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For seven years now Keenan and his colleagues
have been proposing the notion of right
hemispheric dominance for self-awareness (e.g.,
Feinberg and Keenan, 2006; Johnson et al., 2005;
Keenan et al., 2000, 2001, 2003; Lou et al., 2004;
Platek et al., 2004a). Concerns about this view
were raised on two occasions (Morin, 2002, 2003)
and were modestly acknowledged by the team in
Platek et al. (2004b). In the target article, Keenan
et al. (2005) present their latest version of the
hypothesis, which in my view carries over the
exact same problems identified in the past. In this
commentary I examine conceptual and empirical
difficulties pertaining to the notion of right
hemispheric superiority for self-related processes. I
will suggest that two main misconceptions lie at
the heart of the controversy. (1) At a conceptual
level, one cannot equate either self-recognition or
Theory-of-Mind (TOM) abilities with genuine selfawareness. (2) At an empirical level, the review of
literature presented by Keenan et al. tends to favor
studies that support their hypothesis. In actuality,
quite a few brain-imaging experiments show
bilateral and left hemisphere activity during self
and other judgment tasks.
SELF-RECOGNITION AND

SELF-AWARENESS

“Self-awareness involves being aware of one’s
own thoughts, or mental state. It includes having
the ability to reflect on one’s own cognitions.
Further, self-awareness includes the ability to think
about oneself as an entity in the third person,
allowing for imagining oneself in the future or in
the past” (p. 695). After presenting Gallup’s work
on self-recognition in primates (e.g., Gallup, 1970;
Gallup et al., 2002), and related research, Keenan
et al. ask: “Does self-recognition equal selfawareness?” (p. 696). Their answer is a confident
“yes”, which lead them to suggest that “... the selfface may be an ideal stimulus to begin the
investigations of higher-order consciousness and
the brain” (p. 697). The group then reviews several
studies that have examined selective brain
activation during self-face recognition tasks as well
as other forms of self-recognition (e.g., one’s
voice), and neuropsychological reports of right
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hemisphere damage. The body of research
presented in Keenan et al.’s paper largely supports
right hemisphere superiority for self-recognition,
which motivates the conclusion that “... along
numerous dimensions, the right hemisphere appears
dominant for self-awareness” (p. 700).
The overall rationale put forward by Keenan
and his collaborators is simple and elegant: (1)
self-recognition equals self-awareness; (2) selfrecognition is correlated with activity in the right
hemisphere, especially the prefrontal lobe; (3) thus,
self-awareness per se is also linked to right
hemisphere activity. I hope to show that the first
two statements (1) and (2) are most likely
inaccurate, which obviously will make statement
(3) incorrect.
The proposition that self-recognition is
equivalent to self-awareness, as defined in the
target article, has been extensively – and
convincingly – criticized by Mitchell (e.g., 1993;
2002a, 2002b). Gallup’s original view (1970),
implicitly endorsed by Keenan et al., is that
emitting self-directed responses in front of a mirror
(such as touching one’s forehead during the “dye
[or mirror] test”) indicates that the organism can
become the object of its own attention; in addition,
re-cognizing oneself in front of a mirror
presupposes “self-cognition” (self-knowledge, a
self-concept) – and thus self-awareness. Certainly,
self-recognition involves self-attention and selfknowledge; but Mitchell’s key question is: What
type of self-information is required for recognition
of one’s face (and body)? He argues that all an
organism needs to self-recognize is a kinesthetic
representation of its own body; the organism
matches the mental representation of the physical
self with the reflection seen in the mirror and
concludes that “it’s me.” In that perspective, access
to one’s own thoughts (or any other more “private”
aspects of the self) is not necessary for selfrecognition to occur. Indeed, one may inquire: In
what way can knowing about one’s own political
opinions (or current emotions, goals, values,
thinking patterns, etc.) help an organism to
correctly identify the reflection in a mirror as being
