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Psychological theories of the self as a knowledge representation have im-
portant implications for finding the neural representation of the self or the 
brain module(s) that mediate self-referential thought. The view of the self 
as a concept suggests that we might have many context-specific selves, not 
just one. Similarly, there may be a number of modality-specific self-images. 
The autobiographical self is not a mere list of episodic memories, but more 
likely a narrative structure that includes the temporal and causal relations 
among remembered events. Although the mental representation of self is 
by definition unique, it is possible that its neural representation is not dis-
tinguishable from that of other persons; and that the brain modules that 
process information about the self also process information about other 
people, if not objects in general.

In his description of the stream of consciousness, James (1890/1980, p. 226) noted 
that “The universal conscious fact is not ‘feelings and thoughts exist,’ but ‘I think’ 
and ‘I feel.’”

The only states of consciousness that we naturally deal with are found in personal 
consciousnesses, minds, selves, concrete particular I’s and you’s [sic]…. It seems 
as if the elementary psychic fact were not thought or this thought or that thought, but 
my thought, every thought being owned.... Neither contemporaneity, nor proximity 
in space, nor similarity of quality and content are able to fuse thoughts together 
which are sundered by this barrier of belonging to different personal minds. The 
breaches between such thoughts are the most absolute breaches in nature. On these 
terms the personal self rather than the thought might be treated as the immediate datum in 
psychology. (last emphasis added; James, 1890/1980, p. 226) 
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Certainly, personality and social psychologists would agree—just look in the sub-
ject index of any general textbook and note how many entries have the word self 
attached to them. But defining the self is another matter, as Allport admitted: “Who 
is the I who knows the bodily me,” he asked, “who has an image of myself and sense of 
identity over time, who knows that I have propriate strivings?” (Allport, 1961, p. 61).

These days, we might also ask where: almost from its beginning (Stuss, 1991a, 
1991b), the emerging field of social neuroscience has sought to find the neural 
representation of the self in the brain—or at least identify the brain modules, or 
systems, or networks that generate self-representations or mediate self-referen-
tial processing (e.g., Kircher & David, 2003). But unlike vision, where, what, and 
where appear to be independent questions (Palmer, 1999), it appears that, with 
regard to the self, the what question has to be answered before the where question. 
Without some sense of how the self and self-referential processes are represented 
mentally, at the psychological level of analysis, efforts to find the self in the brain 
will likely prove fruitless (Kihlstrom, 2010).

Imaging the Self-Reference Effect

A case in point is provided by the pioneering study of self-referential processing 
by Craik and his colleagues (1999), which capitalized on what is known as the self-
reference effect in memory (SRE). Employing a variant on the levels-of-processing 
paradigm (LOP; Craik & Lockhart, 1972), Rogers, Kuiper, and Kirker (1977) found 
that incidental memory for items subject to self-referent processing was far supe-
rior to levels observed following a standard semantic processing task—leading 
them to conclude that the self is an exceptionally elaborate knowledge structure, 
and that self-referent processing is a distinctively rich and powerful encoding pro-
cess. Employing a partial-least-squares analysis of PET imaging data, Craik et al. 
identified a specific pattern of activation in the right frontal lobe, corresponding to 
Brodmann’s areas 9, 10, and 45, which appeared to be associated with self-referent 
processing, as opposed to phonological, semantic, or other-referent processing. 
These findings, in turn, were consistent with neuropsychological evidence that 
patients with right-hemisphere damage show a particular disturbance in self-
awareness.

