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Abstract

Being able to discriminate between what originates from ourselves and what originates from others is critical for effi-
cient interactions with our social environment. However, it remains an open question whether self-other distinction is a
domain-general mechanism that is involved in various social-cognitive functions or whether specific ‘self-other distinction
mechanisms’ exist for each of these functions. On the neural level, there is evidence that self-other distinction is related
to a specific brain region at the border of the superior temporal and inferior parietal cortex, the temporoparietal junction
(TPJ). Demonstrating that the TPJ plays a role in social processes that require self-other distinction would support the idea
of a domain-general mechanism of self-other distinction. In the present paper, we review evidence coming from clinical
observations, neuroimaging experiments and a meta-analysis indicating the involvement of the TPJ in various cognitive
operations requiring self-other distinction. At the perceptual level, we discuss the human ability to identify one’s own body
and to distinguish it from others. At the action level, we review research on the human ability to experience agency and the
control of imitative response tendencies. Finally, at the mental-state level, we discuss the ability to attribute mental states to
others. Based on this integrative review, we suggest that the TPJ, and in particular its dorsal part, supports a domain general
ability to enhance task-relevant representations when self-related and other-related representations are in conflict. Finally,
this conception allows us to propose a unifying architecture for the emergence of numerous socio-cognitive abilities.
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Introduction

Being able to distinguish what originates from ourselves
and what originates from others is critical when interact-
ing with our social and non-social environment (Jeannerod
2003). First, at the most fundamental, the perceptual level, it
allows us to have an accurate representation of our body, its
present characteristics and its boundaries (sense of owner-
ship). Second, at the motor level, being able to distinguish
sensory consequences of our own actions from sensory
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events produced by other people’s behavior constitutes the
minimal setting to experience the sense of agency over our
own actions and adapt our behavior to its direct environmen-
tal constraints (Jeannerod 2003). Alterations of the sense of
agency might be central to psychotic disorders and halluci-
nations (Blakemore et al. 2000; Daprati et al. 1997). Finally,
at the mental representation level, distinguishing between
our own and other’s beliefs, desires and intentions allows
us to navigate efficiently in the social world. Self-other dis-
tinction seems therefore to be a necessary component for a
wide range of social-perceptual, motor-cognitive and social
functions. This raises the crucial question whether self-
other distinction constitutes a domain-general mechanism
common to all these different functions or whether multi-
ple mechanisms for self-other distinction exist? A neural
recycling approach (Corbetta et al. 2008) might favor a sin-
gle mechanism that has developed on a basic sensorimotor
level and then extends to more complex levels of mental
state representation (Brass et al. 2009). Alternatively, spe-
cific modules allowing to distinguish between self and other
may exist for each kind of psychological function such as
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perception, agency and mental state representation. One way
to address this question is to investigate whether self-other
distinction in different domains recruits different or similar
neural resources (Happé et al. 2017).

A potential candidate brain region for a domain-general
self-other distinction mechanism is the temporoparietal junc-
tion (TPJ) that has been linked to various cognitive opera-
tions requiring self-other distinction (Farrer et al. 2003;
Saxe and Kanwisher 2003; Sperduti et al. 2011; Uddin
et al. 2006). It is however important to keep in mind that the
TPJ has not only been related to social-cognitive functions
requiring self-other distinction but rather to a large range of
psychological functions (Bukowski and Lamm 2017). This
brain region is for example commonly discussed as playing
a central role in attention reorientation (e.g. Corbetta and
Shulman 2002; Serences et al. 2005), language processing
(e.g. Just et al. 1996; Pulvermiiller 2005), episodic memory
(e.g. Cabeza et al. 2012), as well as in a vast variety of social
cognition tasks ranging from moral judgements (e.g. Young
et al. 2010) to mental states’ ascription (e.g. Lombardo et al.
2010; Saxe and Kanwisher 2003). Given the lack of specific-
ity that currently exist in the neuroscientific literature regard-
ing TPJ function, it is an open question whether TPJ may
constitute the neural substrate of a domain-general self-other
distinction mechanism. In the present paper, we aim to sum-
marize the involvement of TPJ in different social-perceptual,
motor cognitive and mental representational functions that
require self-other distinction. To achieve this goal, we will
first define the TPJ on a neuroanatomical level. We will then
discuss different kinds of psychological processes relying
on the distinction between self and other and confront their
respective neurological substrate. Finally, on the basis of this
review, we will propose an integrative view concerning the
role of the temporoparietal junction in self-other distinction.

Intrinsic and Extrinsic Heterogeneity Within
the Concept of TPJ

The temporoparietal junction (TPJ) is located at the bor-
der of the posterior superior temporal and inferior parietal
lobes. Importantly, despite its common use in the neurosci-
ence literature, its description remains largely unspecific,
not mapping precisely onto any specific anatomical land-
marks (Carter and Huettel 2013). The large range of psy-
chological process supposedly linked to the TPJ could then
be a mere consequence of its fussy anatomical definition.
An anatomical definition that takes into account the lack of
clear anatomical landmarks, was put forward by Bukowski
and Lamm (2017). They proposed to imagine a straight line
connecting the end of the lateral sulcus (Sylvian fissure) to
the rostro-lateral edge of the occipital cortex (see Fig. 1,
dashed red line). This imaginary line would represent the
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Fig. 1 Illustration of the anatomical features of the brain that are
encompassed under the label “Temporoparietal Junction” (left hemi-
sphere is here depicted). The TPJ is characterized by the red ellipse.
Covered brain regions are represented in orange (supramarginal
gyrus), cyan (superior temporal gyrus), green (angular gyrus) and
pink (superior temporal sulcus). The Wernicke area is depicted as a
blue squared grid