oneself? Again, awareness of thought processes do
not seem to be pertinent for self-recognition;
however, awareness of the body is crucial for self-
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identification in front of a mirror. This implies that
while self-recognition entails kinesthetic selfknowledge, it does not require mental/cognitive
self-knowledge. So, to state that self-recognition
represents a adequate operationalization of selfawareness, defined as “being aware of one’s own
thoughts, or mental state” (p. 695), is misleading.
But then there is this work conducted by Lewis
(e.g., 1992) that “... correlated self-awareness with
passing the mirror test. For example, he has found
that only children that pass the mirror test exhibit
self-conscious emotions (i.e., emotions that require
a sense of self) such as shame, guilt, and pride. In
children that do not pass the test, such emotions
are not exhibited” (target article, p. 696). “It has
also been found that personal pronouns such as “I”
and “me” are correlated with the timeline of selfrecognition” (p. 696). Furthermore, one’s
understanding of others’ mental states (TOM)
seems related to one’s insight into one’s own mind.
The key term here, obviously, is “correlated”. The
seemingly simultaneous development of selfrecognition, self-conscious emotions, first-person
pronouns use, and TOM in humans hardly means
that the former causes the latter. It remains
plausible that these four abilities emerge in concert
because of the parallel growth of other, more
fundamental, underlying variables – language
and/or social skills would represent strong potential
candidates (see Astington and Jenkins, 1999;
Garfield et al., 2001; Nelson, 2005). Also note that
(1) TOM in children develops much later than selfrecognition – between ages three and five (Saxe,
2006), as opposed to between months 18 and 24
for self-recognition (Amsterdam, 1972); (2) in most
non-human primates self-recognition is observed in
the absence of self-conscious emotions and use of
personal pronouns; and (3) in one study
(Cunningham and Glenn, 2004) 96% of young
adults with Down syndrome demonstrated selfrecognition from their photograph while only 57%
showed awareness of their disability – a clear
indication that self-recognition does not
automatically entail knowledge of fundamental
self-aspects. The relation between self-recognition
and TOM in apes is more ambiguous, as Keenan et
al. themselves confess (p. 696). While Gallup (e.g.,
1998) firmly believes that there is a link, some
question its existence (e.g., Povinelli, 1995) and
others even reject the idea of TOM in primates
(e.g., Heyes, 1998).
Not only is statement (1) uncertain (selfrecognition equals self-awareness) – proposition
(2), suggesting that self-recognition selectively
recruits right prefrontal areas, has been intensely
debated in the literature. As seen earlier, there is no
doubt that a wide collection of studies show a right
hemisphere activation bias during self-face
recognition. However, some other studies report
bilateral activation, or plain left hemisphere
superiority for self-recognition. To illustrate,
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Kircher et al. (2001—briefly mentioned in the
target article) observed that “recognition of the
own face activated right limbic and left prefrontal
regions…”; “the left prefrontal cortex… was only
activated by self-faces…” (pp. B10-B11). Sugiura
et al. (2005) noted that activation selective to one’s
own face was observed in the right occipitotemporo-parietal junction and frontal operculum,
and in the left fusiform gyrus. Turk et al. (2002)
found a clear left hemisphere bias for selfrecognition in a split-brain patient (also see Brady
et al., 2004). And in another split-brain study
(Uddin et al., 2005), both left and right
hemispheres were equally capable of selfrecognition (also see Sperry et al., 1979). This is
only a sample, and it suggests that trying to locate
self-recognition exclusively in the right hemisphere
might be premature.
In summary, it is doubtful that self-recognition
involves self-awareness of an introspective type;
therefore, even if self-recognition is linked to right
hemisphere activity (and, as seen above, this is
debatable), it doesn’t follows that self-awareness
itself also represents the result of that same
lateralized activity.
THEORY-OF-MIND AND SELF-AWARENESS
“Theory of Mind can be referred to as mental
