
Janke and Debus, 2006). The adjectives describe, covering a
broad spectrum, the momentary mental and physical condition of a
person in the following six fields: performance-related activity
(e.g. eager), inactiveness, extra-/introversion (e.g. social), wellbeing (e.g. happy), emotional bad temper and fear (e.g. nervous).
Twenty-five adjectives of each, positive and negative valence, were
chosen. The same set of 50 trait adjectives was presented in three
different types of sentences, either starting with the personal
pronoun “I”, or “he” or “she”, followed by a corresponding verb,
and ending with one of the 50 possible adjectives, which resulted
in 150 different sentences (e.g. I am shy; she is intelligent). Each
word was presented in the center of the screen for 200 ms,
followed by a fixation cross presented for 500 ms. After the last
fixation cross a question mark appeared until the subject responded
by a key-press on a computer keyboard (right for yes, left for no;
response keys alternated for each experiment). Response and
reaction time were recorded. Subjects were asked to not give the
answer before the appearance of the question mark to avoid
confounding of the ERPs with early motor components.
EEG recording and analysis
A 30-channel EEG was recorded (BrainAmp, BrainProducts,
Germany). Silver/silver-chloride-electrodes placement was aided
by an application cap (Easy Cap System, FMS Falk Minow
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Services, Germany) according to the international 10-10 system,
with the following locations: Fp1/2, F7/8, F3/4, FCz, Fz, FT7/8,
FC3/4, T7/8, C3/4, Cz, TP7/8, CP3/4, CPz, P7/8, P3/4, Pz, O1/2
and Oz. Two electrooculogram (EOG) channels were placed below
the outer canthi of each eye. Recording reference was FCz, with
off-line re-referencing to average-reference. Digital sampling rate
was 500 Hz, on-line filtering 0.1–100 Hz, off-line filtering 0.5–
30 Hz, impedance was kept below 10 kOhm. Subjects were sitting
on a comfortable chair with their head on a customizable head rest
to minimize head motion. The recording room was dimmed and the
subjects were wearing earplugs during the entire recording.
Before the actual experiment, 5 min resting EEG and 1 min
checkerboard stimulation (flickering in 2 Hz between black and
white) was recorded in order to inspect spontaneous EEG and the
visual evoked potential. For the comparison of the personal
pronouns, a control condition was recorded in order to correct for
the different physical features of the words Ich, Sie and Er (I/she/
he), due to the different number of letters. The aim was to ensure
that any difference in brain activation was due to different semantic
meaning of the word and not the different visual stimulation.
Therefore, participants were stimulated in randomized order with
the following letter strings on the center of the computer screen:
“hcI” (for “Ich”), “iSe” (for “Sie”) and “rE” (for “Er”) (exchanged
letter condition, EL). Each letter string was presented for 200 ms.
Subjects had to state if he or she had realized that the exchanged
letters were contrasts of the personal pronouns, and were excluded
from further analysis if this was the case. Afterwards the
participants were stimulated with the three words German
sentences (see Experimental task).
All recorded EEG epochs were carefully and individually
checked for artifacts (e.g. eye blinks, horizontal and vertical eye
movements, muscle artifacts). Epochs that were associated even
with small changes in the horizontal or vertical EOG channel within
the test interval were rejected (amplitude minimum, − 100 μV;
amplitude maximum, 100 μV).
Event-related potentials (ERPs) of 700 ms duration were
calculated after the letter strings of the EL condition, and under the
two conditions SR and OR, after each personal pronoun (prereflective self), and each adjective (reflective self).
Before the actual main comparisons were carried out, the
activation due to the exchanged letters was subtracted from the one
due to the personal pronouns, thus creating a “corrected” ERP contrast used in the statistical analyses. In the trait adjective condition,
brain activation followed by exactly the same visual stimuli but
different instructions was compared and therefore no control condition was needed. For the OR condition, ERPs following words with
male and female reference were summed and averaged.
Several steps of analysis were performed:
1) Analysis of time-average LORETA images: In order to compare
source localization based on EEG data with fMRI findings,
which do not have the fine time resolution in the millisecond
range of the EEG, we compared the SR and OR conditions,
based on the respective time averages over 350 instantaneous
LORETA images from 0 to 700 ms post stimulus (i.e. starting
with the onset of the word), using statistical non-parametric
mapping methodology (Nichols and Holmes, 2002).
2) High time resolution analysis: In order to follow the dynamic
time course of brain activation within the 700 ms time interval, a
topographic analysis of variance (TANOVA, Strik et al., 1998)
was applied to compare ERP maps obtained under different
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Fig. 1. ERP potentials of the four different pre-reflective conditions over 700 ms. Black line: ERP potentials of the pre-reflective self condition (i.e. the averaged
ERPs over all subjects when reading the word Ich (I)); green line: ERP potentials of the pre-reflective others condition (i.e. the averaged ERPs over all subjects
when reading the words Sie and Er (she and he)); red line: ERP potentials of the correction condition “hcI” as ERP over all subjects; blue line: ERP potentials of
the correction condition “rE and iSe” as ERP over all subjects at three midline electrodes Fz, Cz, and Oz. (For interpretation of the references to colour in this
figure legend,the reader is referred to the web version of this article.)
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Fig. 2. ERP potentials of the two reflective self conditions when reading adjectives regarding the subject him-/herself (reflective self condition) and the imagined
others (reflective others condition) over 700 ms. Black line: reflective self condition; red line: reflective others condition. (For interpretation of the references to
colour in this figure legend,the reader is referred to the web version of this article.)

