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Neuroscientific research has identified two fundamental components of empa-
thy: shared emotional representations between self and other, and self-other
distinction. The concept of shared representations suggests that during empa-
thy, we co-represent another person’s affect by engaging brain and bodily
functions underpinning the first-hand experience of the emotion we are
empathizing with. This possible grounding of empathy in our own emotional
experiences explains the necessity for self-other distinction, which is the
capacity to correctly distinguish between our own affective representations
and those related to the other. In spite of the importance of these two com-
ponents in empathy, several aspects still remain controversial. This paper
addresses some of them and focuses on (i) the distinction between shared
activations versus representations, raising the question what shared represen-
tations entail in terms of the underlying neural mechanisms, (ii) the possible
mechanisms behind self-other distinction in the cognitive and the affective
domains, and whether they have distinct neural underpinnings and (iii) the
consequences associated with a selective impairment of one of the two com-
ponents, thereby addressing their importance in mental disorders such as
autism spectrum disorders, psychopathy and alexithymia.

1. From shared activations to shared representations

The seminal discovery of Singer et al. [1] that empathy for pain results in brain
activations overlapping with those engaged when being in pain oneself has
triggered a persistent debate regarding what these overlapping or shared acti-
vations imply in terms of the underlying neural functions and psychological
mechanisms. Initially, the majority of scholars have welcomed the fact that simi-
lar parts of the brain are active during first-hand and empathic experiences as
support for claims grounded in simulation theory and embodied social cogni-
tion that we ‘reactivate’ or use our own emotion systems in order to sense
and feel what another person is sensing and feeling.

A major drawback of neuroimaging methods is, however, that the relationship
between neural activations and mental representations—and the cognitive and
affective processes supposedly engaged in an experimental condition—is not
always straightforward ([2], for in-depth discussion). In the light of the method’s
limitations, it is mainly the existence of shared activations (‘the language of the
brain’) but not necessarily of shared representations (‘the language of the mind/ cog-
nition’), that could be derived by previous social neuroscience research on empathy.
For instance, the repeatedly reported activation overlap during first-hand pain and
pain empathy in the anterior midcingulate cortex (aMCC) and bilateral anterior
insular cortex (alns; [2], for review) has consistently been linked to the affective-moti-
vational component of first-hand pain (e.g. [3]). It has thus been suggested that
empathy involves the sharing of pain affect, and that understanding others’
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emotions indeed may be based on an embodied simulation of
other people’s emotions grounded in one’s own emotion experi-
ences. Apart from the inherent methodological limitations of
neuroimaging, there are several empirical challenges for such
claims.

For instance, patients suffering from congenital insensitivity
to pain who might not activate aMCC and alns when being in
pain themselves (though this was actually never shown) also
activate aMCC and alns when seeing others suffering somatic
pain [4]. Moreover, several studies showed activation in
aMCC and alns [5,6] when observers watched medical pro-
cedures such as pinpricks which only appeared aversive, but
in reality were not painful for the depicted person (e.g. because
he/she suffered from a rare neurological disorder or his/her
hand had been anaesthetized). This seems difficult to reconcile
with the interpretation that these activations represent a sharing
of the other person’s actual feelings, because in this case there
were actually no feelings to be shared.

Findings such as these mainly raise questions about the
specificity of shared activations, and are in line with emerging
concepts that aMCC and in particular alns might be domain-
general hubs related to saliency detection and emotional
awareness (e.g. [7]). Hence, rather than representing the
other’s affect, activation of these areas might stem from the
phenomenon that seeing someone in a painful situation is a
strong and salient social cue arousing the observer, and prepar-
ing him or her to respond to a potential threat. Moreover, the
aversiveness of the observed situation may trigger self-related
or ‘personal distress’ signals, which in the social psychology
literature have long been recognized as one of the key com-
ponents of responses to the emotions of others ([8], for
review). This would explain activations during medical
procedures in the absence of actual pain as a lack of adequate
or timely regulation of one’s own aversive response.

Moreover, the sensitivity of shared activations has recently
been questioned in the domain of social rejection which also
heavily draws on the concept of shared representations [9].
Using multivariate pattern analyses (MVPAs) of fMRI data, it
has been shown that shared activations between somatic pain
and the “pain’ of social rejection stem from distinct underlying
activation patterns [10], and similarly negative findings for
pain empathy seem to await confirmation (Tor Wager 2015,
personal communication; but see also [11]). MVPA certainly
raises important questions regarding the validity of traditional
mass univariate analyses targeting shared representations, and
it holds great promise for advancing our understanding of
whether shared task activations indeed imply shared
representations. However, MVPA suffers from the same limit-
ations as mass univariate fMRI in terms of how accurately they
can depict the underlying neural computations [12].