state attribution or mindreading. Theory of Mind
involves the recognition that other minds are
possible, and the individual may be privy to
thoughts of another” (target article, p. 695). Here
too, the logic used by Keenan’s group is
straightforward and very similar to the one that
applies to self-recognition: (1) TOM equals (or at
least, is strongly related to) self-awareness; (2)
TOM mostly involves right hemisphere activity
(again, the prefrontal lobe); (3) consequently, selfawareness per se also depends on right hemisphere
activity. I will suggest that the first two propositions
(1) and (2) require serious qualifications, which will
render statement (3) improbable.
That TOM and self-awareness are interconnected
makes no doubt. The argument provided by Keenan
et al. (known as the “simulation view” – see
Hesslow, 2002) is largely accepted in the literature
(but see Saxe, 2005). It is very likely indeed that
one needs first to access one’s own mental self
before one can ponder about others’ potentially
comparable inner life. The team’s work on
deception (which requires effective reading of
others’ mind) and self-awareness also offers
supplementary support. In addition to evidence
presented in the target paper to corroborate the link
between self-awareness and TOM, there is a
growing number of neuroimaging experiments that
show a definite overlap (‘shared representations’)
between self and other processes in the brain,
particularly in the medial prefrontal cortex (e.g.,
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Abu-Akel, 2003; Amodio and Frith, 2006; Decety
and Sommerville, 2003; Decety and Grèzes, 2006;
Jackson et al., 2006; Mitchell et al., 2005).
“However, sharedness does not mean
identicality...”, as Decety and Sommerville put it
(2003, p. 527), which signifies that although selfawareness and TOM are connected, they are not
identical. For one thing, by definition, TOM
implies a focus of attention on others – not the
self, whereas self-awareness exclusively entails
self-focus. These two processes thus cannot be
equated (Morin, 2003). Also note that selfawareness does not represent a uniform construct
and is actually made up of two different
tendencies: self-reflection and self-rumination
(Trapnell and Campbell, 1999). Self-reflection
constitutes a authentic curiosity about the self,
where the individual is intrigued and interested in
learning more about his or her emotions, values,
thought processes, goals, attitudes, etc. Selfrumination refers to anxious attention paid to the
self, where the person fears failure and keeps
wondering about his or her self-worth. Only selfreflection has been shown to lead to TOM (i.e.,
empathy); self-rumination actually inhibits TOM
because the person is too self-absorbed to think
about others’ mental states (Joireman et al., 2002;
Joireman, 2004).
At any rate, the claim that “there is good
evidence that tasks requiring Theory of Mind
engage the right hemisphere” (p. 701) is
problematic. Some studies do show greater
activation of the right prefrontal cortex during
TOM tasks (e.g., Vogeley et al., 2001 – cited in the
target article), but quite a few other experiments
also implicate the medial prefrontal cortex (as seen
above), as well as areas of the left hemisphere
(especially the left medial frontal gyrus). To
illustrate, Harris et al. (2005) reported activation of
the right superior temporal sulcus and left medial
prefrontal cortex in participants attributing behavior
to characteristics of a person. Calarge et al. (2003)
asked volunteers to produce a fictive story about
the mental state of a stranger whom they imagined
meeting on a park bench. Brain activity during this
TOM task was contrasted to that elicited by a
control task consisting in reading aloud a story
requiring no mental state attribution. The TOM
task activated the medial frontal cortex, the superior
frontal cortex, the anterior and retrosplenial
cingulate, and the anterior temporal pole; most of
these activations were observed in the left
hemisphere. In an event-related potential
experiment (Sabbagh and Taylor, 2000),
participants were invited to read narratives and
answer questions about them. One set of stories
dealt with beliefs of another person (TOM task)
while the other had to do with non-mentalistic
information. Results indicated greater left frontal
activity during the TOM task. Gallagher and Frith
(2003) reviewed neuroimaging and lesion studies