strict delimitation between the temporal and parietal lobes
and the brain area directly surrounding it constitutes the
“temporoparietal junction” (red ellipse). The region located
above the imaginary line will be referred to as the dorsal part
of the TPJ, and the region located below as the ventral part.
The dorsal part of the TPJ would then encompass the more
ventral part of the supramarginal gyrus (SMG, represented
in orange) and the ventral part of the angular gyrus (AG,
represented in green). The ventral part of the TPJ consists of
the most dorsal extent of the superior temporal gyrus (STG,
represented in cyan) and the most posterior extents of the
superior temporal sulcus (STS, represented in pink). Hence,
the TPJ encompass many brain structures and, consequently,
receives input from numerous others, including the lateral
and posterior thalamus, the lateral anterior, medial anterior
and ventral prefrontal cortex, the anterior insula, as well as
the visual, auditory, somesthetic, and limbic areas (Bzdok
et al. 2013; Mars et al. 2012; Nieuwenhuys et al. 2007).

As it is the case for most cortical structures, the TPJ is
bi-laterally present. However, some lateralization of specific
functions has been reported in the literature (e.g. Saxe and
Kanwisher 2003). Given the wide range of brain structures
that is encompassed under this denomination, differentia-
tion between anterior and posterior, as well as between ven-
tral and dorsal parts of the TPJ should also be considered
when interpreting brain imaging evidence. As pointed by
Bzdok et al. (2013), the lack of specificity of the anatomical
definition, in addition to the inclusion of findings based on
relatively small sample sizes may have contributed to the
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heterogeneity of previous findings concerning the precise
role of the TPJ. The aim of the present paper is not to discuss
the wide range of functions that have been attributed to the
TPJ. Rather we would like to focus on its potential role in
self-other distinction.

The Many Levels of Self-Others Distinction

A first necessary step to discuss the neural substrates of self-
others distinction is to define to which specific theoretical
construct the term “self” refers, as it has been used to discuss
multiple different cognitive phenomena (Uddin 2011). From
a social psychological point of view, it has been proposed
that people have access to five different levels of informa-
tion about themselves, which would develop during differ-
ent periods of ontogeny, and emerge from multiple domains
ranging from perceptual to cultural experiences (Neisser
1995). The “ecological self” is the lowest level and consti-
tutes the integration of signals coming from different sen-
sory channels. The “interpersonal self” is the second lowest
level and allows to control personal behavior during social
interactions. These two representations of the self could be
linked to what Jeannerod (2003) characterized as self-recog-
nition (i.e. recognizing oneself as the owner of a body (own-
ership) and the agent of actions (agency)) which supposedly
arise from proprioceptive and sensory body signals, and the
internal representation of motor intentions. From Neisser’s
perspective (1995), three other levels should be considered.
By the fourth year of life the “temporally extended self”

Neisser’s (1995) social
psychological conception
of the self

Gillihan and Farah’s
(2005) neuroscientific
conception of the self

appears, a representation of our own life story as we know
it. This could be linked to autobiographical memory even if
it also encompasses a representation of the future life story.
The “private self” reflects knowledge that our conscious
experience as well as our thoughts exclusively own and is
not shared with other agents. Finally, the “conceptual self”
represents the sociocultural experience based on cultural ver-
bal information. If the “private self”” can be linked to mental
states ascription abilities, a topic of major interest in the
field of social cognitive neuroscience “the conceptual self”
has clearly received less attention in the field. More recently
and based on the various operationalizations of the self in
the neuroscientific literature, a practical distinction between
physical and psychological aspects of the self has been pro-
posed (Gillihan and Farah 2005; see Fig. 2a. for a schematic
representation of the correspondences between the social
psychological and the neuroscientific conceptions). The
physical aspects of the self would embrace the awareness
of our body (e.g. Devinsky 2000) and self-body recogni-
tion skills (e.g. Keenan et al. 2000), whereas psychological
aspects of the self would rather include autobiographical
memory and the conscious experience of first-person per-
spective (or “egocentric frame of reference”, Vogeley and
Fink 2003). The latter could be linked to the “private self”
described earlier, as it corresponds to the representation of
information available to the self (e.g. beliefs, perceptions)
as opposed to others. Finally, the feeling of agency would
constitute a bridge between the physical and psychological
aspects of the self as it relies on both a recognition of one’s
body as one’s own and of the actions as caused by oneself.
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Fig.2 a Illustration of the five-dimensional Neisser’s (1995) social
psychological conception of the self (orange), and the two-dimen-
sional Gillihan and Farah’s (2005) neuroscientific conception of the
self (green) and their correspondences (double-headed arrow). b
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As illustrated in Fig. 2, important overlaps exist between
the taxonomy of the self as described from the social psy-
chological and the neuroscientific point of view. We will dis-
tinguish three levels that partly overlap with the existing dis-
tinctions from social psychology and neuroscience, namely
the perceptual level, the action level and the mental-state
level. At the perceptual level, we will discuss the human
ability to identify his/her own body and to distinguish it
from the body of others. At the action level, we will discuss
the human ability to experience agency for self-generated
motor actions (opposed to others’ actions) as well as the
control of imitation (i.e. distinguish between self-generated
and other-generated motor representations). Finally, at the
mental-state level, we will discuss the human’s ability to
distinguish between his/her own mental states and those
of other agents. Importantly, most experimental tasks that
are related to self-other distinction on these three levels are
based on congruency manipulations, where the self and the
other perspective are in conflict. In such situations, it is nec-
essary to distinguish self- and other-related representations
to avoid confusion.

