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Neuroscience Perspective on Human
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The evolutionary claim that the function of self-awareness lies, at least in part, in the
benefits of theory of mind (TOM) regained attention in light of current findings in
cognitive neuroscience, including mirror neuron research. Although certain non-human
primates most likely possess mirror self-recognition skills, we claim that they lack the
introspective abilities that are crucial for human-like TOM. Primate research on TOM
skills such as emotional recognition, seeing versus knowing and ignorance versus knowing
are discussed. Based upon current findings in cognitive neuroscience, we provide evidence
in favor of an introspection-based simulation theory account of human mindreading.
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1. Introduction
There is an ongoing debate as to whether or not non-human primates, particularly
chimpanzees, display theory of mind (TOM) dependent skills, such as the display of
empathy and the detection of deception. TOM, or ‘mindreading’, can be defined as
the attribution of mental states, thoughts and emotions to an individual, in order to
explain and predict its behavior (Premack & Woodruff, 1978). Consider empathy:
Several studies documenting the consoling behavior of chimpanzees (see de Waal,
Thompson & Proctor, 2005) and numerous field observations by primate researchers,
(of, for example, the care a mother chimpanzee displays towards her offspring; see
Goodall, 1990), putatively point to the presence of certain empathic behaviors in at
least some non-human great apes. Nevertheless, except for consoling behavior, little
systematic research has been done specifically on empathy in non-human primates
(de Waal et al., 2005), and it remains unclear how to interpret the available data.
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Most researchers agree that a human-like TOM system is not to be found in any
non-human primate species. Nevertheless, it would be inaccurate to claim that all
non-human primate species lack human-like TOM-dependent skills altogether.
On the contrary, certain non-human primates such as chimpanzees can be said to
possess at least some aspects, albeit basic ones, of a human-like TOM system. The fact
that some non-human primates utilize tactical deception, grasp the difference
between seeing and knowing, and the difference between ignorance and knowing
(Byrne & Whiten, 1990; Gómez, 1998, 2004; Hare, Call, Agnetta & Tomasello, 2000;
Hare, Call & Tomasello, 2001), for example, shows us that non-human great ape
species have some understanding of the causes of others’ behavior. In this paper we
will ask whether or not human mindreading skills differ from non-human
mindreading skills, and, if so, how this might be explained based upon current
scientific research in a variety of fields such as experimental primatology, philosophy
of mind, developmental psychology, cognitive neuroscience and genetics.

2. Do Non-human Animals Possess Human Mindreading Skills?
Recently, Parr (2003a) argued that her work on emotional recognition reveals that
chimpanzees might possess a basic kind of emotional awareness that humans and
chimpanzees can be said to have in common. In a ‘matching to meaning’ (MTM)
task chimpanzees correctly related short emotional video scenes portraying either
negative or positive emotional valence—for example, a scene named ‘inject’
portrayed chimpanzees being injected with darts and needles—to pictures portraying
either negative or positive emotional facial expressions, such as scream faces and
bared-teeth displays (Parr, 2001). According to Parr (2003a), the chimpanzees can
not rely on perceptual similarities to solve this task, but instead need to have an
understanding of the shared emotional meaning depicted by the video scene on the
one hand, and the correct facial expression on the other hand. Such perceptual
similarities can play a role in ‘matching to sample’ (MTS) tasks. An MTS task
consists, for example, in matching two out of three pictures of unfamiliar others.
Two of these pictures represent two different animals with the same facial expression,
such as a scream face, and a third picture represents yet another animal with a neutral
facial expression. In this task, the chimpanzees are asked to match stimuli based on
their physical similarity, e.g., matching facial expressions, whereas in the MTM task
chimpanzees are required to match stimuli based on their underlying emotional
similarity (Parr, 2003b).
Unlike monkeys, chimpanzees are able to recognize emotional similarity between
stimuli. Nevertheless, the data (Parr, 2001) do not show that chimpanzees have
a conscious understanding of the relationship between the emotion and the
facial expression. Parr argues (2003b) that the most reasonable explanation may be
that—by virtue of having experience with the situations that are depicted—the
chimpanzees’ responses are the result of emotional contagion. The observation of a
stressful situation, such as a chimp being injected with a dart, elicits a negative feeling
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in the chimpanzee and urges the chimpanzee to choose the facial expression related
to this feeling. According to Parr (2003a), the chimpanzees’ ability to make
discriminations based on emotional information nevertheless endows them with
a basic kind of emotional awareness that is a likely precursor to more cognitive forms
of mindreading found in humans.
It is unclear if the emotional awareness demonstrated by chimpanzees is the
relevant kind of emotional awareness, and if the capacities demonstrated by
chimpanzee involve the attribution of mental states or not. According to Vonk
and Povinelli (2006), these facts can’t be derived from the Parr’s (2001) experiment.
They argue that the chimpanzees’ success at this task might be the result of correctly
associating the behavior of the chimpanzee in the scene with the appropriate facial
expression, without representing the underlying emotion in any way.
Vonk and Povinelli (2006) argue that the emotions in the videos cannot be
depicted in the absence of the observable behavior with which they are correlated.
For example, when viewing the ‘inject’ scene it is possible that the chimpanzee
performing the task does not represent the underlying emotion fear in any way, but
instead correctly associates the typical behavior of a chimpanzee in fear with the
appropriate facial expression. They conclude that there is no need to invoke any
conceptual understanding or recognition of the underlying emotions to explain the
obtained results. There need not be any human-like TOM skills involved.
According to Vonk and Povinelli’s (2006) ‘Unobservability Hypothesis’ one of the
crucial differences between human and non-human minds is our ability to think
and reason about unobservable entities, such as God, ghosts and other minds.