of TOM and proposed that one region is
consistently associated with “mentalizing”: the
anterior paracingulate cortex bilaterally. In a more
recent review of literature, Lieberman (2006)
identified the dorsomedial prefrontal cortex. For
additional examples of bilateral and left hemisphere
involvement in TOM, see e.g., den Ouden et al.
(2006), Rilling et al. (2004), Saxe and Powell
(2006), and Takeuchi et al. (2002).
To recap then, although self-awareness and
TOM are related, they are no equivalent; thus, the
possibility that TOM might be primarily associated
with to right hemisphere activity does not allow
one to conclude that self-awareness per se is
located in that same hemisphere. Besides, as
indicated above, the notion of right hemispheric
superiority for TOM remains highly controversial.
SELF-AWARENESS AND

THE

LEFT HEMISPHERE

So far I have been suggesting that Keenan et
al.’s attempt at localizing self-awareness in the
brain by using an indirect route – by looking at
brain activity during self-recognition and TOM
tasks – is inconclusive. In this section I take a
more direct approach and review some research in
which brain activity was recorded during tasks
specifically designed to tap into self-awareness as
defined in the target paper. Here too, some studies
do report a right hemisphere bias during processing
of self-information (e.g., Craig et al., 1999; Fossati
et al., 2003; Schmitz et al., 2004); but numerous
experiments also show bilateral and/or left
activation when participants reflect on various selfaspects.
For instance, Johnson et al. (2005) invited
volunteers to make decisions about color
preference (subjective and internal – self-referential
– condition) and color similarity (external and
veridical – non self-referential – condition). fMRI
results indicated that in the self-referential
condition the anterior medial prefrontal and
retrosplenial corticles were significantly more
activated than during the control condition.
Importantly, the left hemisphere in that study was
more active than the right. In Lieberman et al.’s
(2004) experiment, participants evaluated the selfdescriptiveness of trait words as a function of how
much experience they had in relevant activity
domains. When participants made judgments in
their high-experience domain, the ventromedial
prefrontal cortex, nucleus accumbens, amygdala,
and lateral temporal cortex were recruited, mostly
in the left hemisphere. When participants assessed
their low-experience domain, the right lateral
prefrontal cortex was the only area differentially
activated. In Goldberg et al.’s study (2006),
subjects viewed various images and were asked to
reflect on the emotional response produced in them
by these stimuli; the control task consisted in
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categorizing the pictures into groups (e.g.,
animal/no-animal). (Another experiment within the
same study used auditory stimuli.) Greater activity
for the self-awareness task mainly occured in the
left prefrontal cortex.
These are just three illustrations taken from a
pool of studies that suggest bilateral/left brain
activity during self-referential processing. Other
examples for various self-aspects can be found in
Conway et al. (1999) (autobiographical memory);
Ochsner et al. (2004) (emotions); Seger et al.
(2004) and Zysset et al. (2002) (evaluative
judgments/preferences); D’Argembeau et al.
(2005), Gusnard et al. (2001), Johnson et al.
(2002), Kelly et al. (2002), Kircher et al. (2000),
and Lou et al. (2004) (traits and attitudes); and
Kjaer et al. (2002) (traits and physical appearance).
Toward the end of the target article, Keenan et
al. state that “We therefore find that the data
support the hypothesis that the right hemisphere is
dominant for higher-order consciousness” (p. 702).
The most detrimental piece of evidence that exists
to question this conclusion can be found in a
research report cited by Keenan’s team to support
that very same view. Sperry et al. (1979) tested
self-recognition in the disconnected hemispheres of
a split-brain patient and found (as reported by
Keenan et al., p. 697) that “Certainly, the right
hemisphere was capable of self-recognition. He
[Sperry] concluded that the right hemisphere was at
least equal to the left in terms of consciousness”.
This strongly suggests that the left hemisphere too
is self-aware, and indeed, “… Conscious function
in the disconnected left, language dominant
hemisphere is relatively easy to determine through
direct verbal communication” (Sperry et al., 1979,
p. 153). Meaning that the left hemisphere of splitbrain patients is clearly self-aware since it can
verbally comment on its identity, current feelings,
future goals, aspirations, etc. How can the right
hemisphere be dominant for self-reflecting
activities if the left hemisphere is also fully selfaware?
CONCLUSION
In this commentary I argued that at a
conceptual level, self-recognition and TOM are not
equivalent to self-awareness. Consequently, even if
self-recognition and TOM were the result of right
hemispheric activity, it would not justify the claim
that self-awareness is primarily located in that
hemisphere. At an empirical level, there is ample
evidence that self-recognition, TOM, and selfawareness cannot be found in one specific brain
area or hemisphere. The distributed nature of selfrelated processes is made clear in Gillihan and
Farah’s (2005) recent review of literature that
evaluates the supposedly unique nature of the self.
Gillihan and Farah compiled activation maxima

observed across numerous imaging experiments
using self-reflective tasks and neuropsychological
case-studies assessing self-awareness. They
conclude that “Had the points clustered in certain
regions or along certain networks, the hypothesis
of a unitary self system would have been
supported. However, neither the imaging nor the
patient data implicate common brain areas across
different aspects of the self. This is not surprising
because there is generally little clustering even
within specific aspects of the self” (p. 94).
Consistent with this observation is Kircher’s
suggestion (2002, p. 690) that “... there is no
unique center in the brain for self-relevant
processing”. Turk et al. (2003, p. 1) concur: “The
available evidence suggests that the sense of self is
widely distributed throughout the brain”.
One suspects that Keenan et al.’s effort at
localizing self-awareness in the right hemisphere
might at least be partially motivated by a legitimate
need to counterbalance the “left hemisphere bias –
the view that there is a left “dominant” hemisphere
and a right “minor” hemisphere (see target article,
p. 697). Unfortunately, claiming that the right
hemisphere is dominant for self-awareness
generates another bias – albeit the opposite one.
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