conditions. On a time-frame by time-frame basis, this procedure
tests for differences between scalp potentials (i.e. maps,
topographies). As explained in detail in Strik et al. (1998), these
statistical comparisons are carried out using the non-parametric
randomization methodology, which corrects for multiple testing
(time and electrodes). Periods of ERP maps that differed significantly between SR and OR were denoted as ‘time segments’.
3) For all time segments longer than 10 ms, statistical analyses of
functional LORETA images were performed. This step is
justified because different scalp potentials can only be due to
different neuronal source distributions.
LORETA
LORETA is a method that computes a three dimensional
distribution of electrically active neuronal generators in the brain as

a current density value (A/m²) based on the recorded scalp electric
potential differences (Pascual-Marqui et al., 1994). LORETA
reveals an estimated solution of the inverse problem based on the
assumption that the smoothest of all possible activities is the most
plausible one. This assumption is supported by electrophysiology,
where neighbouring neuronal populations show highly correlated
activity (Haalmann and Vaadia, 1997). Due to the low spatial
resolution property of this imaging method, it should be kept in
mind that localization results might suffer from some uncertainty in
terms of spatial extent.
The version of LORETA employed in this study implies a
three-shell spherical head model registered to the digitized
Talairach and Tournoux atlas (Brain Imaging Centre, Montreal
Neurological Institute). The registration between spherical and
Talairach and Tournoux head geometry used the realistic EEG
electrode coordinates reported by Towle et al. (1993). Source
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Fig. 3. LORETA statistical images comparing self reference to other reference in the pre-reflective self condition. 0–700 ms (time-average). Cortex shown in gray
scale, increased activity (p b 0.01) in the SR condition compared to OR is labeled red. A, anterior; P, posterior; S, superior; I, inferior; L, left hemisphere, R, right
hemisphere. (For interpretation of the references to colour in this figure legend,the reader is referred to the web version of this article.)

solution space was limited to cortical gray matter and hippocampi,
according to the digitized probability atlas provided by the
Montreal Neurologic Institute (number of voxels: 2394, voxel

dimension: 7 mm3). It has been shown in numerous studies that the
method is capable of correct localization with fairly low errors
(Menendez et al., 2001; Phillips et al., 2002), and has received