Unfortunately, as Craik et al. (1999) themselves recognized, the easy interpreta-
tion of the right medial prefrontal cortex (MPFC) as the seat of the self was com-
promised by ambiguity in the interpretation of the SRE. Shortly after the Rogers 
et al. paper, other investigators found that other-referent processing yielded an 
LOP effect roughly equivalent to the SRE—provided that the other was highly 
familiar to the subject (e.g., Bower & Gilligan, 1979; Keenan & Baillet, 1980). The 
comparison target in the Craik et al. study was a political figure who was known 
to the subjects only indirectly, by reputation, introducing a confound between self-
reference and familiarity. Later research taking account of familiarity has generally 
found no difference between the brain areas activated when making judgments 
about oneself compared to judgments about other people who are close to oneself 
(e.g., Ochsner et al., 2005, Experiment 1; for a comprehensive review, see Gillihan 
& Farah, 2005). 
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The overall pattern of results might support an interpretation of the right MPFC 
as the neural substrate of social judgment, regardless of whether the target of the 
judgment is self or other. Unfortunately, another problem with the SRE calls even 
that conclusion into question (Klein & Kihlstrom, 1986). The self-referent (or, for 
that matter, the other-referent) task requires subjects to sort list items into two 
categories, depending on whether they are self- (or other-) descriptive or not. The 
comparison tasks, involving semantic, phonological, or orthographic processing, 
do not. As a result, self- (and other-) reference is confounded with organizational 
activity. When this confound is eliminated, the SRE disappears entirely. Put an-
other way (and bluntly), the self-reference effect may have nothing to do with the 
self or self-reference. It is entirely possible that the MPFC is activated during self-
referential processing simply because it invokes a high level of executive activity 
in general, rather than by virtue of self-referent or other social judgments in par-
ticular (Goldman-Rakic, Cools, & Srivastava, 1996; Miller & Cohen, 2001). 

This analysis illustrates the general point (Hatfield, 2000; Kihlstrom, 2010) that 
the project of identifying the neural substrates of mental activity requires an ac-
curate analysis of the subject’s task at the psychological level of analysis. If the 
SRE is specific to self-reference, then its neural correlates will help us to answer 
the where question. But task performance reflects a more general set of social-cog-
nitive processes—or does not involve social judgment at all—all bets are off. We 
have to know what before we can find where. If the task analysis is wrong at the 
psychological level, any neural correlate of task performance will be misleading.

A Self Cell?

Logically, self-referent processing assumes the existence of a self which serves as 
the referent for the processing—and this consideration begs the question of how 
the self, itself (sorry), might be represented in the brain. There may have been a 
time when it seemed possible that, some day, we might identify the neuron, or 
more likely the cluster of neurons, which lie at the core of the neural representation 
of self. This localist possibility was initially inspired by the brain-stimulation stud-
ies of Penfield (1955), which seemed to indicate discrete locations in the temporal 
lobe that were associated with particular memories. Even before Penfield, Sher-
rington (1940) had discussed pontifical cells on which the neural representations 
of particular sensory scenes converged. However provocative it was, Penfield’s 
proposal was initially overshadowed by Lashley’s (1950) Law of Mass Action, and 
Hebb’s (1949) notion of cell assemblies, both of which suggested that the neural 
representations of particular items of knowledge were distributed widely across 
cerebral cortex. But Penfield’s idea was given new life by the discovery, through 
single-cell recording, of individual neurons that were responsive to particular fea-
tures of a visual stimulus (Barlow, 1953; Hubel & Wiesel, 1959)—bug detectors and 
the like. After Hubel and Wiesel, Konorski (1967) proposed the existence of gnostic 
cells, or perhaps fields of adjacent cells, representing particular kinds of objects, 
the destruction of which could lead to category-specific agnosias. If neuroscien-
tists could talk about mother cells and grandmother cells without embarrassment 
(see Lettvin’s parable reprinted in Barlow, 1995; for an overview, see Gross, 2002), 
why not a self cell—a single unit, or a relatively small cluster of adjacent units, that 
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is activated whenever a person thinks about himself, and which arguably would 
constitute the neural representation of the self?

Presumably, such a cell or field could be identified through the sorts of single-
unit recordings that had made Hubel and Wiesel famous. At this point, history re-
peated itself, in the form of the first connectionist models of knowledge represen-
tation and processing (McClelland & Rumelhart, 1986; Rumelhart & McClelland, 
1986)—which held, much as Lashley and Hebb had argued, that individual items 
of knowledge are represented neurally as patterns of activation across the entire 
neocortex. Such a widely dispersed neural network would not be revealed by sin-
gle-unit recording, but it might be visible to other techniques of brain-imaging. 