Self-Other Distinction at the Perceptual
Level

Our body seems to be unambiguously related to ourselves
and it seems there is not much room for confusing it with
others. However, the neuropsychological literature (e.g.
Brugger and Lenggenhager 2014) and experimental find-
ings (e.g. Petkova and Ehrsson 2008) suggest that self-other
distinction is also required on this level. We will here discuss
evidence originating from experimental manipulation and
psychopathological disorders that alter the sense of owner-
ship. This should allow us to gain a better understanding of
the neural structures supporting the cognitive mechanisms
in play to identify other individuals and to distinguish other
bodies or limbs from our own.

From an experimental point of view, the most common
paradigm known to interact with the cognitive processes
supporting the distinction between self and others’ body
parts is the “rubber hand illusion” (RHI, Braun et al. 2018;
Botvinick and Cohen 1998), or its virtual reality version, the
“virtual hand illusion” (VHI). In this paradigm, an artificial
hand is placed in front of a participant, while his/her own
hand is hidden from view. The experimenter then repeatedly
strokes both the artificial hand and the real hand in syn-
chrony. In most participants, this induces a feeling of owner-
ship over the artificial hand that can be quantified through
proprioceptive drifts when having to localize the actual
location of their hand (e.g. Tsakiris and Haggard 2005),
emotional reactions towards the artificial hand (e.g. Ehrsson
et al. 2007) or even explicit statements of participants (e.g.
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Botvinick and Cohen 1998). A few neuroimaging studies
used this paradigm to reveal the brain regions associated
with experimentally induced sense of ownership over other’s
body part. In this context, numerous brain structures, spread
among the frontal, parietal, occipital and limbic cortex, have
been identified to play a role (see Braun et al. 2018, for a
review). Interestingly, among the parietal regions identified,
the supramarginal gyrus (SMG) which constitutes a part
of the dorsal TPJ, is one of the most consistently reported
structures (e.g. Brozzoli et al. 2012; Ehrsson et al. 2004;
Gentile et al. 2013). The activity of the SMG has however
been found to positively correlate with the size of the pro-
prioceptive drift (Brozzoli et al. 2012), which indexes the
experience of ownership over the artificial hand. It should be
noted that RHI paradigms however do not require to actively
distinguish between self and other representations. At this
point, this correlation remains then difficult to interpret.
Moreover, one could also consider that participants actu-
ally need to distinguish their hand from the other one, only
when experiencing induced ownership over the rubber hand
given to its explicit artificial nature.

If integrating others’ representations may be useful for
social interactions (Gallotti and Frith 2013), being able to
distinguish other limbs from our owns remains of critical
importance from an emotional point of view. In the absence
of such ability, any stimulation applied to other bodies would
generate congruent perceptions or sensations in the observer
and other oriented threats would trigger robust emotional
response in the absence of actual danger. Accurate self-other
distinction is then crucial to avoid the occurrence of inap-
propriate personal distress as well as to prevent our own
state to interfere with the understanding of others’ physi-
cal experiences (Lamm et al. 2016). Some recent studies
investigated self-other distinction at the emotional level in
the context of perceptual stimulations. Classically, in these
experiments two participants simultaneously underwent an
affective touch of incongruent valence and are required to
judge the experienced pleasantness or unpleasantness of
stimulation for themselves or for their partner (Silani et al.
2013; Tomova et al. 2014). It has been found that the valence
of one’s own affective touch slightly biased judgements of
the affect touch displayed to partner in an egocentric way
(Silani et al. 2013). Critically for the current issue, the
authors observed that temporarily disruption of the right
SMG (dorsal anterior TPJ, in our framework) substantially
increase this bias, directly interfering with the participant’s
ability to distinguish between their perceptual experience
and those of others. Overall, these findings corroborate the
role of the SMG for self-other processing at the perceptual
level. However, whether these findings support self-other
merging processes, self-other distinction processes, or both
kind of phenomena by merely allowing us to shift between
representations remains unclear.
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While the “rubber hand illusion” would imply cognitive
mechanisms dealing between self and others’ representa-
tions, by inducing in participants the feeling of ownership
over others’ limbs, the reversed psychological states (i.e.
feeling distance with our own body), has been reported in
different psychopathological and neurological populations.
This is for example the case in Out-of-body experience,
somato-paraphrenia and depersonalization. Patients report-
ing Out-of-body experiences typically describe episodes
in which their “self” were located outside of their physi-
cal body, literally seeing their body from another point of
view (but still identifying it as their body). Somato-para-
phrenia is a delusional state in which patients deny own-
ership over one (or more) of their paralyzed limbs, often
associated with the tendency to attribute it to someone
else, even if provided with undeniable proof that the limb
in question belongs to them. Finally, depersonalization is
a psychological condition characterized by a persistent
feeling of detachment from one’s own self and body, for
which patients classically report the sensation of being an
outside observer (but without losing any contact with real-
ity). Interestingly, and congruently with the experimen-
tal findings described above, these distinct clinical syn-
dromes all seem to rely partly on the dorsal part of the TPJ.
Lesion overlap analysis of patients reporting out-of-body
experiment point to a crucial role of the TPJ (Blanke and
Arzy 2005). Confirming this clinical evidence, it has been
experimentally shown that stimulation of the brain’s right
angular gyrus (dorsal posterior TPJ, in our framework) can
elicit out-of-body experiences (Blanke et al. 2002). His-
torically, a variety of “self-awareness” disorders, including
somato-paraphrenia have also been associated to lesions of
the TPJ (Berlucchi and Aglioti 1997). Recent integrative
works however support the involvement of a much more
extended network (Gandola et al. 2012). To our knowl-
edge, the neural bases associated with depersonalization
remain to date largely unknown but existing models seem
to not attribute a particular role to the TPJ (Sierra 2009;
Sierra and Berrios 1998).