Fig. 4. LORETA statistical images comparing self reference to other reference in the reflective self condition. 0–700 ms (time-average). Legends and color
coding as in Fig. 3.
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Table 2
Detailed LORETA results of significant differences in brain electrical activity in the time-average analysis (0–700 ms) during self reference compared to other
reference in the pre-reflective (upper part of Table 1) and reflective (lower part of Table 1) self conditions
Time segment
in ms

t-threshold

Pre-reflective self condition
1–700
15.5

Reflective self condition
1–700
11.00

Activation in left hemisphere
Cerebral region Brodmann
areas (xyz-coordinates) [t-value]

Activation in right hemisphere
Cerebral region Brodmann areas
(xyz-coordinates) [t-value]

Activation in medial areas
Cerebral region Brodmann
areas (xyz-coordinates) [t-value]

Insula 13 (−38, − 11, 15) [22.0]
Superior frontal gyrus 10 (− 10, 66, 22) [21.3]
Precentral gyrus 6 (−59, − 4, 29) [18.1]
Inferior frontal gyrus 11 (− 24, 38, −20)
[15.6]

Superior frontal gyrus 6 (25, 10, 57) [18.3]

–

Superior frontal gyrus 10 (− 17, 59, 29) [15.5]
Superior frontal gyrus 6 (− 10, 24, 64) [11.7]
Superior temporal gyrus 21 (− 66, − 18, −13)
[11.6]

Precentral gyrus 4 (60, -− 4, 29) [15.1]
Insula 13 (46, − 11, 15) [12.4]
Postcentral gyrus 43 (53, − 11, 15) [12.4]
Superior frontal gyrus 8 (11, 52, 43) [11.9]
Superior frontal gyrus 6 (18, 17, 64) [11.8]

Medial frontal gyrus
10 (− 10, 59, 8) [13.2]

Numbers in parentheses give MNI coordinates (x, y, z) in mm, for p b 0.01. Brodmann areas correspond to MNI coordinates corrected to Talairach coordinates.

important validation from studies combining LORETA with
functional MRI (Vitacco et al., 2002) and with PET (Pizzagalli
et al., 2004; Zumsteg et al., 2005).
Results
Figs. 1 and 2 show the basic ERP data used in the analyses.

(1) Time-average LORETA analysis: In both the prereflective and the reflective self-conditions, self-reference
induced consistently stronger activation than otherreference. Figs. 3 and 4 reveal the qualitative similarity
of the activation in the two self-referential tasks: Fig. 3
illustrates the LORETA image for the pre-reflective self
condition, and Fig. 4 for the reflective self condition.
In the pre-reflective self condition, SR compared to OR
was characterized by significant differences in the left
insula, the dorsomedial prefrontal cortex (DMPFC), the
ventromedial prefrontal cortex (VMPFC), the right
dorsolateral frontal cortex and in a small area on the left
precentral gyrus. In the reflective self condition, SR
compared to OR revealed significant activation of the
DMPFC, spreading from the right precentral gyrus to the
frontal pole, with the left frontal cortex slightly stronger
activated than the right. Superior and medial frontal gyri on
the right frontal lobe and the underlying insula exhibited
activation. Additionally, the left medial temporal gyrus
showed significant activation. Table 2 provides the details
of significant activations and their locations.
(2) LORETA high time resolution analysis: In the prereflective self condition, as early as 134–170 ms post
stimulus, several regions of the brain were activated
including the left and right frontal and temporal cortex
and insula and midline structures in the anterior cingulum.
In the second significantly activated time segment (198–
234 ms post stimulus), activation was located in the right
inferior parietal lobe, right medial frontal gyrus, and the

