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Recent inquiries into the nature of self-representation have 
put forward a new and interesting conceptualization of the 
self, as a “center of gravity” of one’s private and social behavior.  
We review recent neuroimaging work that has suggested interac-
tions among brain regions comprising the default state network, 
including medial and temporo-parietal cortical regions and the 
mirror neuron system including lateral fronto-parietal regions as 
two interacting neural systems that work in concert to produce 
a cohesive self-representation through simulation. Simulation 
processes—broadly construed here as using existing representa-
tions as templates for understanding novel information—are 
instantiated by these brain systems across a wide range of domains 
including time, space, physical and social, giving rise to the multi-
faceted Self that we all are. Accumulating evidence also suggests, 
that these simulation processes are used in a multitude of cogni-
tions that constitute the self, including autobiographical memory 
and prospection, perspective taking, understanding other’s actions 
and mental states and embodied self-representation.

Introduction

The existence of a “default mode” for brain function—an 
organized baseline mode that is suspended during specific goal-
directed behaviors—has become established.1-4 It has recently 
been proposed that the core set of brain regions including cortical 
midline structures comprising the “default mode network” may 
also underlie certain high level human behaviors such as autobio-
graphical memory, prospection, spatial navigation and imagination 
of another person’s perspective (theory of mind,ToM) processes.5 
A meta-analysis of neuroimaging studies found support for this 
proposal, showing a high degree of correspondence within the 
lateral prefrontal cotex, medial-temporal lobe, precuneus, posterior 

cingulate, retrosplenial cortex, the temporo-parietal junction and 
the occipital lobe across these domains.6

Another substantial cerebral network is the fronto-parietal 
mirror neuron system (MNS), which is active when an agent 
performs an action, but also when it observes that same action 
being performed by another agent. The MNS together with the 
“default network”, have been hypothesized to represent abstract 
and concrete aspects of the self, respectively, and interact to give 
rise to a unified representation of the self as a social being.7 It had 
been suggested in earlier work that areas of the default network 
may be involved in self-referential mental activity,8 and that this 
activity may represent the “projection of oneself into another time, 
place or perspective.”5 Thus, these lines of research on time, space, 
physical representations and social cognition appear to converge 
on a common set of brain regions, centered on the default mode 
network, as well as a set of cognitive processes that are anchored by 
the Self as point of reference.

Here, we would like to advance the proposal that the Self emerges 
as an integration of representations across the domains of time, 
space, physical embodiment and social cognition. Furthermore, the 
self-representation across all of these domains—time, space, phys-
ical and social—is accomplished through simulation. Simulation 
is a term that has been used in cognitive psychology to describe a 
variety of processes including Ingvar’s “anticipatory programming” 
of behavior,9 estimates of likelihood of a behavior,10 the imita-
tive representation of an event,11 “reenactments of sensory-motor 
states”12 and understanding the mental states of others.13 For our 
current purpose, we define simulation as the rather broad process 
of using existing representations as templates for processing novel 
information from one’s own perspective. Essentially, this means 
humans use information that is already known, as a template for 
re-presenting and understanding new information, in order to plan 
our short- and long-term behaviors. In the following sections, we 
will briefly describe how this simulation process may subserve each 
of the domains constituting the Self—time, space, physical and 
social—and the brain regions supporting these re-presentations.

Autobiographical Memory and Self-Projection

A growing interest in understanding human consciousness has 
led to a flurry of research on all aspects of simulation, including the 
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human ability for mental time travel (MTT), which allows one to 
recall the past and pre-experience or predict the future (reviewed 
in refs. 14 and 15). This productive feature of memory is described 
in the constructive episodic simulation hypothesis recently 
outlined,16,17 and supported by several neuroimaging studies, 
finding an overlap in the core neural network that underlies both 
remembering the past and imagining the future.18-20 Accordingly, 
patients with amnesia were shown to be markedly impaired rela-
tive to matched control subjects not only in retrieving past events, 
but also at imagining new experiences.21 More specifically, Klein 
and colleagues found that a particular aspect of this deficit in 
thinking about the future, is an impairment in predicting events 
about one’s personal future, rather than public or world events.22 
Furthermore, it was also found that patients with memory deficits 
who confabulate about their personal past also confabulate about 
their personal future.23,24 These findings appear to hint at the 
privileged nature of information related to the self, and the central 
role of the self in using memory to mentally construct or simulate 
a personal future. Schacter and Addis also noted that “imagining 
personal future events may involve processes above and beyond 
the general processes involved in constructing non-personal events 
and generating images.”16 In a recent study of MTT, which 
involved self-projection to both past and future, we also found an 
effect of self, whereby participants responded significantly faster 
to personal (self-relevant) events than to world (non-self-relevant) 
events.20 The results of our study also suggested that self-location 
in time recruits a distributed neural network—including anterior 
temporal, occipitotemporal and temporo-parietal regions—that are 
part of the default network, and overlap with the regions recruited 
during other self-relevant tasks, such as visuo-spatial perspective 
taking25 and spatial self-location.26-28