Opverall, the role of the TPJ in self-other distinction at the
perceptual level remains relatively unclear. While there is
evidence of TPJ involvement in paradigms such as the rub-
ber hand illusion, how this activation relates to self-other
distinction is not completely clear and is probably related
to task demands. The findings suggest that the dorsal part
of the TPJ (SMG and AG) might be involved in conditions
implying active self-processing and multisensory integration
of body-related information. Supporting this interpretation,
clinical data support a link between the dorsal part of the
TPJ and transient episodes of self-awareness processes, but
not of more permanent alteration. At this stage, the small
number of experimental studies directly investigating self-
other distinction at the perceptual level prevents any strong

conclusion, and future works is needed to fully understand
the role of the TPJ in relation to this ability.

Self-Other Distinction at the Action Level

In the following, we will discuss evidence concerning the
role of the TPJ in self-other distinction related to motor
control. Distinguishing between self and other-generated
motor actions refers to the sense of agency, which has been
described as ‘the sense that I am the one who is causing or
generating an action’ (Gallagher 2000). Experiencing the
sensory consequences of an action as being caused by one’s
own behavior is crucial for interacting with the social and
non-social environment. It represents a key element during
joint action as it allows to evaluate one’s own contribution
to the joint action outcome (Jeannerod 2003).

When studying the sense of agency, as explicitly expe-
rienced, participants are usually asked to perform a motor
task for which they see a feedback of the motor behavior
on a screen. The feedback could depict either their own
movements, their own altered movements (e.g. rotated by
25°), or the movements of someone/something else (e.g.,
a confederate or computer program, Braun et al. 2018).
Sometimes, the movement displayed is jointly controlled
by both the participants and the confederate (e.g. Wegner
and Wheatley 1999). In all the cases, participants are then
asked to judge whose movement is seen on the screen.
Neuroimaging studies, relying on such paradigms, identi-
fied different brain regions to be associated with the sense
of agency. Initial works suggested an involvement of the
anterior insula and the angular gyrus (AG), a dorsal part
of the TPJ, specifically in the right hemisphere (e.g. Farrer
and Frith 2002; Farrer et al. 2003). Critically for the current
issue, the highest TPJ activations were observed in condi-
tions in which participants experienced minimal control over
others’ movements (Farrer et al. 2003; see also Spengler
et al. 2009, illustrated in Fig. 3). More recent findings also
included the supplementary motor area, the ventral premotor
cortex, the dorsolateral prefrontal cortex and the cerebellum
(David et al. 2008; Haggard 2017). However, the specific
role of these different regions to the emergence the sense
of agency is still poorly understood. This important num-
ber of brain regions found to be linked with agency may be
the consequence of the integration of literatures focusing
on distinct cognitive phenomena (Haggard 2017). In addi-
tion to the explicit measures of agency described above, a
well-studied psychological phenomenon, the ‘intentional
binding’ effect, is often considered as a potential implicit
marker of agency (Braun et al. 2018). Intentional binding
describes the observation that people underestimate the
time interval between an action (e.g. pressing a key) and
the consequence of that action (e.g. a tone), compared with
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Fig.3 (Left) Activation in the right TPJ in a classical “sense of
agency” task manipulating the congruency between participants’
motor performances and displayed visual feedbacks. (Right) Para-

a similar situation where the behavior is not self-initiated
but externally induced. Interestingly, in one neuroimaging
study that reports behavioral evidence of “intentional bind-
ing”, the authors found no correlation between the angular
gyrus and the temporal measure of sense of agency (Kiihn
et al. 2013). In contrast, they found that the supplementary
motor area (SMA) was more strongly associated with the
perceived action-tone interval than with perception of a con-
trol interval following a passive movement. This suggest that
different brain structures would support the explicit feel-
ing of agency and its implicit components. The existence of
a link between explicit and implicit measures of the sense
of agency is however controversial (Dewey and Knoblich
2014) and some authors argue that temporal binding is not
related to agency but rather reflects a more general principle
of causal perception (e.g. Buehner 2012).