precuneus. In the third time segment (418–450 ms post
stimulus), significant differences were found in the right
inferior parietal lobe, inferior frontal gyrus and right
medial prefrontal cortex. In the left hemisphere, regions in
the frontal and temporal lobe including the fusiform gyrus
were activated. In the fourth time segment (458–476 ms
post stimulus), the medial frontal cortex, including parts
of the anterior cingulum, as well as right frontal and
precentral–parietal regions and the insula showed significant activation. For details see Fig. 5 and Table 3.
Interestingly, in the reflective self condition the TANOVA
analysis revealed only one time segment with significantly different activation, lasting from 254 to 264 ms
post stimulus, with significant difference in the right
inferior parietal lobe. For details see Fig. 6 and Table 4.
Discussion
The results of the present study shed new light on the time
course and the different neuronal networks involved in the
implementation of the pre-reflective and the reflective self
reference. Both are implemented at least partially in distinct brain
areas. During the entire first 700 ms after stimulus presentation,
activation in the pre-reflective self condition was located in the left
insula, the dorsal and ventral MPFC, and left precentral gyrus.
During the reflective self condition, activation was located in the
dorsal MPFC, right insula, right precentral gyrus, and right
superior and medial frontal gyri. Furthermore, EEG high time
resolution revealed different activation in the pre-reflective self
condition, as early as 134 ms post stimulus, repeatedly involving
the insulae and the right inferior parietal lobe.
The pre-reflective self is thought to consist of two closely
related aspects: the sense of agency and the sense of ownership,
e.g. the sense that I am thinking my own thoughts or that it is my
body that is moving. Sense of agency has been investigated by
manipulation of experienced agency, imagery of actions or
imitation of other persons (Blakemore and Frith, 2003). Farrer
and Frith (2002) revealed that being aware of causing an action is
associated with activation in the anterior insula, whereas attributing
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Fig. 5. LORETA statistical images for the time-dependant comparisons of self reference to other reference in the pre-reflective self condition. First row: 134–
170 ms. Second row: 198–234 ms. Third row: 418–450 ms. Fourth row: 458–476 ms. Legends and color coding as in Fig. 3.

it to another person is associated with activation in the inferior
parietal cortex. Furthermore, simulation of one's own actions from
the first versus third person point of view led to activation in the
inferior parietal cortex, insula and somatosensory cortex in the left
hemisphere (Ruby and Decety, 2001). In a fMRI study of Vogeley
et al. (2001), subjects read short stories written either from a first
person perspective or from a third person perspective and were
afterwards asked to ascribe adequate behavior, attitudes, or
perceptions according to the given plot. Self-perspective led to
enhanced neuronal activity in the right temporoparietal area and the
anterior cingulum. The current study extends these findings and is
the first one that introduces a linguistic task in order to activate the
networks underlying both, the sense of agency aspect of the prereflective self and the reflective self.
A major finding of the present study is the differential
involvement of the ventral and dorsal parts of the PFC. In the
reflective self condition, only dorsal parts of the MPFC were
activated, while the pre-reflective self condition showed strong
involvement of the ventral MPFC. Imaging studies and neuroanatomical findings suggest a functional distinction between the
ventromedial (VMPFC) and the dorsomedial prefrontal cortex
(DMPFC). The first is more involved in emotional and affective

processes and the latter in complex cognitive operations (for
review see Drevets and Raichle, 1998; Kringelbach and Rolls,
2004). This suggestion is supported by neuroanatomical findings,
revealing dense interconnections of the VMPFC with brain areas
associated with emotional and motivational processes (the nucleus
accumbens, the amygdalae and the basal ganglia). The dorsal areas
lack these strong links to emotional and motivational areas.
According to (Ochsner et al., 2005) this pattern of neuroanatomical
interconnection might facilitate the re-representation of the
information in the DMPFC in a symbolic (emotion-free form)
supporting explicit reasoning about these states. In the current
study, the reflective self condition produced a robust activation in
the DMPFC, showing no activation in the VMPFC, in the timeaverage condition as well as in the time-dependant condition. In
contrast, the pre-reflective self condition activated large parts of the
VMPFC, and lesser activations in the DMPFC. Our findings
support the involvement of the DMPFC in more cognitively
oriented tasks such as evaluation of trait adjectives, as well as the
involvement of ventral parts of the MPFC in more intuitive,
affective and thus pre-reflective forms of self-referential processing. The concept of the pre-reflexive minimal self is defined as
‘consciousness of oneself as an immediate subject of experience,
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Table 3
Detailed LORETA results of the high time resolution analysis with significant differences in brain electrical activity during self reference compared to other
reference in the pre-reflective condition
Time segment
in ms