In a monumental achievement of computational neuroscience, Kay, Gallant, 
and their colleagues were able to identify, from a subject’s pattern of brain activ-
ity, which particular image he was looking at (Kay, Naselaris, Prenger, & Gallant, 
2008). Capitalizing on the retinotopic organization of visual cortex, they measured 
the pattern of activation in areas V1-V3 while subjects viewed 1,750 photographs 
of natural objects. This data then generated a quantitative receptor-field model 
that correlated the activity of each voxel in the brain image with the image that 
the subject had been viewing. This model was then used to identify which of 120 
novel photographs the subject was viewing. Across two subjects, the model was 
successful in an average of 82% of the instances (based on 13 repetitions of each 
test stimulus), and on 42% of the instances when there was only a single trial. 
Both figures are obviously greater than would be expected by chance alone (0.8%). 
When the test set was increased to 1,000 images, the performance of the model de-
clined only slightly. Given sufficient computational power, the same sort of model 
could conceivably identify the specific pattern of brain activity, distributed across 
the entire cerebral cortex, associated with thinking about oneself, as opposed to 
someone else. 

Considerations of power and neural plausibility shifted neuroscientific opin-
ion decisively in favor of the distributed codes of connectionism. However, re-
cent work by Quian Quiroga and his associates has given new life to localist ideas 
about memory representation (Quiroga, Reddy, Kreiman, Koch, & Fried, 2005). 
During exploratory procedures prior to surgical treatment of intractable epilepsy, 
these investigators recorded the activities of single units (or very small groups 
of adjacent units) in the medial temporal lobe while patients viewed pictures of 
famous people, objects, animals, and landmarks that had been pre-selected on the 
basis of interviews. They discovered, in one patient, a single unit—corresponding 
to a single neuron or a small, dense cluster of adjacent neurons—that responded 
specifically to pictures of Jennifer Aniston. In another patient, a somewhat larg-
er unit responded specifically to pictures of Halle Berry (including one of Berry 
dressed in her role as Catwoman), as well as to the spelling of the actress’ name. In 
yet another patient, pictures of the Sydney Opera House (including a picture of a 
Baha’i temple which the patient had previously identified as the Opera House), as 
well as its name. Within the limits of the clinical testing situation, these invariant 
neural representations appeared to be both highly specific and abstract, in that the 
units involved responded to different views of the object, to line drawings as well 
as photographs, and to names as well as pictures. 

Quian Quiroga et al. (2008) did not actually argue for the existence of Jenni-
fer Aniston or Halle Berry neurons in the brain (Bowers, 2009; Quiroga & Kreiman, 
2010a, 2010b). Instead, they argued for a sparse version of connectionism, in which 
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objects are represented by patterns of activation involving a relatively small num-
ber of units (e.g., Olshausen & Field, 2004). Still, if there is anything like a Jennifer 
Aniston neuron in the brain, whether localized or as a sparsely distributed cluster 
of units, then there is no reason not to think that there is a self neuron as well—a 
neuron, or a small group of neurons, that is active whenever one thinks about one-
self, as opposed to one’s grandmother (or Jennifer Aniston) or people in general. 
And if we are going to find the self in the brain, we must first have a good idea 
what the self looks like at the psychological level of analysis.

The Self as a Knowledge Representation

From a cognitive point of view, the self can be construed as one’s mental repre-
sentation of oneself—in principle, no different than one’s mental representation 
of any other person (Kihlstrom, 1993; Kihlstrom, Beer, & Klein, 2002; Kihlstrom 
& Cantor, 1984; Kihlstrom et al., 1988; Kihlstrom & Klein, 1994, 1997). Put another 
way, the self represents one’s knowledge of oneself. Accordingly, when we ask 
what the self looks like, from a psychological point of view, we naturally turn to 
psychological theories of knowledge representation to find out what knowledge 
representations look like. For present purposes, three of these are most relevant: 
self as concept, self as image, and self as memory. 