While experiencing agency requires to determine whether
the sensory consequences of actions are self-caused or not,
the control of imitative response tendencies require the abil-
ity to distinguish conflicting motor representations prior to
their execution (Sowden and Catmur 2015). It has been
argued that action observation leads to an activation of an
internal motor representation in the observer (Brass and
Heyes 2005). If this externally triggered response tendency
is incongruent with one’s own motor intention, self-other
distinction is required (Brass et al. 2009) to distinguish one’s
own motor intention from the externally triggered motor
intention. Most social interactions require the production
of complementary actions (e.g. if someone open the door in
front of me, I should be primed to enter it and not open it a
second time). As consequence, indiscriminate imitation is
not an appropriate by default response and it is then of criti-
cal importance to distinguish between self-generated motor
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representations and the ones activated by the observation of
others’ actions (Brass et al. 2001). Concerning automatic
imitation, there is much less variability among the para-
digms in use. Classically (e.g. Brass et al. 2000), partici-
pants are instructed to lift their index finger in response to
a particular stimulus (e.g. the number “1””) and their middle
finger in response to a second one (e.g. “2”). At the same
time, a hand on the screen also lift its index finger or its
middle finger, producing then either congruent conditions
(in which the hand on the screen activates motor represen-
tations congruent with the movement that participants have
to produce) and incongruent conditions (in which the hand
on the screen activates motor representations that would
interfere with the movement that participants have to pro-
duce and that should then be inhibited). Initial neuroimaging
experiment relying on such paradigms identified the anterior
fronto-medial cortex (aFMC, Brass et al. 2001, 2005, 2009)
and the TPJ (Brass et al. 2005, 2009; Marsh et al. 2016)
as the brain substrate for the control of automatic imitative
response tendencies. The brain network associated with the
control of automatic imitation has however been questioned
in a recent meta-analysis (Darda and Ramsey 2019). These
authors reported consistent evidence supporting that the
control of automatic imitation is guided by brain regions
associated with domain-general abilities allowing to deal
with multiple demands (e.g. dorsolateral frontoparietal cor-
tex), relativizing the role of the TPJ. Clearly, further imaging
work is needed to resolve the inconsistencies between older
studies on the inhibition of imitative response tendencies and
more recent work. Going further than these neuro-imaging
studies, different authors directly tackled the involvement
of the TPJ using transcranial stimulation techniques (Bardi
et al. 2017; Hogeveen et al. 2014; Santiesteban et al. 2015;
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Sowden and Catmur 2015). All these studies supported the
role of the TPJ in the control of automatic response tenden-
cies. Some experiments suggest that the TPJ is specifically
responsible for switching between self and other represen-
tations as a domain general process (Hogeveen et al. 2014;
Sowden and Catmur 2015) while the frontal regions would
be more sensitive to task demands (Hogeveen et al. 2014)
and may then reflect a more explicit control process.

Overall, various findings support an active role of the
TPJ in self-other distinction at the action level. Precisely,
the TPJ has been found to be linked to the experience of
agency as well as to the control of imitation tendencies. In
the case of the sense of agency, even if the role of the TPJ is
relatively well supported for explicit measures, it currently
exists no evidence supporting its involvement for implicit
measures. Furthermore, it has been proposed that the angular
gyrus (dorsal posterior TPJ, in our framework) might pro-
vide a subjective marker of volition (Chambon et al. 2012)
while other structures (e.g. SMA) may support more implicit
aspects of sense of agency (Kiihn et al. 2013). Congruently
with the conclusion of the previous section, the dorsal parts
of the TPJ have been identified to play a role in self-other
distinction at the action level. In both sections, activation
of the TPJ is reported when the participants experience a
conflict between representations (e.g. “I explicitly know that
this hand is not mine while I am prompted to think so”, “the
movement that I'm seeing is not congruent with the one I
produced”). The TPJ then seems to be responsible for the
control of shared representations, allowing to discriminate
between self-related and others-related representations. An
alternative hypothesis would be that activation in the TPJ
reflects the detection of a conflict between multiple repre-
sentations. Both hypotheses would be congruent with the
evidence reported so far. The studies of Silani et al. (2013)
focusing on self-other distinction at the emotional level
would however be more consistent with the first hypothesis.
The authors reported higher activity in right SMG in incon-
gruent (conflict) as compared with congruent (no conflict)
condition when participants had to make empathic judg-
ments about another persons’ affective states only, and not
when engaged in self-judgments.

Self-Other Distinction at the Mental-State
Level

Self-other distinction at the mental-state level has received a
lot of attention, following long traditions of research in clini-
cal psychology (Rogers 1951), developmental science (Pia-
get and Inhelder 1948) and ethology (Premack and Woodruff
1978). Not only representing others’ emotions, intentions,
beliefs or even percepts, but being able to distinguish them
from our own psychological states provide a clear benefit