Although many species form concepts about observable things and are able to use
these concepts in very flexible ways, only humans form concepts about purely
hypothetical things. In their view, a chimpanzee’s mind never loses touch with the
observable world around it. Their hypothesis has serious implications as to how a
chimpanzee’s TOM system might differ from our own. A human-like TOM system
entails that, aside from reasoning about behavior, one additionally reasons about the
underlying mental states, or unobservables, that give rise to that behavior.
In an attempt to determine whether chimpanzees can reason about mental states,
the Povinelli lab set out to assess chimpanzees’ understanding of the mental state
‘knowing’. When initial attempts failed to clearly establish this—for example
chimpanzees do not appear to understand that ‘seeing’ something hidden leads to
‘knowing’ its location—they focused their research on the aspect ‘seeing’ itself.
Although chimpanzees appear to be able to follow the gaze of others (Povinelli & Eddy,
1996) and exploit gaze cues to locate hidden food (Povinelli, Bierschwale & Cech 1999;
Povinelli, Dunphy-Lelii, Reaux & Mazza, 2002), they nonetheless do not appear to
appreciate the psychological aspect of ‘seeing’. A series of experiments dedicated
specifically to the concept ‘seeing’ investigated this issue. Prior to the actual
experiments, the chimpanzees were trained to request food from an experimenter by
making their species-typical begging gesture. During the actual experiments, the
chimpanzees could request food from one of two experimenters. One of the
experimenters could see the chimpanzees, whereas the other could not. Naturally,
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if the chimpanzees understood ‘seeing’ they would gesture to the experimenter that
could see them. For example, one experimenter had a blindfold over her mouth
whereas the other had a blindfold over her eyes. In this case, the chimpanzee should
gesture to the experimenter that has the blindfold over her mouth and not to the
experimenter that has the blindfold over her eyes. However, only in one of three types
of trial, where one experimenter was facing forward and the other had her back fully
turned to the chimpanzees, did the chimpanzees spontaneously gesture to the right
person. To test whether or not the chimpanzees were merely following a ‘gesture to
someone facing forward rule’ during the experiment, a new trial-variation was
designed. This time both experimenters had their back turned to the chimpanzees, but
one of them was looking over her shoulder and could indeed see the chimpanzees.
Surprisingly, the chimpanzees gestured at random to both experimenters. In time, the
chimpanzees learned to perform the various trials at above chance levels. What exactly
had these chimpanzees learned? Subsequent experiments led the researchers to
conclude that the chimpanzees did not make inferences about ‘seeing’, but instead
learned to use a prioritized set of observable features to determine if an experimenter
was looking at them or not. Instead of relying on representations about the mental or
attentional states of the experimenters, the chimpanzees appeared to follow three basic
rules in the following fashion: (1) gesture to experimenters that are facing forward, (2)
gesture to experimenters that have a visible face, and (3) gesture to experimenters that
have their eyes open (Povinelli et al., 2000). For example, having a choice between one
experimenter that is looking over her shoulder with her back turned and another that is
facing the chimpanzees with her eyes closed, the chimpanzees will more frequently
gesture to the latter experimenter. Based upon these experiments, one is led to
think that reasoning about mental states is beyond the reach of these non-human
great apes.
However, research by Hare et al. (2000; 2001) seems to show that chimpanzees
do possess some understanding of ‘seeing’ (Hare et al., 2000) and even ‘knowing’
(Hare et al., 2001). They claim that begging for food is an unnatural situation for
chimpanzees, since chimpanzees normally compete for food with their group mates
and have a long evolutionary history of doing so (Hare & Wrangham, 2002). To solve
this issue Hare et al. (2000) designed an experiment in which two chimpanzees,
one dominant and one subordinate, would compete over food. For example, the
subordinate could choose between two food sources: one food source was visible to
both animals and the other was only visible to the subordinate. Their main finding
was that the subordinate chimpanzees would much more often try to get the food
that only they could see. Moreover, to make sure that the subordinates were not
making their decision based on the behavior of the dominant, in a series of trials
the subordinates had to make a choice before they could see any action on the side
of the dominant. In another series of trials, the dominant’s door was down to
avoid the possibility that the subordinate’s behavior was driven by intimidation
or any other cues coming form the dominant. The same results were obtained as in
previous sessions. The second series of studies obtained similar results (Hare et al.,
2001) and provided evidence that chimpanzees can recall what a conspecific has and

Downloaded By: [Canadian Research Knowledge Network] At: 19:02 20 December 2010

Philosophical Psychology

51

has not seen in the immediate past. According to Hare et al. (2001) the subordinates’
behavior was not based on any kind of learning, since it did not change during the
course of experimentation. Overall, their data (Hare et al., 2000, 2001) suggests that,
at least in competitive situations, the chimpanzees know what conspecifics do and do
not see, and that they use this information strategically during social interactions.
Subsequent studies by Hare and Tomasello (2004) have shown that chimpanzees
are better at competitive tasks versus cooperative tasks. They claim that
chimpanzee TOM skills are adaptations to competitive problem situations
(Hare & Tomasello, 2004; Flombaum & Santos, 2005) and must therefore be
understood in their socioecological context (Hare et al., 2001).
Similarly, Gómez (1998, 2004) has shown that a female orangutan is
capable of understanding the mental state of ‘knowing’ versus ‘not knowing’
when a competitive element is added to the experimental set-up. The noncompetitive/cooperative framework involved the following situation: Dona sits in
her cage and in front of the cage there are two boxes locked with padlocks. The keys
to the padlocks are kept in a different container. A ‘baiter’ comes in the room, takes
the keys, opens one of the padlocks and places food in the box. A few seconds later
the ‘giver’ comes in the room and asks Dona where the food is (or waits for her to
make a request). When Dona points to one box, the ‘giver’ collects the keys, opens
the padlock, gives the food to Dona and puts the keys back. This scenario is repeated
several times. In the experimental trial, the ‘baiter’, after baiting the box, hides the
keys in a hiding place in the room and leaves. If Dona understands the mental state of
‘ignorance’ or ‘not knowing’ she will point not only to the food, but also to the
hiding place of the keys when the ‘giver’ comes into the room. The control condition
involves hiding the keys in the presence of the ‘giver’, or the ‘giver’ himself hiding the
keys, which would not evoke the same response of pointing both to the food and the
hiding place. Dona failed six experimental trials and thus showed no sign of
understanding at all. However, when a competitive element was introduced to the
experimental set-up, Dona successfully passed the test. When the keys were hidden by
a ‘stranger’ (unfamiliar to Dona) who entered the room after the ‘baiter’ had left,
upon seeing the ‘giver’, she correctly pointed at both the food and the hiding place of
the key in all seven experimental trials (Gómez, 1998, 2004).