The Self-Concept

The term self-concept is fairly prominent in ordinary language, mostly referring to 
self-evaluation, but it has rarely been connected to the scientific understanding of 
conceptual structure offered by modern cognitive psychology. This understanding 
has itself undergone considerable evolutionary change, beginning with Aristotle’s 
definition of categories as proper sets, followed by the prototype, exemplar, and 
theory or explanation views of conceptual representation (Murphy, 2002; Smith 
& Medin, 1981). For social cognition, certainly the most popular of these views 
was the prototype view of concepts as sets of objects related through a principle 
of family resemblance, and represented by a summary list of the features that are 
characteristic of category members (Cantor & Mischel, 1979; Rosch, 1975). Such a 
solution works well for natural categories such as birds and furniture, as well as 
for social categories like extravert and schizophrenic; but when applied to the self, 
it immediately brings to mind a further question: how do we abstract a summary 
prototype based on family resemblance when there is only one instance in the 
category—namely, the individual’s own, personal, unique self? 

One solution to this problem (in advance) was offered by symbolic interaction-
ism. Cooley’s (1902) looking-glass self implies that we each have as many selves as 
we have significant others in our social world. Similarly, Mead argued that each 
of us harbors as many selves as there are social roles for us to play (Mead, 1934). 
Perhaps the prototypical self is abstracted from these empirical selves (Sarbin, 1952). 
Alternatively, in a nod to the competing exemplar view of conceptual structure, 
perhaps there is no prototypical self at all—just a family of context-specific empiri-
cal selves, each represented independently in memory (Rosenberg & Gara, 1985). 
There may well not be a single unitary, monolithic self-concept; but even if there 
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is, a focus on it may lead investigators to miss a number of context-specific self-
concepts that may well be just as important to the individual’s personality and 
social interaction—if not more so. 

No matter how many self-concepts we possess, the general idea is that each of 
them can be represented by a list of features—which begs the next question: which 
features? One can describe oneself in terms of a whole host of trait adjectives—
nearly 18,000, by Allport and Odbert’s (1936) famous count. But not all of these are 
equally relevant to personality description, much less the subject’s self-concept. 
Allport suggested that personality description be confined to a relatively small 
number of cardinal and central traits, and the same point might be made of the 
features that comprise the self-concept. Markus (1977) included in the self-schema 
only those traits that a subject identified as both highly self-descriptive and impor-
tant to the subject’s own self-concept. In fact, an argument could be made for aban-
doning self-descriptiveness altogether, and including in the self-concept only those 
attributes which subjects identify as really central to how they think about them-
selves (Burke, Kraut, & Dworkin, 1984). Alternatively, subjects might be asked to 
identify those traits that most distinguish themselves from other people (McGuire, 
1984; McGuire & McGuire, 1981). Rather than asking subjects to respond to a list 
of adjectives provided by the experimenter, subjects might be asked to spontane-
ously generate their own descriptors (McGuire & Padawer-Singer, 1976). 

It was for just such a purpose that PERSPACE was introduced (Kihlstrom & Cun-
ningham, 1991; Kihlstrom, Marchese-Foster, & Klein, 1997). Inspired by Kelly’s 
Role-Construct Repertory Test (Kelly, 1955; see also Maher, 1968; Walker & Win-
ter, 2007), PERSPACE is a highly flexible, idiographic, computer-based procedure 
for mapping an individual’s personal space. In one application of the program, 
subjects are asked to list the people who are important in his or her life. These 
significant others presumably provide the context in which the subject experiences 
him- or herself. In a second phase, these targets are presented as cues, and the sub-
ject is asked to freely describe what he or she is like with each of these individu-
als. In a third phase, each combination of target and descriptor is presented to the 
subject for a self-rating. The ratings entered into this target × descriptor similarity 
matrix (which, of course, can be very large) can then be subjected to a procedure 
like cluster analysis to reveal the subject’s context-specific self-concepts (Kaufman 
& Rousseeuw, 2005). Whatever features these context-specific selves may have in 
common may be all there is to a single, unitary, monolithic self. But in any event, 
researchers looking for the self in the brain need to be prepared for the possibility 
that there is not one such self, but several.

The Self-Image

In addition to a self-concept (or, perhaps, a family of self-concepts), we also have 
a self-image—not, as the term so often designates, an overall positive or negative 
evaluation of ourselves, but an actual mental image of what we look and sound 
like (etc.). The distinction between the self-concept and the self-image is, essential-
ly, the difference between meaning-based and perception-based knowledge repre-
sentations (Anderson, 2000). The self-concept, as a meaning-based representation, 
is essentially verbal in nature, and can be assessed in terms of trait adjectives and 
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the like. By contrast, the self-image would represent the one’s own physical fea-
tures and the spatio-temporal relations among them. 