This general limitation should also remind us that the
reliance on any single method is ill-advised. While fMRI cer-
tainly allows important new insights into the neural bases of
social cognition, real progress seems to require a combination
of methods and the generation of converging evidence—
i.e. different methods or paradigms advocating the same type
of conclusions. This includes, foremost, the use of methods
allowing causal rather than just correlational inferences—
such as for instance those used in lesion, brain stimulation or
psychopharmacological studies. Regarding lesion studies,
there is accumulating evidence that damage to areas such as
aMCC and alns results in deficits in empathy [13]. However,
focal lesions of aMCC and alns are not only scarce, but their

specificity is also limited as pervasive damage to these areas
might simply affect domain-general processes such as salience
detection or emotional awareness. ‘Virtual lesions’ by means of
brain stimulation are difficult to attain for aMCC and alns,
owing to their location far away from the cortical surface,
where the brain stimulation coil or electrode is placed. In the
light of these limitations, we have recently proposed another
research approach which attempts to generate more mechanis-
tic insights into the neural bases of empathy and of shared
activations. This approach relies on the combination of causal
experimental and psychopharmacological manipulations, and
uses the induction of placebo analgesia to test whether the
associated reduction in first-hand pain also results in a reduction
of pain empathy. Based on self-reported pain and empathy rat-
ings, this was clearly and reliably the case in three independent
studies and with three different neuroscience methods produ-
cing converging evidence. More specifically, placebo analgesia
reduced a pain-related event-related potential (ERP) component
during empathy for pain that was likely to originate from aMCC
[14], and it also reduced fMRI activation in aMCC and alns
during both first-hand and empathy for pain [15]. Notably,
using the opioid antagonist naltrexone to pharmacologically
block the effects of placebo analgesia also blocked the effects
of placebo analgesia on empathy for pain. Taken together,
these studies indicate through causal experimental and psycho-
pharmacological manipulations that empathy for pain is
grounded in the first-hand experience of pain. They also
indirectly indicate that the opioid system, which plays a central
role in pain regulation, may also be engaged in empathy for
pain. This however is an assumption that needs more specific
testing. Moreover, these findings are as yet not fully conclusive
as regards which type of affective representations—specifically
those related to pain, or just negative affect—are modulated by
placebo analgesia, as the latter has also been shown to affect
aversive emotions in general. However, we propose that
approaches in which first-hand emotion experiences are exper-
imentally manipulated to measure how this affects empathic
experiences hold great potential for a more definite understand-
ing of shared representations in empathy research (see also [16],
for a similar idea).

In summary, despite more than a decade of intense scru-
tiny, definite conclusions into what shared activations during
empathy really imply in terms of the underlying neuro-cogni-
tive and -affective processes are still lacking. While there are
some interpretations that they represent rather unspecific
domain-general processes (related to salience, or personal dis-
tress), more recent causal approaches seem to advocate a more
specific role in coding actual affective representations. What is
not contested is that empathy entails a robust affective
response, which is expressed not only at the neural but also
at the bodily level. This response might be constituted of a
mix of self- and other-related processes, which highlights the
importance of self-other distinction, to which we turn now.

2. Self—other distinction and empathy

Self-other distinction is referred to as a key mechanism in
many fields of social cognition, and generally describes the abil-
ity to distinguish between the representations of our own
actions, perceptions, sensations and emotions, and those of
others. In empathy, accurate self—other distinction is important
either to avoid the occurrence of personal distress or to prevent

€8005L0 :LLE g 0§ Y ‘supi] Jiyd  bio"buiysigndfiaposiedorgiss H



our own affective state egocentrically biasing how we
empathize with others. While the former aspect has been
intensely investigated ([8], for review), the phenomenon of
emotional egocentricity bias has only recently been introduced
in the scientific literature. Using a novel experimental paradigm
in which two persons simultaneously underwent an affective
touch of incongruent valence, it was shown that the valence
of one’s own affective touch egocentrically biased empathic
judgements of the affect touch of the other person [17]. While
this bias was relatively small in healthy young adults, tempor-
arily inhibiting the right supramarginal gyrus (rSMG)
substantially increased it, and so did acute stress in a male
sample [18]. This suggests that under normal conditions, affec-
tive self—other distinction enables us to overcome egocentric
interference with empathy, while impeding a brain region
implementing it or reduced cognitive capacity due to acute
stress leads to substantial empathic misattributions. Interest-
ingly, rSMG is located anterior to the right temporo-parietal
junction (rTPJ), a brain area that has classically been associated
with self-other distinction in cognitive and motor domains, but
also during empathy (e.g. [19,20]). This raises the question
as to whether self-other distinction in different domains is
underpinned by a unitary or distinct mechanisms.