Although these studies show some understanding of mental states in non-human
great apes, neither Hare et al. (2001) nor Gómez (2004) claim that they possess
human-like theory of mind skills. According to Hare et al. (2001), chimpanzees most
likely possess what they refer to as ‘‘Level 1 perspective taking’’ and define as
‘‘knowing that others can see things that I cannot and vice versa’’, but might not have
‘‘Level 2 perspective taking’’ which they describe as ‘‘knowing exactly what others see,
including that they see the same thing I do but from a different perspective’’
(Hare et al., 2001, p. 149). In their view, chimpanzees possess a representational
understanding of others’ behavior that allows them to foresee, remember
and manipulate others’ behavior. It might not allow them to recognize intentions
in others, or understand how things might look from their perspective and so on.
Although they most likely do not possess a full-blown human-like TOM system that
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would enable them to ‘place themselves in someone else’s shoes’, they do
possess some TOM skills that humans and apes can be said to have in common.
Indeed, recent work by Hare, Call and Tomasello (2006) suggests that chimpanzees
possess, at least, an intermediate level of intentional deception characterized by
actively concealing information from others. For example, a chimpanzee that is
attempting to retrieve a prized food item that is placed in the vicinity of a human
competitor, will actively conceal his behavior by initially moving out of the human
competitors’ sight, and hence, away from the food item, before proceeding to retrieve
it. In a similar vein, Gómez (1996) argues that chimpanzees form representations
about observable behaviors (what he refers to as ‘covert’ mental states). For example,
when a gorilla infant sees a sweet being hidden under a cloth, the gorilla will remove
the cloth and take the sweet. This shows that the gorilla ‘knows’ that the sweet is
under the cover. Humans and non-human great apes may share the ability to form
representations about observable behaviors (Gómez, 2004), but humans alone may
be capable of forming representations about things that are not related to the
observable world around us. For example, human four year-olds understand that
another child may have a representation of the world that does not conform to the
observable world around us, e.g. they understand false beliefs. Also, above and
beyond actively concealing, human deception involves intentionally misleading (i.e.
attempting to install a ‘false belief’ in a competitor).
Povinelli and Vonk (2003) make the distinction between ‘‘reasoning about
behavior’’ on the one hand, and ‘‘reasoning about the mental states that underlie that
behavior’’, i.e. human-like TOM, on the other. Based on the findings above, it is
questionable if such a strict demarcation applies to non-human great apes. It
nevertheless remains possible that, in line with Povinelli and Vonk’s (2003)
‘‘behavioral abstraction hypothesis’’, chimpanzees’ social skills are limited to
reasoning about mere behavior. This entails that chimpanzees have the ability to
(a) construct abstract categories of behavior, (b) make predictions about future
behaviors that follow from past behaviors, and (c) adjust their own behavior
accordingly. Though this is a plausible interpretation of the data, it is also plausible
that chimpanzees share at least some TOM skills with humans, though they don’t
possess a full blown human-like TOM system (Tomasello, Call & Hare, 2003).

3. TOM and Introspection
If chimpanzees are able to reason about behavior, but not about mental states, or
at least not to the extent that humans do, it appears that the difference lies in certain
additional cognitive mechanism(s) that made human-like TOM skills possible.
Decades ago Nicholas Humphrey (1986) claimed that the evolution of our ‘inner eye’
allowed for TOM. He argued that humans possess a kind of introspective awareness
that allows them to understand others in much the same way as they understand
themselves. Similarly, according to Gallup (1982) only those organisms that have the
capacity to introspect can possess TOM skills such as empathy, intentional
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deception, sorrow and the like. Moreover, Hauser (2000) claims, although he says
further research might prove him wrong, that true empathy requires human-like
self-awareness—the ability to understand one’s own beliefs and feelings—which,
according to him, non-human animals do not possess.
Can one claim that chimpanzees lack introspection? Although there is some
evidence of self-awareness in chimpanzees (Gallup, 1970), there is no hard evidence
for the existence of introspective abilities. Gallup (1982) maintains that the presence
of mirror self-recognition (MSR) in chimpanzees is indicative of their introspective
abilities. According to Gallup (1982), MSR reflects a sense of self that entails the
existence of a ‘mind’. ‘Mind’ in his definition is the monitoring of one’s own mental
states, in the sense of being able to distinguish between feelings of hunger, anger, fear,
etc. In his view, evidence of ‘mind’ is evidence of introspection.
Gallup (1970) designed the ‘mark test’ to assess MSR in non-human animals.
The ‘mark test’ consists of placing an odorless and tactile free mark on the eyebrow
and above the opposite ear of anesthetized chimpanzees. Before the sedation, the
chimpanzees had been exposed to a mirror for a prolonged time, allowing them to
learn about their own reflection. After being fully recovered, the chimpanzees were
observed for 30 minutes to account for spontaneous touching of the marked area
(mirror absent condition). During the 30 minutes mirror absent condition after
anesthesia, only one instance of mark-directed behavior was recorded. When the
mirror was reintroduced, the chimpanzees’ mark-directed behavior increased up to
four or ten times (mirror condition). As a control, chimpanzees that were not
mirror-exposed prior to being marked did not show mark-directed behaviors when
exposed to a mirror (Gallup, 1970; Schilhab, 2004).