t-threshold

Activation in left hemisphere
cerebral region Brodmann areas
(xyz-coordinates) [t-value]

Activation in right hemisphere
cerebral region Brodmann areas
(xyz-coordinates) [t-value]

Activation in medial areas
cerebral region Brodmann areas
(xyz-coordinates) [t-value]

134–170

4.58

Insula
13 (39,-4,8) [6.3]
Middle temporal gyrus
20 (53,-4,-34) [5.3]
Middle frontal gyrus
6/10 (39,-4,57)[4.8]
Superior frontal gyrus
6/10 (18, 59, 15) [4.8]
Postcentral gyrus
1 (67, − 25, 36) [4.6]

198–234

4.61

Inferior temporal gyrus
20 (−45, − 25, − 27) [7.1]
Superior frontal gyrus
10 (−24, 45, 29) [6.6]
Precentral gyrus
6 (−59, 3, 22) [5.6]
Superior frontal gyrus
8 (−24, 17, 43) [5.6]
Fusiform gyrus
20 (−52, − 46, 22) [5.5]
Inferior frontal gyrus
10/11 (−38, 52, 1) [4.9]
Insula
13 (−45, − 4, 8) [4.6]
–

Anterior cingulate
24/32 (-3,24,22) [5.6]
Cingulate gyrus
24/32 (-10,31,29) [5.6]
Anterior cingulate
24/32 (-10,45,-6) [5.4]
Medial Frontal Gyrus
10 (11,38,-6) [5.4]
Medial Frontal Gyrus
10 (-3,45,-6) [5.4]
Cingulate gyrus
24 (-3,-11,29) [5.1]
Superior parietal lobe
7 (-10,-74,57) [5.0]
Precuneus
7 (4,-60,50) [5.1]

418–450

4.53

458–476

4.62

Inferior temporal gyrus
20 (−59, − 25, − 27) [5.5]
Fusiform gyrus
37 (−59, − 53, − 20) [5.4]
Superior temporal gyrus
22 (−52, − 18, − 6) [4.7]
Inferior frontal gyrus
47 (−17, 24, − 20) [4.7]
Superior temporal gyrus
22 (−52, − 18, − 8) [4.7]
Inferior frontal gyrus
46 (−52, 31, 15) [4.6]
Supramarginal gyrus
40 (−59, − 60, 36) [4.6]
Precentral gyrus
3 (−66, −11, 29) [4.6]
Precuneus
19 (−38, − 81, 36) [4.6]
–

Inferior parietal lobe
40 (46, − 60, 43) [5.1]
Middle frontal gyrus
46 (46, 17, 29) [5.1]
Inferior parietal lobe
40 (60, − 39, 36) [7.1]
6 (60, − 4, 36) [5.1]
Inferior frontal gyrus
47 (46, 31, −13) [4.4]

Precentral gyrus
6 (60, − 4, 36) [6.9]
Middle frontal gyrus
6 (32, − 4, 50) [5.5]
Superior frontal gyrus
10 (25, 66,15) [5.4]
Insula
13 (46, − 11,8) [5.0]
Superior parietal lobe
7 (18, − 74, 57) [4.7]

Medial frontal gyrus
11 (11, 66, -13) [5.2]

Anterior cingulate
32 (-3, 38, -6) [8.0]
Medial frontal gyrus
11 (4, 45, -13) [8.0]

For details see legend of Table 1 and text.