for individuals of both social and non-social species (Hecht
et al. 2012). Multiple terms have been used through disci-
plines and times to describe the ability to represent other’s
mental states while being able to distinguish them from our
own (see Quesque and Rossetti in press). Because we do
not want to enter the discussion about terminology in the
current article, we will use the neutral and unspecific term
“self-other distinction at the mental-state level”. In this last
section, we aim to discuss the role of the TPJ for self-other
distinction at the mental-state level, based on recent experi-
mental contributions, as well as the results of meta-analyses
we conducted using Neurosynth (Yarkoni et al. 2011).
Contrasting with the two previous sections, the large
number of neuroimaging studies available allowed us to
conduct reliable ‘association test’ (Poldrack 2006, 2011).
This consists in evaluating how selectively an activation in
a particular brain region is linked to specific cognitive pro-
cesses (displaying voxels that are reported more often in arti-
cles that include a specific term than in articles that do not).
We utilized the functional (f)MRI meta-analytic resource
Neurosynth (http://neurosynth.org, 14,371 total studies in
spring 2019, Yarkoni et al. 2011) to run this test and thus
identify brain regions implicated for self-other distinction
at the mental-state level. Specifically, the specific terms we
used to determine the inclusion of studies are ‘Mental states’
(n=141 studies, references of all studies included are avail-
able as supplementary data), ‘Mentalizing’ (n= 151 studies,
14.5% of overlap with studies included for ‘Mental states’),
and ‘Theory of Mind’ (n= 181 studies, respectively 28.7%
and 9.4% of overlap with studies included for ‘Mental states’
and ‘Mentalizing’). One might argue that using search terms
is not a good proxy to identify specific cognitive processes
and may lead to scattered activation maps, integrating data
from distinct literatures. On the contrary, activation maps
obtained with such wide inclusion criteria present the
advantage of limiting the influence of specific experimental
demands in favor of the common cognitive process implied
in all studies included (Yarkoni et al. 2011). In the present
case, the chosen terms remain quite specific for a specific
domain of research. As a matter of fact, we can see in Fig. 4
that the brain regions selectively associated with the three
terms we used are extremely similar. Additionally, no impor-
tant differences seem to exist between the left and right hem-
isphere. The brain network identified here as responsible for
self-other distinction at the mental-state level would then
bilaterally include the medial prefrontal cortex (mPFC), the
posterior part of the TPJ (AG and pSTS) and the most rostral
portions of both the STG and the middle temporal gyrus
(MTG). Finally, the inferior frontal gyrus (IFG) could also
be mentioned. This last structure in however not found in the
classical brain activation pattern observed for “Mentalizing”
(contrasting with “Mental states” and “Theory of Mind”).
Considering that “Mentalizing” and “Theory of Mind” are
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Fig.4 Brain regions selectively activated for the processing of self-
other distinction at the mental-state level (from left to right, respec-
tively for “Mental states”, “Mentalizing”, or “Theory of Mind”
processing). The maps have been computed with ‘association test’
conducted on http://neurosynth.org and modelized on MRIcroGL.

widely used as synonyms (Quesque and Rossetti in press)
one should have expected to identify a common brain net-
work for the two terms. The specific absence of activation
of the IFG for studies on “Mentalizing” then suggests than
its role would be more dependent of typical experimental
demands regarding to specific literatures than to the general
ability to distinguish self-and other mental states.

The neural network identified here as being associated
with the ability to distinguish self from other’s mental states
is highly congruent with the one that has been historically
reported when focusing on the ability to represent others’
false beliefs (e.g. “I know that they will search for them ball
at the wrong location, if [ moved it while they were away”,
Wimmer and Perner 1983), and which encompasses fronto-
medial and temporo-parietal regions (Gallagher et al. 2000;
Saxe and Kanwisher 2003; Vogeley et al. 2001). Interest-
ingly, implicit version of false beliefs tasks, in which par-
ticipants are not specifically instructed to represent others’
beliefs, also revealed the involvement of the more dorsal
parts of the TPJ (see Boccadoro et al. 2019 for a mega-ana-
Iytics approach pooling data from multiple fRMI studies).
Whether the explicit and implicit versions of false-beliefs
tasks address a common, or different underlying, cognitive
process(es) is however still debated (Apperly and Butterfill
2009; Carruthers 2015; Heyes 2014).
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Mental states Mentalizing Theory of mind

The displayed statistical maps, downloaded during the spring of
2019, are corrected for multiple comparisons using a false discovery
rate criterion of .01. The upper part of the figure displays activations
of the left hemisphere while the lower part displays activations of the
right hemisphere

As false-beliefs tests represent the most used task to
investigate self-other distinction at the mental-state level,
one may however wonder to what extent the brain struc-
tures identified here, and particularly the TPJ, could also
support the ability to represent, and distinguish from our
own, others’ types of mental states such as emotions or per-
ceptions (Saxe and Wexler 2005). This question appears to
be especially complex as most of the tasks in use to evaluate
these abilities vary in many ways in addition to the specific
types of mental states involved (e.g. relying on “narratives”
or “animations” for beliefs, versus “pictures of expressive
faces” for emotions, versus “videos of moving eyes” or
“drawing of a scene implying another agent” for percep-
tual inferences). In order to overcome such limits, Zaitchik
et al. (2010) used a highly standardized paradigm relying
in a within-subject design, a single type of stimulus (verbal
information), a single type of psychological process (sen-
tence comprehension), identical stimuli (except for the men-
tal state to be attributed), and compared the brain activations
for the attribution of beliefs, emotions, and perceptions to
other agents. They found that all types of mental states infer-
ences involve the TPJ. However, they identified that the attri-
bution of beliefs more strongly recruited both the posterior
STS and the inferior parietal lobule (IPL, which includes the
SMG and AG) than did emotions or perceptions. Partially
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responding to the same question, some authors (Schurz et al.
2013) systematically compared, across studies, the brain
areas engaged in false belief reasoning and in visual per-
spective-taking (e.g. represent that “from their point of view
the 6 is seen as a 9”, Quesque et al. 2018). They reported
common activation for both tasks in the dorsal part of the
left (but not right) TPJ, suggesting, in line with the previous
study, that the TPJ might be responsible for representing dif-
ferent perspectives in a domain general fashion. More recent
studies (Schurz et al. 2015) moreover demonstrated that this
supposed domain general role of the TPJ to represent differ-
ent perspectives is limited to social inferences (i.e. “when
having to consider the perspective of another agent” vs. “the
perspective of an arrow”). Finally, the same research team
(Arora et al. 2017) compared the brain areas engaged in
visual perspective-taking with numerous other social cog-
nition tasks. Again, they identified overlap between brain
activations for visual perspective-taking and other types of
mental state attribution. The left TPJ, however, seemed to
selectively respond to tasks that require to consider a de-cen-
tered perspective (as it is the case “false belief” and “visual
perspective-taking” tasks), and not to tasks which can be
completed by the discrimination of physical features (e.g.
categorizing emotional faces).