There are two parts to Gallup’s theory: first, that the ‘mark test’ is a genuine
indicator of MSR (Gallup, 1970); second, that MSR is indicative of introspection, and
as such allows for introspectively based TOM skills such as empathy, deception and
the like (Gallup, 1982). Gallup’s MSR results have been reproduced numerous times
(e.g., Lethmate & Dücker, 1973; Kitchen, Denton & Brent, 1996; Suarez & Gallup,
1981). Nevertheless, both claims remain contested in the literature (Heyes, 1994,
1998; Mitchell, 2002).
Several studies in the last decade have demonstrated persuasive evidence for
the claim that the mark test gives insight into an animal’s possession of MSR (Van Den
Bos, 1999; Povinelli et al., 1997; Barth, Povinelli & Cant, 2004). The more controversial
question remains whether MSR is an indicator of a more general self-concept and/or
introspective abilities (Gallup, 1982). An alternative to Gallup’s (1982)
interpretation of the ‘mark test’ was brought forward by Robert Mitchell (2002): the
‘‘kinesthetic-visual matching’’ hypothesis (p. 345). Mitchell claims that the
chimpanzees’ behavior in front of the mirror and their apparent ability to recognize
their own image, is based upon their ‘‘kinesthetic-visual matching’’ skills. Mitchell
describes ‘‘kinesthetic-visual matching’’ as ‘‘the recognition of similarity between
the feeling of one’s own body’s extent and movement (variously called ‘‘kinesthesia,’’
‘‘somasthesis,’’ or ‘‘proprioception’’) and how it looks (vision)’’ (Mitchell, 2002,
p. 346). This ability to visualize one’s own body in action or at least have a very general

Downloaded By: [Canadian Research Knowledge Network] At: 19:02 20 December 2010

54 F. Focquaert et al.

idea of one’s various body parts and their relative positions, allows chimpanzees to test
the similarity between their own body and the mirror image, and consequently enables
them to learn that the image in the mirror is like their own. According to Mitchell
(2002) such kinesthetic-visual matching skills allow for MSR; they do not, however,
entail the existence of a sense of self as outlined in Gallup’s (1982) theory. Rather, they
entail a kind of bodily awareness common to both chimpanzees and humans. In the
same vein, Barth et al. (2004) claim that the ‘mark test’ is indicative of a kinesthetic
representation of the self, but not of a self-concept or mental representation of the self
per se. As is the case for human children, they defend the position that MSR reflects the
ability to visually represent one’s current body state and explicitly relate this image to
the mirror image. Their research with human children revealed that MSR does not
necessarily imply that a child has a self-concept that extends further than the present
similarity between the child’s own body image and the mirror image. Most children
between 18 and 24 months show signs of MSR. They are able to use mirrors or live
video feedback to locate and inspect marks on their face (Povinelli et al., 1996).
However, children younger than four years of age do not reach above chance levels
when performing a delayed self-recognition task. For example, in one of the delayed
self-recognition experiments Povinelli et al. performed, the two- and four-year-old
children are videotaped while an experimenter covertly places a sticker on their
forehead during an unusual game. After the game, the children are shown the
videotape of the game including the scene where the experimenter places a sticker on
their forehead. Only the four year olds reach up to remove the sticker when the video
revealed it being placed on their forehead. Although the younger children are generally
capable of recognizing themselves in the delayed video, they do not seem to relate the
delayed image to their present selves (Povinelli et al., 1996). This implies that MSR
does not necessarily reflect a more general self-concept encompassing past, present and
future. At the very least, there is no need to invoke a more general self-concept to
explain the results obtained during the ‘mark test’ in both humans and chimpanzees.
The recognition of the similarity between one’s mirror image and one’s kinesthetic
body image is sufficient to explain the results.
Moreover, most children with autism succeed at the ‘mark test’ (Mitchell, 1997)
although individuals with autism spectrum conditions (ASCs) typically have
impaired self-awareness, i.e. impaired introspection (Hurlbert, Happé & Frith,
1994; Happé, 2003) and theory of mind impairments (Baron-Cohen, Tager-Flusberg
& Cohen, 1993; Frith & Happé, 1999). For example, children with autism typically
fail false belief tasks (Baron-Cohen et al., 1993). Hurlbert et al. (1994) tested the
introspective skills of three individuals with Asperger syndrome, showing their inner
world to be very much unlike that of a normal adult. Reports normally obtained from
participants included the following (singly or in combination): verbal inner
experience, visual images, feelings (located in the body) and un-symbolized thinking
(thoughts without words or pictures associated with them). In contrast, individuals
with Asperger syndrome exclusively described visual inner experiences. In reference
to Gallup’s theory (1982) on MSR and TOM skills such as empathy and deception
detection, it is important to mention that ASCs are associated with impaired
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empathizing skills (Baron-Cohen, 1995; Baron-Cohen & Wheelwright, 2004), and
that deception detection is deeply affected in these individuals (Grandin, 1995; Frith
& Happé, 1999). For example, Temple Grandin (1995), an individual with autism,
claims that unlike other individuals, she is ignorant to the subtle facial cues that may
reveal deceitful intentions in others: ‘‘I had to learn to be suspicious, I had to learn it
cognitively . . . I couldn’t see the jealous look on his face’’ (Grandin, 1995, p. 15). In
conclusion, Gallup’s (1982) claim that MSR is indicative of introspection and TOM
is not supported (Mitchell, 1997).

4. Is Introspection Relevant?
Assuming that introspection is uniquely human, the following question remains: how
does introspection relate to TOM? There are two main theoretical views on how
mindreading comes about, theory-theory (TT) and simulation theory (ST), along
with several hybrid accounts involving both theory and simulation (see Carruthers
& Smith, 1996; Goldman, 2006; Nichols & Stich, 2003). Rationality theory (RT) is a
possible third option (Goldman, 2006). The main question for our purposes is,
of course, if introspection plays a distinctive role in the attribution of mental states
according to (any of) these views.