unextended in time’ (Gallagher, 2000). Thus, we suggest that the
concept of a minimal self is associated to a large extent with
neuronal activation in the VMPFC and could be distinguished from
the reflective and conscious narrative self, associated with neuronal
activation in the DMPFC.
Activation of the MPFC seems to be essential for selfreferential processing. Moran and colleagues (2006) found
interesting results in a fMRI study comparing affective and
cognitive aspects of self reflection. Their subjects had to decide if
adjectives would describe themselves or not, but there was no

comparison with others. Activation during the task was found in
the MPFC, ventral anterior cingulate and posterior cingulate
cortex. The authors distinguish between neural circuits for
cognitive aspects of self-reflection, i.e. the personal relevance of
information with activation in MPFC, and emotional aspects of
self-reflection with activation in the ventral anterior cingulate
cortex. Since we did not consider the valence of the presented
stimuli in our study, we cannot distinguish if activation found in
our study in MPFC and anterior cingulate cortex are a result of
cognitive or emotional processes during self-reflective processes.
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Fig. 6. LORETA statistical images for the time-dependant comparison of self reference to other reference in the reflective self condition. 254–264 ms. Legends
and color coding as in Fig. 1.

Interestingly, we found weaker activation on the right-sided
MPFC in the self reflective condition compared to the prereflective self condition. Stuss et al. (2001) showed that patients
with right hemispheric MPFC lesions were incapable of discovering the deception of a protagonist, a task requiring attribution of
mental state. Similarly, Vogeley et al. (2001) showed in their fMRI
study that first and third person perspective activated overlapping
regions in the right prefrontal cortex. Yet, in the present study, no
prominent right-sided activation in the MPFC could be found.
Possibly, the right MPFC was activated during SR and OR, and the
direct comparison resulted in an elimination of the activation.
Comparison to a baseline condition might have answered the
question of ‘shared representations between self and other’ (Decety
and Sommerville, 2003; Lawrence et al., 2006).
In the pre-reflective self condition, the temporal analyses
showed that the VMPFC was repeatedly activated very early at
134–170 ms post stimulus, later at 418–450 ms post stimulus and
finally at 458–476 ms post stimulus. Kawasaki et al. (2001)
uncovered comparable response latencies as early as 120–170 ms
after onset of an emotional stimuli by using intracranial single-cell
recordings during emotional processing in human ventral prefrontal cortex. By contrast, lateral prefrontal regions and more
posterior located brain regions showed delayed responses of 300–
800 ms (Schore, 2003). Schore (2003) suggested a close relationship between the VMPFC and the self, considering this structure as
the “entrance door to consciousness”. He further assumed that the
convergence of the interoceptive and exteroceptive stimuli is not
processed consciously, but rather pre-consciously. Additionally,
later processing in other brain regions is needed for the selfreferential processing to become conscious. This might involve
cortical midline structures as proposed by Northoff and Bermpohl
(2004), like the dorsal anterior cingulum, DMPFC and posterior
cingulum. In agreement with these findings, self-referential stimuli

Table 4
Detailed LORETA results of the high time resolution analysis with
significant differences in brain electrical activity during self reference
compared to other reference in the reflective self condition
Time
tActivation in
segment threshold left hemisphere
in ms
Cerebral region
Brodmann areas
(xyz-coordinates)
[t-value]
254–264 4.80

–

Activation in
right hemisphere
cerebral region
Brodmann areas
(xyz-coordinates)
[t-value]

Activation in
medial areas
cerebral region
Brodmann areas
(xyz-coordinates)
[t-value]

Inferior parietal
lobe 40 (67, −
32, 36) [5.3]

–

For details see legend of Table 1 and text.