Spatial Self-Location and Perspective Taking

Mesulam referred to self-projection as transposing “the effective 
reference point (of perception) from self to other, from here to 
there, and from now to then.”29 Studies of spatial self-location and 
perspective taking parallel studies of MTT, by asking participants 
to imagine themselves in another spatial, rather than temporal 
location.25,26,30-33 These studies tend to show activations within 
a core neural network similar to self-projection in time, with a 
particular focus at the temporo-parietal junction. We have also 
found activation of the temporo-parietal junction in experiments 
in which participants imagined themselves from their own bodily 
self-location and from a different imagined location26-28 similarly 
to imagining oneself at different points in time.20 The corre-
spondence between neural processes of self-location in time and 
self-location in space extends beyond the cortical regions involved, 
and electrophysiological correlates show remarkably similar timing 
of brain activations.20,26,27 Such spatio-temporal coherence at the 
neural level also supports the notion that simulation of the Self in a 
different place and a different time, share a common mechanism.

Physical and Psychological Self-Representation

The Self has been broadly divided into two main aspects—the 
mental and the physical self.34 As the face is the most identifiable 

marker of the physical aspect of the Self, it has been the subject 
of extensive study at the behavioral and neural level.35-39 Recent 
functional magnetic resonance imaging (fMRI) studies of self-face 
recognition have consistently found right fronto-parietal areas 
associated with identification of the self-face.36,38,40 These areas, 
predominantly activated in the right hemisphere including the 
posterior inferior frontal gyrus and the inferior parietal cortex 
appear to broadly overlap the human MNS.41 Mirror neurons are 
active when an agent performs an action, and when it observes 
that same action being performed, in essence, creating an agent-
independent connection between actor and observer.42 Based 
on the property of mirror neurons to internally simulate actions 
performed by others, it has been proposed that the MNS may 
provide the link between the physical representation of the Self 
as related to the physical representation of others.7,38,39 In fact, 
the MNS and the default network show opposing patterns of 
activation during the process of self-other distinction, such that 
mirror regions show increased activity to “self ” relative to “other,” 
while default network regions deactivate less to “other” relative 
to “self.”38 Paradigms asking participants to evaluate the self-
relevance of personality traits have been commonly used to study 
the mental aspects of the self.43-45 Components of the default state 
network, particularly the medial prefrontal cortex and the poste-
rior cingulate cortex have been implicated in representing aspects 
of the mental self.7,46,47 These medial fronto-parietal regions of 
the default network, may subserve the representation and integra-
tion of self-relevant traits within the context of autobiographical 
memory as well as future goals.

Mentalizing and Theory of Mind by the Social Self

Is it possible to study the mental self in isolation from its 
social context?46 The answer to this question may be a matter of 
“degrees”, and by varying the degree of similarity between the self 
and the other person, we may come closer to a clear answer.48  
A review of neuroimaging studies in which participants were asked 
to simulate another person’s perspective revealed a special role for 
frontal midline regions only subtly different from those found 
in studies of self-relevant trait judgments.49 These data provide 
support at the neural level, for the notion that the Self is grounded 
in its social relationships. As a result, the brain has evolved mecha-
nisms for understanding others and their mental states (thoughts, 
emotions and beliefs) as motivating factors behind their actions.50 
ToM, or mentalizing, often involves a change in “reference point” 
as suggested by Mesulam, in other words, taking the perspective of 
another person. According to simulation accounts of ToM, these 
perspective shifts are accomplished through self-projection,50,51  
in a manner similar to what happens during MTT, or spatial 
perspective shifts. In mentalizing about others’ goals and behaviors, 
one can simulate other’s mental states as if they were his/her own, 
and use the Self to predict possible actions and reactions. ToM 
has been found to share a neural signature with autobiographical 
memory and self-projection, including activations in the medial 
and lateral prefrontal cortex, medial temporal lobe and parietal 
regions, including the temporo-parietal junction, the occipital 
lobe and the lateral prefrontal cortex.6 Thus, this network of brain 
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regions, subserves in part the processes necessary to connect the self 
to its social world, through simulating the mental states of others.

Conclusion

We have attempted to outline a common thread linking aspects 
of the self across the domains of time, space, physical embodiment 
and the social world as may be accomplished through a simulation 
mechanism. In our interpretation of the process of simulation, the 
self uses available knowledge as a template for processing, repre-
senting and understanding new information. Whether simulation 
involves self-projection in time for the purposes of planning the 
future, or projection of a perceived image onto the self-image 
during self-other differentiation; at their core, mental time travel, 
perspective taking, self-representation and mentalizing are all 
cogitations that in the broadest sense appear to involve a simula-
tion mechanism. These high-level functions rely on a distributed 
network of brain structures, including the medial prefrontal cortex, 
medial temporal lobe, parietal regions and the temporo-parietal 
junction forming the core of the default mode network, and the 
posterior inferior frontal gyrus and inferior parietal lobule forming 
the core of the human mirror neuron system.
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