The self-image mediates visual self-recognition in infants (Bertenthal & Fischer, 
1978) as well as adults’ preferences for mirror-reversed photographs of themselves 
(Mita, Dermer, & Knight, 1977). That the self-image extends below the neck is sug-
gested by the body-image-ratings of eating-disordered patients, which are often 
highly discrepant from reality (e.g., Fallon & Rozin, 1985; Rozin & Fallon, 1988). 
The existence of such self-images is also suggested by the delusions of patients 
with body dysmorphic disorder (Phillips, 1991) and other forms of somatization 
disorder (Kihlstrom & Canter Kihlstrom, 1999). Nor is the self-image exclusively 
visual. We recognize our own voices as well as our own faces (Holzman & Rousey, 
1966; Holzman, Rousey, & Snyder, 1966; Hughes & Nicholson, 2010). Recognition 
of our own voices may be somewhat less accurate than recognition of others’ voic-
es, and we may be distressed at the recorded sound of our own voices. After all, 
the perception-based mental representation of our own voice is a product of both 
air-conduction and bone-conduction, and so may differ from a recorded stimulus 
that comes from an external source. Something like an olfactory self-image pre-
sumably mediates the priming effect of one’s own body odor on mirror self-recog-
nition (Platek, Thomson, & Gallup, 2004). Autotopagnosia, anosognosia, phantom 
limbs, and other neurological disorders also suggest the existence of a postural or 
body schema that is, essentially, a mental representation of one’s own body, and its 
constituent parts, in space—in the words of Head and Holmes (Head & Holmes, 
1911), an “organized model of ourselves” (p. 189; see also Gallagher, 2005; Hag-
gard & Wolpert, 2005). 

The point is that just as there may be many context- or role-specific self-concepts 
there may be many modality-specific self-images. We may also possess memory-
based self-images, which record our representations of ourselves in childhood or 
adolescence, before a weight gain or loss, or before old age set in; and aspirational” 
self-images, which represent what we wish we looked, or sounded like, each of 
which may be mediated by different brain modules or networks. 

The Autobiographical Self

The self-concept and the self-image are both relatively abstract and static—even 
when they are bound by time or place: “This is what I was like before I got mar-
ried”; “This is what I looked like before I went bald.” As such, the self-concept and 
self-image may be thought of as represented in semantic memory as meaning-
based or perception-based representations of oneself. But the self also includes 
the record of one’s actions and experiences: “I saved the child from drowning”; 
“A bully kicked sand in my face at the beach.” In fact, John Locke famously iden-
tified the self with memory: arguing that a person’s identity includes whatever 
of his past he can remember (Locke, 1690/1959, Book II, Chapter 27). For Locke, 
self-knowledge—like all knowledge—is derived a posteriori from experience. For 
Hume (1739–1740/1978), the self includes not only the events and experiences that 
we remember, but also the events that we know or believe happened, based on 
inferences from what we do remember. Either way, a person who remembered 
nothing of his past literally would have no identity—no sense of self beyond that 
of in immediate experience (the Cartesian “I think, therefore I am”). 
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We now know that, in at least some important sense, Locke and Hume were 
wrong. Amnesic patients, who cannot remember events that occurred after their 
brain damage, nonetheless retain a sense of identity: they know who they are, 
where they came from, and what they are like even if they have no postmorbid 
memories. Of course, some of this self-knowledge may be based on their recollec-
tions of premorbid experiences, which are not always degraded by the amnesic 
process. But some self-knowledge reflects information acquired post-morbidly: 
even H.M. had a sense of himself as an amnesic patient, and would freely identify 
himself as such—he knew that he could not remember (Hilts, 1995). More formal 
studies, as of patients K.C. (hippocampal amnesia; Tulving, 1993) and W.J. (tempo-
rary traumatic retrograde amnesia; Klein, Loftus, & Kihlstrom, 1996), confirm that 
individuals can acquire new self-knowledge from experience, even though they 
cannot consciously remember those experiences. Such findings lend support to the 
idea, based initially on research employing priming paradigms, that episodic (au-
tobiographical) and semantic (trait) self-knowledge are represented independent-
ly of each other (Klein & Loftus, 1993; see also Klein, Robertson, Gangi, & Loftus, 
2008). They also show that amnesia does not affect all declarative knowledge, but 
only episodic knowledge; and that amnesic patients can acquire new declarative 
knowledge as well as new procedural knowledge. 