The involvement of the TPJ in self-other distinction on
the mental-state level has been suggested almost 20 years
ago (Gallagher et al. 2000). Numerous studies have now
confirmed this initial finding and the meta-analyses that
we conducted here led to the identification of a quite well-
defined brain network for the ascription of mental states to
others, including the TPJ. Altogether, the findings discussed
in the present section suggest that the TPJ could be respon-
sible for self-other distinction in a domain-general manner,
independently of the content of the representation. Finally,
differences between left and right TPJ have been consistently
found (e.g. Aichhorn et al. 2006, in favor of the 1TPJ; Saxe
and Kanwisher 2003, in favor of the rTPJ). In contrast to this,
our current meta-analysis does not reveal important differ-
ences between hemispheres. Whether this inconsistency can
be explained by variations over relatively small samples in
neuroimage studies or correspond to a lack of specificity in
our current analyses remains to be further tested.

The TPJ as a Domain General Neural
Correlate of Self-Other Distinction

Here, we discussed the role of the TPJ in self-other distinc-
tion for the different levels of “self” representation. At the
perceptual level, we reported that the involvement of the
TPJ is probably limited to conditions implying active and
transient self-other distinction processing episodes and mul-
tisensory integration of body-related information. At the

action level, the TPJ seems to be play a role in the control
of imitation as well as in the explicit, but not implicit, sense
of agency. Finally, at the mental-state level, the implication
of the TPJ in self-other distinction is now well validated
for different type of representations (beliefs, visual perspec-
tives, etc). Altogether, these findings suggest that the TPJ
may be the neural substrate responsible of domain-general
transient form of self-other distinction (opposed to enduring
state), as it has been proposed by Van Overwalle (2009), and
may interact with different types of representations depend-
ing of the type of psychological processes involved. Two
concurrent hypotheses concerning the specific role of the
TPJ have been proposed in this manuscript. The TPJ could
be responsible for conscious forms of control over self and
other representations. It would allow to distinguish between
representations, and consequently contribute to inhibit the
influence of the non-relevant one. Alternatively, the TPJ
may simply be activated when experiencing in congruencies
between self and other representations and then constitutes
a signal of the conflict.

Supporting both interpretations, it appears that the TPJ
is not implied in all types of social judgements but mostly
in those that will require to distinguish between our actual
experience of the world and the one of another person.
Precisely, we reported activation of the TPJ in explicit and
implicit self-other judgement tasks, but only in conditions
in which there was a discrepancy between self and other’s
representations (e.g. in the case of representation of “false
beliefs”). Activation of the TPJ in case of congruent self and
other’s representations, when the task explicitly requires par-
ticipants to represent both representations (e.g. in the case of
representation of others’ “true beliefs”’), however constitute
a strong argument against the signal of conflict hypothesis.
Moreover, if, according to the second hypothesis, the TPJ
would merely be a tracker of conflict between mental repre-
sentations, it remains to understand which other brain struc-
ture allows to elaborate self —other distinctions in the cases
of mismatching between representations. Different options
(e.g. amplify either self or other’s representations depend-
ing on task demands, inhibiting interfering representations,
etc.) have been identified (Lamm et al. 2016). The fact that
temporarily disruption of the TPJ however impede the ability
to distinguish between perspectives, but not with the inter-
ferences between perspectives (Silani et al. 2013), would
also encourage us to support the first interpretation. Even if
future work directly aiming at comparing both hypotheses
would be needed to draw firm conclusions, this motivates
us to presently favor the view of the TPJ as responsible of
domain-general transient form of self-other distinction.