of the current study activated during 134–170 ms post stimulus
large parts of the brain besides the VMPFC, including the anterior
cingulate gyrus, the left lateral prefrontal cortex, right temporal pole
and the left temporoparietal junction. In an interesting LORETA
study, Ofek and Pratt (2005) presented particular first names as
subjectively significant stimuli to their subjects. They could
demonstrate the involvement of a neural network for emotion
processing when hearing subjectively significant names, including
the prefrontal cortex, with distinct brain activity as early as 200 ms
after stimulus onset. Hearing the word “I/he/she” or the first name of
oneself or another important person might to some extent generate
the same brain activation, concurrently pre-reflective and unconscious, as well as emotionally highly important.
Possible failings in internal validity should be taken into consideration. As described above, the VMPC has been associated
with modality and task independent emotional processing (Phan
et al., 2002). Thus, the activity in the VMPFC might be due to a
greater emotional involvement during self-reference. Although the
participants were assured of confidential treatment of their
responses, the sincere evaluation of their own traits might have
produced more arousal and anxiety than the evaluation of their
friends’ traits. It is even possible that the emotional processing
started, irrespective of the following trait adjective, as soon as the
subjects read “I” as initial word of a sentence.
Of particular interest is the repeated bilateral activation of
somatosensory areas in the self-reference condition. In the current
study, the brain response to the pre-reflective self produced
activation in the insula during the time segment over 700 ms, while
the time dependant analysis revealed activation in the right insula at
134–170 ms and at 458–476 ms. These structures have been
associated with what has been called “bodily self” or “proto-self”
(Damasio, 1999; Craig, 2002; Panksepp, 2005). The insula receives
homeostatic afferents from several modalities, including temperature, pain, proprioception, and viscera and, as a result, is involved in
the mapping of body sensations (Craig, 2002). The insula seems to
constitute a primary interoceptive image of homoeostatic afferents
and generates together with subcortical midline regions a “virtual
body” (Northoff et al., 2006) which serves as platform for the
emergence of additional higher levels of the self. Phan et al. (2004)
report bilateral anterior insula activation during a self-referential task
to be even stronger when stimuli were perceived as emotionally
more intense. The human ability to experience the self as a distinct
entity, that is, to be self-aware, seems to be associated with the ability
of introspection (Craig, 2002), while the homeostatic needs of our
body manifest as feelings in our consciousness. As Damasio (1993)
proposed, consciousness seems to be more than simple awareness of
the environment. To be able to experience the feeling of “mineness”
(Metzinger, 2003) of one's own body, and experience a cognitive
continuity over one's own mind, we need a self-awareness that
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“engenders the fundamental image of the physical self as a feeling
(sentient) entity” (Damasio, 1993). We therefore suggest that the
activation in the insula is crucial for processes of pre-reflective self
reference such as self perception or the fundamental feeling of being.
Reading the personal pronoun “I” in the current study lead to
repeated activation of the inferior parietal lobe during 198–234 ms
and 418–450 ms post stimulus. Previous neuroimaging studies
investigating pre-reflective, minimal aspects of self such as agency
(Decety and Sommerville, 2003) and perspective taking (Ruby and
Decety, 2001; Vogeley et al., 2001) reported the inferior parietal
lobe to be involved in self related processing, irrespective of the
different cognitive demands of the tasks. Berlucchi and Aglioti
(1997) suggested that the implementation of the body schema
occurs in the right inferior parietal lobe. Besides, the experience of
a normal self seems to include the experience of the self as residing
within the limits of one's body (Blanke, 2005). Such an experience
has been shown to be disturbed in a patient suffering spontaneous
out-of-body experiences caused by epileptic seizures originating in
the right temporoparietal junction (Blanke et al., 2002). A recent
evoked potential study showed the selective activation of this area
during 330–400 ms after healthy subjects imagined themselves in
the position which people generally reported when experiencing
themselves to be out of their body (Blanke and Arzy, 2005). This
leads to the assumption that a reference to the self is accompanied
by a representation of the body in its “egocentric reference frame”
(Vogeley et al., 2001). Contrary to our expectation, evaluation of
trait adjectives also produced activation in the right inferior parietal