RT claims that individuals are rational agents acting according to rational
principles. Basically, if an individual wishes to discern what someone thinks, wants,
etc.., he/she will infer this by appealing to what rationality dictates under such
circumstances. Dennett (1987) defends an RT approach arguing that all mental state
attribution, including self-attribution, is managed by rationality principles.
Introspection is generally not part of the RT paradigm.
TT claims that the attribution of mental states occurs by virtue of ‘‘an implicitly
held theory of the structure and functioning of the human mind’’ (Carruthers
& Smith, 1996, p. 3). An example is the child scientist approach in which the child is
seen as a scientist, modifying and reconstructing a theory of the world to best fit the
facts at hand. In Gopnik’s (1993) child scientist view, mental state attribution,
including self-attribution, is achieved by means of theoretical inference. This is TT in
its purest form. Introspection is not part of it. However, more diluted TT
accounts might defend that third-person attribution relies on theoretical inference,
while self-attribution is the result of self-monitoring (Goldman, 2006, p. 25).
Generally, TT accounts do not attribute a role to introspection. Mental states are
typically seen as ‘‘unobservable’’ or ‘‘abstract’’ and as such cannot be known or
understood by means of introspection (Goldman, 2006, p. 259).
ST claims that mindreading does not originate from any kind of theory, but
involves the ability to place ourselves in someone else’s ‘shoes’ and imagine how
the world looks like from their perspective. The observer simulates the mental word
of the target by pretending to share his/her initial states, i.e. thoughts and emotions,
and makes a decision based on those pretend states. These pretend states need not be
arrived at consciously. They may be the result of emotional contagion, in which case
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the concept simulated states is more applicable. After making a decision in the
pretend mode, the observer predicts that this is the decision the target will make, and
projects it onto the target. Goldman refers to this as ‘‘simulation-plus-projection’’
(Goldman, 2006, p. 40). ‘Simulation’ can be defined as the occurrence of a similar
‘experiential’ and/or psychological state in the observer as in the target, not acted
upon by the observer. According to some ST accounts, introspection allows one to
access these shared states (Carruthers & Smith, 1996).
Whereas Goldman’s (1989, 2006) ST account defends the priority of introspection,
Gordon (1996) defends a ‘radical’ simulationism that does not presuppose
introspection. Goldman (2006) argues that ‘‘introspection is a common, indeed
standard, way by which people recognize, discriminate, or detect the mental types of
one’s current mental tokens,’’ (p. 259). As such, it allows us to distinguish between
beliefs, desires, feelings, goals, aspirations, needs, etc.: ‘‘Third-person mindreading by
simulation borrows classifications of one’s own states to classify states of others’’
(p. 223). In line with traditional ST accounts, Goldman (2006) thus argues
that first-person mindreading (i.e. mindreading one’s own mind) and third-person
mindreading (i.e. mindreading others’ minds) both use introspection,
introspection being part of the simulation-plus-projection routine involved in
third-person mindreading. According to Gordon (1995, 1996), rather than a transfer
or projection from self to other, simulation-based mindreading involves a
transformation on behalf of the mindreader, much like actors who become the
characters they play. As such, during mindreading, I do not consider what I would,
think, do, etc. in your situation, but rather what you, the other, would think, do, etc.
And, as Gordon (1995) puts it: ‘‘As the term ‘introspection’ is commonly
understood, one can introspect only one’s own mental states’’ (p. 57). Opposing
Gordon’s account, Goldman (2006) refers to empirical evidence linking introspection
and third-person mindreading (e.g. Johnson et al., 2002; Kelley et al., 2002; Mitchell,
Banaji & Macrae, 2005; Schmitz, Kawahara-Baccus & Johnson, 2004). These and
other studies are discussed in x5.1.
Defending an introspection-based ST account, we similarly claim that, although
simulation in itself need not involve mental state attribution, simulation-based
mindreading nevertheless does. It requires an interpretation (implicit and/or explicit,
un-verbalized and/or verbalized) of the shared psychological state of the observer and
target in terms of mental state concepts, by means of introspection. Simulation itself
reflects the occurrence of a shared experiential/psychological state between two
individuals. It need not involve an interpretation of that shared state in terms of
specific thoughts and feelings. Simulation-based mindreading does require such an
interpretation. During simulation-based mindreading, the mindreader attributes
specific thoughts and feelings to the target based upon his/her interpretation of this
shared experiential/psychological state. As such, simulation-based mindreading
requires the recognition of one’s own mental states, and in humans, typically involves
the explicit naming of those mental states during attribution.
A recent behavioral study on self-awareness and deception detection
(Johnson et al., 2004) demonstrates that self-awareness and TOM are indeed
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related abilities. The participants were presented with video-segments of various
individuals either telling the truth or lying (‘faking good’ or ‘faking bad’) and were
asked to indicate whether these individuals were truthful or deceitful. To test for
possible self-awareness effects, the introspective skills of the participants were
measured using the private self-consciousness scale (Fenigstein et al., 1975). The
overall results indicated that the higher an individual’s private self-consciousness, i.e.
introspection, the better they are at detecting deception. Moreover, as discussed
previously, studies on ASCs equally reveal a link between introspection and theory of
mind (Hurlbert et al. 1994; Frith & Happé, 1999).
In the remainder of this paper, we will outline a cognitive neuroscience approach
to mindreading congruent with introspection-based ST accounts. In overall defense
of ST accounts, recent findings in cognitive neuroscience suggest that an individual’s
own experiences lie at the heart of their TOM skills (Gallese & Goldman, 1998;
Goldman & Gallese, 2000). The premotor area F5 in macaque monkeys holds a newly
discovered class of visuomotor neurons deemed mirror neurons (MNs) or F5
neurons: ‘‘Mirror neurons appear to form a cortical system matching observation
and execution of goal-related motor actions’’ (Gallese & Goldman, 1998, p. 493).