In terms of the neural correlates, overcoming emotional
egocentricity in the affective domain seems consistently and
specifically underpinned by rSMG [21]. Moreover, connec-
tivity analyses have shown that rfSMG and rTP] show
distinct connectivity profiles, with the former having stronger
connections to ‘emotion areas’ such as the aMCC and alns
[22]. While suggestive, this however does not necessarily
imply different computational mechanisms for ‘cognitive’
and ‘affective’ self—other distinction. Rather, it might be
that the two neighbouring regions serve the same function,
but are differentially engaged because of the different (affec-
tive versus cognitive) content they access and regulate.
Likewise, the engagement of rSMG might relate to the
specific task constraints of overcoming emotional egocentri-
city when being in an emotional state oneself—as indicated
by studies in which empathizers in a neutral state consist-
ently activated more posterior parts in rTPJ] ‘proper’, and
not in rSMG ([23,24], for recent meta-analyses). Generally,
the recruitment of rTPJ] across a range of social-cognitive
tasks tapping into self-other distinction renders this area—
notwithstanding possible sub-divisions—a major target for
gaining a better understanding of self-other distinction and
its neuro-cognitive mechanisms [20,25].

Notably, rTP] engagement is far from restricted to the
domain of social cognition. Thanks to its strong connectivity
with prefrontal and posterior parietal structures [22,25],
many functions are associated with this area and three of
them seem of particular relevance for the present discussion:
rTP] has been associated with attentional reorienting to salient
or task-relevant events [26], it may be engaged in the compari-
son of internal expectations with external events [20,27], and it
seems to allow a ‘rich’, multimodal representation of the social
context [25]. We propose that the combination of these three
functions is what underpins self—other distinction. More
specifically, the rTPJ has been described as a nexus connecting
interoceptive and exteroceptive information [25]. This nexus
would, however, be overwhelmed if not equipped with mech-
anisms to detect, select, and keep track of cognitively or
behaviourally relevant events. These mechanisms enable the
rTP] to represent the social context in a way in which both

self and other functions as two independent agents, and to [ 3 |

make predictions about how events will evolve and how
agents will behave. These predictions and the resulting internal
models direct our attention towards behaviourally relevant
social stimuli, and in particular to those indicating a violation
of our models. The resulting acquisition of novel information
is used to adjust self- and other-related representations, and/
or to update the internal models. For example, to avoid bump-
ing into someone when crossing a place crowded with people,
we need to be able to detect, select and keep track of the rel-
evant agents, and to predict their moves into different
directions. This, among others, can be derived from the direc-
tion of their gaze and when and whether they also gaze at
us. However, a single gaze may signal many meanings, and
contextual integration is critical for correct understanding.
Hence, it is not surprising that online gaze processing also con-
sistently engages TPJ (and mPFC; [28,29], for reviews). Such
findings are in line with a model of TPJ function which
suggests that this brain area supports the integration of the
vast array of intero- and exteroception information required
by seemingly simple social interactions and situations.

In the emotional domain, rSMG seems to fulfil a similar
integration function, which might be based on a similar mech-
anism as suggested by the research on affective touch referred
to above [17]. Notably, in the experimental paradigm used,
empathy had to be derived from a picture depicting the (plea-
sant or unpleasant) object the other person was being touched
with, while participants underwent touch on their right hand
and concurrently also saw a picture of the object they were
being touched with. When assessing effective connectivity of
the rSMG during incongruent trials (i.e. in situations where
self-other distinction demands were highest), connectivity
was increased with bilateral higher order visual and left pri-
mary somatosensory cortex, i.e. contralateral to the touched
hand. The increased coupling of rSMG with these two brain
areas could therefore be interpreted as rSMG providing access
to self- and other-related representations, and allowing to
switch between or to integrate them. Extending these findings
[30], a lower emotional egocentricity bias in adults compared
with children was associated with higher connectivity between
the rSMG and the left dIPFC. However, this was only the case
when empathic judgements were explicitly required by means
of empathy ratings. The increased coupling of *SMG with a cor-
tical control structure might therefore reflect the higher demand
to ‘overrule’ the interference from one’s own emotional state
when requiring an explicit behavioural response.