lobe during 254–264 ms post stimulus. Hence this area seems to be
in general, i.e. modality independent, involved in the processing of
self-referential stimuli (Lou et al., 2004).
Finally, we also found stronger intracerebral activations within
the left fusiform gyrus during the presentation of the expression “I”
The fusiform area is known to code the skill level in perceiving
objects, the so called expertise effects (Gauthier et al., 2000).
Gauthier and colleagues tested bird and car experts with in a fMRI
study during tasks with faces, familiar objects, cars and birds and
found significant expertise effects, i.e. enhanced activation in the
fusiform gyrus and occipital lobe. On this basis, it might be argued
that reading the word “I” evokes stronger activations than reading
adjectives describing a person because humans are to some extent
“experts” about themselves and are instantaneously and directly
affected by the word “I”. In line with this interpretation are the
findings of another very interesting study on self information
processing by Kircher et al. (2000). In their fMRI study, they found
prominent activation in the left fusiform gyrus when comparing self
versus non-self judgments based on pictures of faces and personality
trait words describing themselves. The left fusiform gyrus was
activated irrespective of stimulus modality (faces or words), which
demonstrates that “information matching the internal self concept is
being implicitly recognized as such, at an early processing level.
Thus, the modality independent signal changes in the left fusiform
gyrus for self referent information” (Kircher et al., 2000, p. 141). We
assume that very similar processes were also present when our
subjects would read the word “I”, since they knew immediately that
the upcoming task would relate to their very own person.
In this study, a distinct network of regions was identified as
compared to previous studies. One possible explanation is our use of
high time resolution EEG imaging instead of measurements of
metabolic changes (fMRI and PET). It should not be surprising that
these two different modalities yield non-identical results, since they
are complimentary but often times non-related (see e.g. Lachaux et al.,
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2007). Yet, most of the regions found activated in this study were
described to be involved in self-processing. Another reason for
different results might lie in the new design of this study. During the
subjects’ task, two different self-related functions could be identified:
pre-reflective and reflective processing. In this study, we could
identify different brain areas and time courses for the two functions.
Nevertheless, it is a potential limitation of the study that pre-reflective
self processing, as the more basic function, might always be present in
all self-related processing, thus also potentially during the reflective
processing. This implies that the two processes are inseparably
correlated on the higher level (i.e. reflective self), although not always
causally, i.e. the pre-reflective processing is not necessarily occurring
before the reflective, since the processes might alternate. The more
basic pre-reflective processes on the other hand, can occur
independently.
Although the pre-reflective and reflective conditions of this study
differ considerably, there is no order confound in the results, since
these conditions were never compared directly. The order of the
words in the sentences cannot be exchanged, i.e. the adjective cannot
be presented before the pronoun. Not only that the sentences would
be very unusual, but also when reading e.g. “Happy am I”/ “Happy is
he/she”, the subject would be involved in unwanted tasks: 1) the
subject would not know how to reflect on the adjective (happy),
because he/she has no information yet about the labeling (does the
adjective describe him/her self or the others?) and thus we could only
test language processing and to some extent expectations of the
upcoming labeling task; 2) reading the verb (am/is) would immediately reveal the upcoming pronoun (am for I / is for he/she) and
therefore immediately trigger self-referencing processes before the
actual pronoun (I /he/she) is presented. Reading the pronoun would
then lead to pre-reflective and reflective processes at the same time
and confound them.
Conclusion
This study replicates and extends, in an EEG-LORETA design,
previous findings of the MPFC as being crucially involved in selfreferential processing. Additionally, we show that pre-reflective
and reflective aspects of the self recruit different neuronal
substrates, and we therefore suggest that in forthcoming studies a
careful analysis of the phenomenal requirements of self-referential
tasks be performed. Furthermore, our data strongly supports the
involvement of structures that do not lie on the cortical midline,
such as the insulae and the right inferior parietal lobe, in the
neuronal network of structures underlying the multidimensional
phenomenon of self awareness.
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