The same neurons fire when a monkey executes actions itself and when it observes
similar actions in others. A comparable action/observing matching system has been
found in humans comprising, at least, Broca’s region (inferior frontal gyrus, IFG), the
primary motor cortex, the superior temporal sulcus (STS) area and the parietal
cortex (Iacoboni et al., 1999; Rizzolatti & Craighero, 2004). According to Gallese
and Goldman (1998) MNs represent a primitive version or possibly a precursor in
phylogeny of a simulation system that underlies human mindreading. MN activity
seems to place an observer in the same ‘mental shoes’ as the target. Indeed, the
creation of a similar state in the observer as witnessed in the target is in line with
simulation approaches to mindreading that defend a kind of mental mimicry based
on one’s own experiences. As Goldman and Gallese (2000) mention, not every
instance of mindreading necessarily requires a correspondent experience in oneself.
Their view on simulation holds that mindreading skills ultimately rest on our own
experiences, meaning that one can equally attribute mental states to others based on
certain ‘rules of thumb’ that are derived from earlier cases of simulation
(see Goldman & Gallese, 2000). Notwithstanding recent criticisms of ST accounts,
this interpretation leaves room for non-mirroring simulation or a partially
theory-based approach to mindreading, although not one involving the kind of
detached theorizing or ‘‘cold methodology’’ (Gordon, 1996, p. 11) that is generally
assumed in TT accounts.
Arguing against ST, Saxe (2005) claims that the errors that children and adults
make when attributing mental states to others are not consistent with MN-accounts
of mindreading, favoring a TT approach to mindreading instead. She mentions that
four year olds do not understand the concept ‘ignorance’, that three year olds do not
possess a complete theory regarding the sources of knowledge, and refers to
the developmental time course of the errors children make (2005). For example, a
three-year-old might not understand that individuals distinguish between a red and
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a green ball by means of vision, but not by touching (source knowledge).
Although young children typically possess beliefs and desires of their own around
two years of age and typically correctly reason about others’ desires at that time, it is
not until at least one year later that they correctly reason about beliefs. According to
Saxe, such a differential developmental time course for beliefs and desires must reflect
a difference in the children’s command of the concepts of belief and desire. According
to TT, a child’s mental state concepts are underpinned by their theory about the
mind, and it is not until at least the third year of life that a child may acquire
a full representational theory about the mind that captures the notion of
misrepresentation, and hence allows the child to correctly reason about beliefs.
However, according to Goldman and Sebanz (2005), this is not a convincing
argument against ST, since the idea of two (or more) types of simulation (e.g.
mirroring versus non-mirroring simulation) is in line with a differential time course
for desire and belief understanding in the young child. More specifically, it opens up
the possibility of one type of simulation developing earlier than the other. Strongly
opposing Saxe’s view are recent findings by Onishi and Baillargeon (2005) which
show that children as young as 15 months of age show signs of implicit false belief
understanding (as measured by their gaze behavior during a non-verbal ‘Sally/Anne
task’). There is substantial evidence that children’s failure to pass explicit false belief
tasks is due to limited processing (e.g. memory, inhibition) skills (for example,
Mitchell & Lacohee, 1991; Saltmarsh et al., 1995); reflecting a processing rather than a
conceptual change in the young child (Goldman, 2006).
According to Saxe (2005) adult’s errors consist of systematically inaccurate and
oversimplified beliefs about beliefs, involving mismatches between what we expect
and what individuals actually do. We have overly optimistic expectations about the
rationality of others’ reasoning skills. Moreover, although we know that beliefs are
sometimes false and that reasoning can be irrational, we attribute such lines of
thinking more often to others than to ourselves. As a consequence, we tend to
overestimate the prevalence of self-serving reasoning in others. Saxe (2005) claims
that this congruence between people’s beliefs about how the mind works and the
actual mindreading errors they commit, gives us reason to believe these beliefs about
others’ minds are actually being used when we attribute mental states. She argues this
is a problem for strong ST accounts, since simulators do not explicitly represent all
minds functioning in the same way; rather, they simply derive information on how
the mind works from their own mind.
This might indeed be a problem for ST accounts that rely solely on MN-based
simulation processes. However, most, if not all current ST accounts of mindreading
are not limited to MN-based processing. They may allow that mirror-like or
non-mirroring simulation reflects the more cognitive aspects involved in
mindreading (Focquaert & Platek, 2007; see 5.1.). Several fMRI studies have shown
that areas outside of the human MNS are active during mindreading. It is therefore
unlikely that ST in its strongest form, as Saxe (2005) argues against, provides an
adequate account of human mindreading. ST accounts that do not exclusively rely on
mirroring to explain mindreading, however, have no problem explaining errors in
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mindreading. Furthermore, these accounts of adult simulation-based mindreading
need only invoke an attempt to correctly replicate/attribute someone else’s mental
state by taking his/her perspective. Such perspective-taking undoubtedly suffers from
systematic attribution errors. Considering that ST claims that this attempt originates
from one’s own standpoint, poor perspective-taking, reflecting the observer’s
‘egocentricity’, is not unlikely. Last but not least, hybrid ST accounts allow for
theorizing (non-simulation-based processing) to play a role in mindreading
(Goldman & Sebanz, 2005).

5. Neurological Implications
5.1. Introspection-based Simulation Theory
Is there any reason to assume that self-awareness is related to TOM in the human
brain, both at a MN level (‘experiential’ processing), and at more cognitive levels
(introspection), of neuronal functioning? More specifically, do we find evidence of
mirroring simulation, reflecting simulation-type processing in MN areas (i.e. motor
and viscero-motor regions containing MNs), as well as evidence of mirror-like
simulation, reflecting simulation-type processing in non-MN brain areas
(i.e. common activation in non-motor areas and/or common activation in
non-motor single cells)? Undoubtedly, yes.