Despite the lack of a general architecture among social
cognitive processes (Happé et al. 2017; Quesque and Rossetti
in press), some authors suggested the existence of a form of
hierarchy between the control of shared representations at
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the action level and the attribution of mental states to oth-
ers (e.g. Brass et al. 2009; Bardi and Brass 2016), already
pointing the potential role of the TPJ. We here encompass
this account and extend it to the perceptual level. Early in
development, a shared representation system (not differenc-
ing between agents) would arise from repeated exposure to
associations between a motor command and its perceptual
consequences (see Brass and Heyes 2005). With experience,
this system dissociates between events that are contingent
with one’s actions and those that are not, resulting in the
development of a sense of the self (and of others). Finally,
this ability to co-represent and switch between self-related
and other-related representations would constitute the pre-
condition to all the socio-cognitive mechanisms discussed
in the present manuscript, at the perceptual, motor, but also
mental-state levels. From an ontogenetic view, this account
is extremely parsimonious. The TPJ, supporting multisen-
sory integration, would constitute a privileged structure for
anchoring the self in private sensory information. Through
social interaction, higher-order cognitive mechanisms such
as the ability to represent others’ beliefs might develop from
such low-level mechanisms (see Heyes 2018).

On the basis of the present review, one could expect
to generalize such hierarchy to other cognitive processes.
Considering that the TPJ is responsible for the distinction
between self and other (i.e. “the control of shared representa-
tions”) in a domain general manner, it may then be implied
in all mental activities that require to shift from a represen-
tation to another (see also Sowden and Catmur 2015 for a
similar view limited to social cognition). This is of course
the case of many social processes, going from the identifi-
cation of the ownership of body parts to the attributions of
mental states, but it may also happen in other (non-social)
cognitive operations. Comforting our current suggestion, the
TPJ has been identified as playing a role in various mental
operations requiring to shift between representations, as for
example thinking about our own thought (Lombardo et al.
2010), thinking of future events (Abraham et al. 2008), con-
sidering the perspective of one’s future self (Soutschek et al.
2016), or interpreting ambiguous sentences that require to
represent different perspectives (Van Ackeren et al. 2012).

In line the present account, Mitchell (2007) suggested
that activity in the temporo-parietal junction would not
be selective for mental-states ascription but would rather
reveal a general switch in attention. A similar idea has
also been proposed by Corbetta et al. (2008). According to
them, high-level cognitive abilities such as mental states
attribution (requiring to shift between mental representa-
tions) would be the mere abstraction of a low-level, and
evolutionary inherited, ability to change a current course
of action in favor of the production of another (reorienting
attention accordingly). Whether the general ability to switch
between self and other representations described here as a
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core function of the TPJ could be extended to attentional
responses remains for the moment an open question and
should be addressed in future contributions. Interestingly,
many authors have however underlined the involvement of
the TPJ for the reorientation of attention as well as for the
ability to represent another mental states (Corbetta et al.
2008; Decety and Lamm 2007; Young et al. 2010). Support-
ing an alternative view, some experimental work identified
a reliable anatomical distinction within the TPJ between the
activations linked to attentional responses and the activa-
tions linked to social judgements (Krall et al. 2015; Silani
et al. 2013). In the same vein, Mars et al. (2012) reported
distinct anatomical connectivity profiles within the different
sub-parts of the TPJ. It would be possible then that atten-
tional reorientation and the control of self and other repre-
sentations are relying on neighboring but distinct regions
within the TPJ and constitute different cognitive processes.

Even if limiting the role of the TPJ to the control of self
and other representations, it remains to determine if the
same regions within the TPJ support all types of self-other
distinctions. In the past, some authors argued that different
regions of the TPJ are involved for distinct types of social
judgements (Carter and Huettel 2013). Here, most of the
evidence we reviewed suggest than the IPL would be respon-
sible for a domain general ability to switch between repre-
sentations. At the perceptual level, both the SMG and the
AG have been identified to contribute to distinguish between
self and other perspectives. At the action level, the AG is
classically considered as a subjective marker of volition.
Finally, at the mental-state level, as mentioned earlier, there
is an important lack of specificity as most of the time the TPJ
is considered as a whole. The present meta-analyses would
however invite to link mental states ascription processes to
the most posterior and dorsal part of the TPJ (AG). This
account corroborates previous works which directly aimed
at comparing the neural substrate of different types of social
cognition tasks (Arora et al. 2017; Mar 2011). Precisely, the
authors concluded that the processing of perspective dif-
ferences relies on the dorsal parts of the TPJ (SMG, AG)
while more ventral parts (STG, STS) would also be involved
in social cognition processes, but which do not involve to
distinguish between self-and others representations (e.g. cat-
egorizing others’ emotions from their faces or kinematics).

Conclusion and Perspectives

Altogether, the findings discussed in the present paper sug-
gest that the TPJ may be responsible for control over self
and other representations, in a domain general manner. Past
work suggested that the TPJ may constitutes the common
neural substrate for all types of mental states ascription to
others (Zaitchik et al. 2010). Adopting a neural recycling
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approach, some authors (Bardi and Brass 2016) postulated
that a shared neural network would support high-level social
judgements about others’ internal states and the control of
shared representation at the motor level. We here encompass
this account and extend it to all levels of self-other repre-
sentations, offering a general architecture for the emergence
of numerous socio-cognitive processes. From a neural point
of view, we defend that this ability to enhance task-relevant
representations in case of mismatches between self-related
and other-related representations would most probably rely
on the dorsal part of the TPJ (SMG, AG). Finally, we would
recommend researchers to be as specific as possible when
referring to brain regions within the TPJ, when it is possible.
Precisely, we encourage to systematically refer to the precise
anatomical structures in play rather than the abstract concept
of “TPJ”. Adopting this recommendation would presumably
contribute to a better understanding of the neural substrate
supporting the ability to distinguish between self and other
representations.
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