Irrespective of whether self-other distinction relies on a
unitary mechanism, what is missing is an elaborated model
of how self-other distinction is actually achieved in cases of
mismatching self- and other-related representations. Several
options are conceivable, but none of them has as yet been
explicitly addressed by previous research. One option is to
amplify either representations related to the self or to the
other, depending on task requirements. For instance, in auto-
matic imitation tasks where one has to execute a movement
and simultaneously experiences interference from another
person’s mismatching movement [31], rTPJ] and prefrontal
structures may support each other to reinforce the self-
related action goal over the intrusion of the other person’s
goal. When overcoming emotional egocentricity, in which
the self intrudes on the representation of the other, the
same mechanism might be at play, but in this case it amplifies
representations related to the other rather than the self.



Again, this might be achieved by a combination of temporo-
parietal and prefrontal control structures. Another option is
that self—other distinction is achieved not by amplifying those
representations which are crucial for a task, but by suppressing
those which interfere with it. Finally, self—other distinction may
be achieved neither by amplifying nor suppressing self- or
other-related representations, but by a more accurate ‘tagging’
of which representations belong to the self and which to the
other. This strategy would therefore not require modulating
the existing representations, but simply require ‘keeping them
more clear’ and allowing a more efficient switching between
them.

In summary, self-other distinction is a critical mechanism
of empathy, but a detailed understanding of its neuro-
cognitive and -affective mechanisms is still missing. The inte-
grative ‘nexus’ model [25] on which we have expanded here is
certainly a useful heuristic, but many questions regarding the
function of TPJ and of self-other distinction have currently
only received crude answers, including the actual compu-
tations by which it is achieved. In this respect, it will be
interesting to see how the propositions for a ‘second-person
neuroscience” and the use of more interactive and ecological
experimental paradigms [32] will increase our understanding
of self—other distinction and TPJ function. Based on the model
proposed, we predict that the use of ‘online” interactive tasks
will increase the amount of contextual and of self- and
other-related information that needs to be processed in the
next generation of social cognition paradigms. This should
engage the integrative processes pertaining to the TPJ to a
larger extent, and it will certainly provide added opportunities
to investigate failures of self—other distinction and the
dynamic updating of shared representations.

3. Shared representations and self—other
distinction in socio-cognitive disorders

Research on clinical populations provides a fundamental source
of knowledge about the mechanisms behind complex cognitive
functions and behaviours. Empathy is a clear example where
clinical populations help us to understand the consequences
associated with the alteration/dysfunctioning of this social
emotion. Autism spectrum disorders (ASD) and psychopathy
represent the most interesting clinical examples, because they
have been considered to carry very different empathic deficits.

ASD are characterized by a developmental disorder which
entails altered social cognition and communication and
restricted, repetitive and stereotyped behaviours [33]. Persons
with ASD are often described as lacking empathy. For instance,
in questionnaire studies they usually obtain low scores on the
empathizing axis and high scores on the systematizing axis
[34], and report reduced empathic concern [35]. Recently, how-
ever, the assertion of a global deficit of empathy observed
in ASD has been questioned when assessing more fine-
grained distinctions of the different components of empathy,
suggesting rather preserved shared representations [36].
A further important differentiation in the characterization of
the empathic deficits observed in autism is its high comorbidity
with alexithymia. Alexithymia has been described as a subcli-
nical phenomenon marked by difficulties in identifying and
describing feelings, as well as in distinguishing them from
bodily sensations of emotional arousal [37]. Although not
included in the formal diagnosis of autism, recent studies