First of all, several imaging studies in normal individuals have revealed a mirroring
mechanism that is implicated in social cognition and empathic processing, although
the precise role of such a mirroring mechanism during explicit mindreading
(i.e. mental state attribution) remains to be assessed (Goldman, 2006). According to
Gallese, Keysers and Rizzolatti (2004), the mere observation of an action or emotion
triggers the activation of the neural substrate, or at least part of it, involved when
performing or experiencing that action or emotion oneself. Indeed, a study by Carr
et al. (2003) showed robust activation in MN areas in normal individuals during the
observation and imitation of emotionally expressive faces. (the emotional face
mirroring mechanism). Moreover, Wicker et al. (2003) found common activation
(anterior insula (AI) and anterior cingulate cortex (ACC)) for experiencing disgust
oneself and observing disgust in others. (the disgust mirroring mechanism). Singer
et al. (2004) conducted a study on pain-processing that revealed common activation
in the ACC and AI when receiving a pain stimulus oneself and perceiving a similar
pain stimulus in others (not directly observing, but anticipating). According to
Gallese et al. (2004), Singer’s study is in line with their viscero-motor mirror
matching theory of emotional understanding, since the AI and ACC are motor(related) structures (the pain mirroring mechanism). Morrison, Lloyd and Roberts
(2004) found similar results when comparing one’s own pain experience to visual
stimuli of someone else receiving a similar pain stimulus. Singer et al.’s (2004) study
found that individuals’ scores on two commonly used empathy measures was
correlated with their ACC activation when perceiving someone else’s pain. Moreover,
the empathic processing was elicited in the absence of a direct emotional cue,
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indicating the human ability to think about ‘unobservables’ (Povinelli & Vonk,
2006). A similar link between empathic processing and mirroring was found by
Gazzola et al. (2006) when investigating the auditory mirror system in humans
(the auditory action mirroring mechanism).
Second, several studies have shown that individuals with ASCs have introspection
deficits and TOM impairments, while at the same time showing MN abnormalities
both functionally and anatomically. Villalobos et al.’s (2005) findings suggest
abnormalities in the frontal components of the dorsal stream in autistic individuals
(abnormal functional connectivity between the primary visual cortex and inferior
frontal lobe), which is consistent with the MN dysfunction hypothesis. Research on
face processing in ASCs has shown abnormal processing in the STS compared to
normal individuals (Pelphrey, Morris & McCarthy, 2005). The STS is indirectly
connected to the ventral premotor cortex (vPM) by virtue of the inferior parietal
lobule, which are all MN (or MN-related) areas. One of the major inputs to the vPM
comes from the inferior parietal lobule, which is in turn reciprocally connected to the
STS region (Gallese, 2001). In a recent fMRI study, children with ASCs did not show
activation in the IFG while imitating or simply observing emotional faces. Moreover,
their abnormality in MN functioning was inversely related to the level of social
impairment manifested by each individual child (Dapretto et al., 2006). Oberman
et al. (2005) found EEG evidence for MN impairments in ASCs: there was no
suppression of presumed MN brain activity in the sensorimotor cortex while
performing hand movements, while normal individuals show suppression both when
performing hand movements and observing similar movements in others.
In reference to anatomical abnormalities, Hadjikhani, Joseph, Snyder and TagerFlusberg (2005) found significant thinning of MN areas in ASCs such as the IFG, the
inferior parietal lobule and MNS-related areas such as the STS (the STS codes for
movement observation, not execution; see Rizzolatti & Craighero, 2004). McAlonan
et al. (2002) equally found volume decreases in frontal and parietal areas. A Diffusion
Tensor Imaging (DTI) study looking at white matter structures in ASCs found
reduced values in regions adjacent to the vPM cortex and the STS, which are MN or
MNS-related regions, and also in the anterior cingulate gyri, the temporoparietal
junctions, the temporal lobes approaching the amygdala bilaterally, the occipitotemporal tracts and the corpus callosum (Barnea-Goraly, 2004). If the social deficits
found in ASCs can be related to MN impairments, this would imply a disruption or
lack of ‘experiential’ processing (i.e. MN processing in premotor and parietal
regions) that may lie at the root of their overall impairments in self-awareness and
TOM. Although ASC brain abnormalities are not confined to MN areas (McAlonan
et al., 2005), these areas do form a crucial component of their overall pathology,
basically disrupting their ability for ‘experiential’ processing.
Third, in normal individuals several studies have shown that self-awareness and
TOM comprise similar neurological activation patterns. An fMRI study by Ochsner
et al. (2004) on emotional attribution showed that the attribution of emotions to self
and other elicit shared neurological activation in several social brain areas.
Participants in the study were asked either to identify the emotional response of
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the central character depicted in photographs (pleasant, unpleasant or neutral), or to
identify their own emotional response to each photograph, i.e. self condition,
in comparison to control questions that concerned the location of the depicted scene
(indoors, outside, or not sure). Common activation for self and other was found in
the MPFC, lateral PFC, posterior cingulate cortex, and STS. Vogeley et al. (2001)
found shared prefrontal activation for self and other mental state attribution.
Participants were instructed to read four different kinds of short stories: physical
stories (control condition); theory of mind stories (other condition); self stories
involving theory of mind (self and other condition); self stories without theory of
mind (self condition). Each story was followed by a question focusing on the specific
nature of the story, e.g. physical, other-related, self- and other-related, and
self-related. Common activation for the other condition and self-condition was
found in the right prefrontal cortex. Gusnard, Akbudak, Shulman & Raichle (2001)
and Johnson et al. (2002) found MPFC activation for introspective judgments and
self-reflection. Self-reflective thought activated the anterior regions of the MPFC.