Autobiographical memory is often tapped by some variant of Galton’s tech-
nique (Crovitz, 1970; see also Robinson, 1976; Thompson, Skowronski, Larsen, & 
Betz, 1996), in which subjects are asked to recall specific events related to familiar 
words presented as probes. But there is more to the autobiographical self than a 
set of disconnected episodic memories (Kihlstrom, 2009). It is, first and foremost, a 
chronological narrative—the story of our lives (McAdams, 1993; Neisser & Fivush, 
1994; Singer & Salovey, 1993). It includes the chronological relations among events, 
as well as their causal relations—what caused an event to occur, and what its im-
plications were. How we divide our lives into epochs—pre- and post- tenure, first 
marriage and second one, before and after children and grandchildren (Skowron-
ski, et al., 2007). At it includes causal attributions: how we explain the course our 
lives took, may say as much about us as the events themselves. 

Recollective experience may also be an important feature of the autobiographical 
self (Gardiner, 1988; Tulving, 1985). Some of our personal memories are actually 
remembered, accompanied by concrete awareness of oneself in the past; others are 
more abstract, closer to semantic memories—perhaps because they were acquired 
second-hand, from relatives and scrapbooks; still others are based only on an in-
tuitive feeling that something happened; still others may reflect nothing more than 
beliefs about the past, in the absence of any personal recollection or independent 
evidence. Whatever their epistemological status, all autobiographical memories 
are mental representation of the past, which means that they may diverge in im-
portant ways from the historical fact of the matter. The events that we remember 
may not have happened the way we remember them (Neisser & Harsch, 1993); 
they may not have happened at all (Loftus, 2003). True or false, they are still our 
memories; they are still part of ourselves. 
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The Light’s Better Over Here

Beginning with PET and fMRI, rapid advances in neuroimaging offer the possi-
bility that social neuroscientists will, someday soon, be able to identify the brain 
structures that are involved in representing and processing self-knowledge. But 
the success of this (or any similar) project will not depend on the strength of the 
magnet, the power of the image-processing algorithm, or the luck of selecting the 
appropriate region of interest. Rather, success will depend, first and foremost, on 
how we think about the self. There are likely to be different selves, depending on 
whether we are looking at the self-concept, the self-image, or the autobiographical 
self. And within each of these categories, there may be many different self-concepts 
and self-images, and self-narratives. And, as demonstrated by studies employing 
the self-reference effect, the outcome of the search will depend critically on the 
control task used to distinguish between self and others. The search, after all, will 
be for whatever in the brain is distinctive to the self. 

On the other hand, we may need to be prepared for the possibility that there is no 
distinctive neural structure that corresponds to the self (in any of its incarnations). 
It may be, for example, that the self is just a person, like any other, embedded in a 
dense network of representations of other people. Or it may be that we cannot help 
thinking about others when we think about ourselves, and vice-versa—a situation 
that would make it impossible to isolate a module or node distinctive to the self. If 
there is a self node in the brain, whether localized in a single unit or sparsely dis-
tributed, it will be found only through the sheer luck of electrode placement; and 
it is likely to be in a different place for each individual subject. If the self is densely 
distributed, we will be out of luck entirely. Similarly, there may not be a distinct 
module that mediates self-referential processing. Thinking about the self may just 
be a special case of thinking about people in general; and social information-pro-
cessing may not be distinct from nonsocial processing. Given all the functions that 
neuroimaging studies have assigned to the medial prefrontal cortex, this seems 
very likely. The self exists in the mind, to be sure. As James noted in the same pas-
sage as began this paper, “No psychology… can question the existence of personal 
selves” (1890/1980, p. 226). But the self may not exist in the brain in a way that 
permits us to find it.
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