have demonstrated severe degrees of comorbidity affecting n

up to 50% of persons with ASD (e.g. [38]). Recently, for
example, it has been shown that the inability of ASD participants
to understand and identify their emotions (determined by the
self-reported level of alexithymia) is associated with a reduced
response in empathizing with the pain of others, and this was
mirrored on the neural level by hypoactivation of the alns
[39]. These findings have two important implications: first,
they suggest that a correct representation of our own emotions
may be a necessary condition for experiencing shared emotion
representations, and second, that it is not ASD per se, but
alexithymia that lies at the core of impaired emotion sharing.
Therefore, if it is not ASD specifically which affects
emotion sharing, the question remains which deficits in
empathy are specifically related to ASD. In addition to the
repeatedly reported deficits in Theory of Mind (e.g. [40]),
and consequently the ability (or lack of) to correctly adopt
the perspective of other people, it is an interesting hypothesis
that what may be impaired in ASD is the ability to correctly
attribute emotional responses to the other person—i.e. the
ability not to confuse self- and other-related emotional
responses. Impairments in self—other distinction would
predict greater emotional contagion and increased personal
distress. Interestingly, there is pervasive evidence of greater
personal distress in participants with ASD when witnessing
others’ negative emotions (see [41], for review). As suggested
in the previous section, being limited in forming an accurate
representation of both the self and the other as two indepen-
dent agents, and to switch our attention from one to the other
will result in a failure to update our internal model and to
integrate or downregulate our own emotional response.
This could possibly lead to inadequate social behaviours,
motivated by reducing one’s distress rather than attending
to that of the other [8]. In this context, it is worth noting
that higher levels of self-reported personal distress when wit-
nessing others’ pain have been reported as a key feature of
alexithymia as well [42—44]. This leaves the possibility that
it is the comorbidity with alexithymia that accounts for the
level of personal distress observed in the ASD population.
Further initial evidence for self—other distinction deficits in
autism is also found in the action domain, as ASD participants
have been reported to show hyperimitation in an automatic
imitation task considered to tap into self—other distinction
[45,46], and also show reduced rTP] activation in this task
[45]. Moreover, it is noteworthy that the social-
cognitive deficits reported in ASD have been argued to
originate from impaired domain-general attentional processes
associated with the TPJ] [47]. This would be in line with the
finding that TPJ has repeatedly been reported as less active in
ASD participants compared with healthy controls [48,49].
Because TPJ as outlined above plays a key role in self—other
distinction, this also provides further indication that deficits
in self—other distinction may be at the core of the empathy def-
icits observed in ASD. On the other hand, given the recent
evidence that rSMG rather than rTP] may be specifically
involved in affective self—other distinction, one would rather
expect changes in 1SMG. There is no evidence for this at the
moment, which is not surprising, considering the relatively
recent introduction of experimental paradigms tailored to
measure self—other distinction in the affective domain [17].
Future studies are therefore needed to more specifically
address the question whether within ASD, with or without
comorbid alexithymia, self—other distinction during empathic
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responses is altered. These studies should use paradigms tai-
lored to investigate emotional versus cognitive-motor aspects
of self-other distinction in order to be able to distinguish
rSMG from rTPJ functions and self—other distinction related
to affective versus cognitive content. Moreover, they should
assess comorbidity with levels of alexithymia both in ASD
and neurotypical populations, and they should also vary
the level of personal distress to investigate how becoming
overwhelmed by the other’s negative emotions aggravates
self—other distinction deficits in ASD.

Psychopathy is another disorder characterized by severe
impairments of empathy. According to one prevalent
conceptualization [50], individuals scoring high on the
affective and interpersonal factor of psychopathy are charac-
terized by empathy deficits, shallow affect and lack of
remorse or guilt. Unlike in ASD, the empathy deficit
observed in psychopathy has been associated with altered
shared emotion representations [51].

Over the past decades, a handful of neuroimaging studies
have started to investigate how psychopaths respond to the
emotions of others. This has revealed a general inability to affec-
tively and empathetically respond to others’ emotions, as
indicated by reduced physiological (SCR, heart rate) and neural
activation in areas such as the insula and the amygdala (e.g.
[52,53]). It has thus been suggested that the altered ability to
experience negative emotions lies at the core of the impairments
in correctly recognizing and responding to others” emotions in
psychopathy [54,55]. The extent of this impairment is far from
being understood, though. It has, for instance, been observed
that participants with high psychopathy were able to show a typi-
cal response within the network involved in empathy for pain
when asked to take a ‘self-perspective’ (i.e. a perspective requir-
ing them to imagine explicitly to be in the place of a person
suffering pain [56]). Conversely, when taking a more detached
‘other-perspective’, psychopaths exhibited an atypical pattern
of brain activation. This suggests a dissociation between
self- and other-related emotional experiences. Somewhat contra-
dictorily, though, it has also been shown that in spite of a blunted
automatic emotional response to others” emotions (including
positive ones), psychopaths display ‘normal’ empathy-related
brain responses when explicitly instructed to empathize with
others [57]. This opens the possibility that top-down mechanisms
can compensate for the absence of the automatic empathic
response, by recruiting brain regions coding for shared affect.

Moreover, psychopaths have been described as having an
extraordinary ability to manipulate and charm others to achieve
their goals [50], suggesting a superior capacity to represent their
own and other-related states. In support of this hypothesis,
research in the last decades has shown that psychopaths are pro-
ficient in cognitively representing both others’ desires, beliefs
and intentions (as documented by their normal capacities—
and related brain activations—to pass Theory of Mind tasks,
also in the affective domain [58]), and their own emotional
experiences (as indicated by the absence of alexithymic traits
among psychopaths with deficits in the affective-interpersonal
domain [59]). Interestingly, a recent forensic study suggested
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