Reflecting upon current emotions also activates this region (Lane, Reiman, Ahern,
Schwartz & Davidson, 1997; Gusnard et al., 2001). In a study by Kelley et al. (2002)
participants were asked to make judgements about trait adjectives that were either
self-relevant, other-relevant or case judgements. Both the self-condition and the
other-condition elicited decreases in MPFC activity. This effect was more
pronounced for other judgements resulting in stronger MPFC activity during the
self-condition compared to the other-condition. Similarly, an fMRI study by Schmitz
et al. (2004) revealed common MPFC activation for self-evaluation and otherevaluation (close friend or relative) of a stimulus set of thirty adjectives covering a
broad range of personality traits (e.g. intelligent, shy). More recently, Mitchell et al.
(2005) found activity in a region of the ventral MPFC that correlated with perceived
self/other similarity, and more importantly, this effect was only seen for mental-state
trials and not for non-mental-state trials. Frith and Frith (2003) mention that out of
12 mindreading studies that they reviewed, all showed MPFC activation. Posterior
STS activation was found in 10 out of 12 mindreading studies. The MPFC has
extensive connections to the STS, which is considered to be a MNS-related area. The
MPFC region involved in these studies is the most anterior part of the paracingulate
cortex which is often considered to be part of the anterior cingulate cortex (ACC)
(Frith & Frith, 2003). Interestingly, the ACC proper is involved in attributing pain to
self and others (Singer et al., 2004).
To summarize, we previously mentioned MN research in monkeys and humans
that argues in favor of mirroring simulation-based mindreading. Although the
precise role of mirroring simulation-type processing during mindreading remains to
be assessed (Goldman, 2006), our first and second point further strengthens this
claim by addressing mirroring mechanisms involved in normal social cognition and
looking at MN deficits in ASCs. Our third point argues in favor of mirror-like
simulation related to more cognitive neuronal activity in humans, highlighting the
involvement of introspection or reflective thought during mindreading. Basically, we
argue that, during mindreading, mirroring simulation contributes to a shared
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experiential state between observer and target, whereas mirror-like simulation
reflects cognitive mechanisms common to introspection and TOM. Although
providing a strong case in favor of introspection-based simulation theory
accounts of mindreading, the above-mentioned studies do not exclude the possibility
of non-simulation-based mindreading.
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5.2. Human and Chimpanzee Brains
Although not much is known about the developmental and evolutionary mechanisms
underlying the emergence of human-specific brain features (Pollard et al., 2006), the
recent publication of the initial sequence and analysis of the chimpanzee genome
allows us to compare our own genome to that of our closest living relative (Sikela,
2006). Such knowledge may eventually allow us to identify the human-specific
genomic changes underlying the evolution of the human brain and how these are
related to human-specific brain anatomy and functioning. Genes that are potentially
related to the evolution of uniquely human cognitive abilities, such as the FOXP2
gene involved in speech production (Enard et al., 2002) and the ASPM gene affecting
brain size (Evans et al., 2004) are currently being identified (Pollard et al., 2006;
Popesco et al., 2006; Sikela, 2006).
As mentioned, the human ACC is involved in emotional mindreading and
adjacent to the MPFC (BA 32) which is implicated in mindreading. A special type of
deep layer-neurons called spindle cell pyramidal neurons has been located in the
ACC. These spindle cells are unique to humans and non-human great apes and are
especially prominent in the human brain. They are not found in monkeys (Allman,
Hakeem, Erwin, Nimchinsky & Hof, 2001, Hill & Walsh, 2005). The human spindle
cells are more than twice as large as those in chimpanzees and bonobos, and three
times as large as those in gorillas and orangutans. Histologically the ACC shows
human-specific features, although the chimpanzee ACC gene expression profiles are
closer to humans than to the gorilla or any other catarrhine primates (Uddin, Kaplan,
Molnar-Szakacs, Zaidel & Iacoboni, 2005). Spindle cells have long-distance
projections and are believed to be widely connected with diverse parts of the brain
(Allman et al., 2001). The paracingulate cortex (BA 32), i.e. a region of the MPFC
involved in mindreading tasks, although often included in the ACC, is deemed a
cingulofrontal transition area sharing features of both cingulate and frontal cortices
(Devinsky, Morrell & Vogt, 1995). Whether or not the recent evolutionary change in
the ACC bears any relevance to the structure and function of this region in humans
remains to be determined (Frith & Frith, 2003).
Taking into account that the human ACC and MPFC has been implicated in
self-awareness and TOM, these brain regions might constitute part of the
brain-network that is involved in human and non-human primate differences in
mindreading. As mentioned, MN activity (IFG, STS, IPG) might constitute the basis
of simulation-based mindreading, although it appears that more cognitive areas
such as the MPFC and ACC, also operating by means of shared activation patterns
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for self and other, i.e. simulation, are as much involved in this process as MN regions
(Focquaert & Platek, 2007).
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6. Conclusion
Now that the initial sequence of the chimpanzee genome is known, the focus of many
researchers is on determining those genomic differences between chimpanzees and
humans that set us apart. Establishing a link with phenotypic traits is still far from
obvious, so it remains important to focus on both genotypic and phenotypic
differences in the search for human-unique and chimpanzee-unique features.
The presence of human-like TOM skills in non-human great apes has been a major
focus of comparative cognitive research. Chimpanzees are, at the very least, capable
of reasoning about behavior. Much less certainty exists about their ability to reason
about mental states. Based upon the current findings, it is unlikely that chimpanzees
possess a full-blown TOM system.
We propose that the difference in human and non-human mindreading lies in the
human ability to introspect, which is presumably lacking in non-human great apes.
Defending an introspection-based ST account of human mindreading, recent
findings in cognitive neuroscience strongly suggest that the attribution of mental
states to self and others is indeed intertwined anatomically and functionally, both at
an ‘experiential’ level and a more ‘cognitive’ level of neuronal functioning. Future
research should focus on the interplay between both levels and how this might
contribute to human-specific mindreading.
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