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Discussion Paper

Explaining mirror-touch synesthesia

Jamie Ward' and Michael J Banissy?

'School of Psychology, University of Sussex, Brighton, UK
“Department of Psychology, Goldsmiths, University of London, London, UK

Mirror-touch synesthesia (MTS) is the conscious experience of tactile sensations induced by seeing someone else
touched. This paper considers two different, although not mutually exclusive, theoretical explanations and, in the
final section, considers the relation between MTS and other forms of synesthesia and also other kinds of vicarious
perception (e.g., contagious yawning). The Threshold Theory explains MTS in terms of hyper-activity within a
mirror system for touch and/or pain. This offers a good account for some of the evidence (e.g., from fMRI) but
fails to explain the whole pattern (e.g., structural brain differences outside of this system; performance on some
tests of social cognition). The Self-Other Theory explains MTS in terms of disturbances in the ability to
distinguish the self from others. This can be construed in terms of over-extension of the bodily self in to
others, or as difficulties in the control of body-based self-other representations. In this account, MTS is a
symptom of a broader cognitive profile. We suggest this meets the criteria for synesthesia, despite the proximal
causal mechanisms remaining largely unknown, and that the tendency to localize vicarious sensory experiences
distinguishes it from other kinds of seemingly related phenomena (e.g., non-localized affective responses to
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observing pain).

Keywords: Mirror-touch; Synesthesia/synesthesia; Pain; Mirror systems; Social neuroscience; Phantom limb.

First reported in a single case functional brain
imaging study (Blakemore, Bristow, Bird, Frith, &
Ward, 2005), mirror-touch synesthesia (MTS) refers
to an experience in which observing touch to another
person evokes tactile experiences on the observer’s
own body (Banissy, 2013). The existence of MTS has
prompted important theoretical questions within
psychology and neuroscience and, indeed, in other
disciplines such as the arts and humanities (Martin,
in press). What mechanisms enable us to embody a
purely visual event such as the sight of someone
being touched? How do these mechanisms differ
from individual to individual such that in some
people it results in a consciously reportable state

whereas in others it does not? How do differences in
the way that the world is perceived affect other
aspects of cognition (or, indeed, how might a
different cognitive style result in a different way of
perceiving)? What implications does MTS have for
the wider construct of synesthesia and the causal
processes that give rise to it (in both developmental
and acquired forms)? In this Discussion Paper we
provide initial answers to these questions, based on
the evidence available, and provide a theoretical
framework for explaining MTS that will serve as a
roadmap for future research in this area.

In the original case study by Blakemore et al.
(2005), a single individual was reported for whom
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observing touch to another human evoked tactile
experiences under a mirrored frame of reference
(i.e., observing touch to the left side of somebody
else’s face evoked touch on the right-hand side of
the synesthetes’ face). Building on this, Banissy and
Ward (2007) conducted the first group study of MTS
and showed that there are at least two spatial frames
under which MTS experiences can be evoked:
Mirrored (as per the original case) or anatomical
(where observing touch to the left side of somebody
else’s face evoked touch on the left-hand side of the
synesthetes’ face). More recently, a further spatial
mapping has been suggested by White and Davies
(2012) who report two variants of experience within
the mirrored frame of reference related to the
direction of touch: One in which direction of
experience is matched in a body-centered reference
frame and another in a viewer-centered reference
frame. The spatial mappings of anatomical or
mirrored experience have been shown to be
consistent across body parts (e.g., if someone has a
mirrored experience for observed touch to the face
they would also experience this for observed touch to
the hands from a third person perspective; Banissy &
Ward, 2007) and consistent across time (Holle,
Banissy, Wright, Bowling, & Ward, 2011).

Current estimates of prevalence of developmental
MTS suggest at least 1.6% of people meet objective
criteria for the experience (Banissy, Kadosh, Maus,
Walsh, & Ward, 2009), with self-report prevalence
being considerably higher (Banissy et al., 2009; Chun
& Hupe, 2013). The mirrored frame tends to be more
common relative to the anatomical reference frame
(Banissy et al., 2009a). The relative ratio of those
whom experience sensations under body-centered or
viewer-centered frames is untested. A minority of
individuals also report experiencing tactile sensations
when observing touch to objects, either on their hands
or body, in addition to when observing touch to humans
(Banissy & Ward, 2007; Banissy et al., 2009a).
Observing touch to dummy body parts tend to elicit
fewer, and less intense, self-reported sensations, thus
making dummies more comparable to objects than the
human body (Holle et al., 2011). However, observing
touch to a rubber hand has been reported to be sufficient
to elicit the Rubber Hand Illusion (the feeling that one’s
own hand is replaced by the dummy hand), even in the
absence of physical touch, in two participants with MTS
but not controls (Aimola Davies & White, 2013; see
also Giummarra et al., 2010). The fact that observing
touch to most inanimate objects does not trigger mirror-
touch sensations, is reminiscent of the fact that the
Rubber Hand Illusion (in non-synesthetes) is not
elicited by touch to most inanimate objects unless they
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closely resemble a hand (Tsakiris & Haggard, 2005;
Tsakiris et al., 2010).

There have been a number of studies examining
perceptual and cognitive characteristics involved in
developmental MTS. This includes studies
examining the nature of the inducer in MTS (e.g.,
Banissy et al.,, 2009a; Holle et al., 2011) and
broader traits that have been found to be different in
individuals that have MTS including sensory
sensitivity, empathy, and emotion processing
(Banissy et al., 2011; Banissy, Walsh, & Ward,
2009; Banissy & Ward, 2007). The precise
mechanisms that contribute to MTS and how they
link with wider traits observed in MTS remain a
topic of debate. Further, the extent to which MTS
(and other mirrored sensory experiences) really do
qualify as forms of synesthesia has been questioned
(e.g., Rothen & Meier, 2013). Here, we seek to
discuss these issues, beginning with a discussion of
the mechanisms that contribute to MTS and related
experiences (e.g., cases where individuals experience
pain when observing pain to others, hereafter referred
to as mirror-pain) in both developmental and acquired
cases by focusing on two prominent theories of MTS:
Threshold Theory and Self-Other Theory. Following
this, we discuss the relationship between MTS and
other forms of synesthesia. Finally, we consider how
MTS relates to other forms of mirrored-sensory
experiences (e.g., contagious itching; Holle, Warne,
Seth, Critchley, & Ward, 2012), which we discuss in
relation to the notion of mirrored-sensory synesthesia
more widely (Fitzgibbon et al., 2012).

THE THRESHOLD THEORY OF MTS

The Threshold Theory of MTS states that this form of
synesthesia is an extreme end-point of a normal neural
mechanism (a mirror system for touch). Falling on this
end-point gives rise to a qualitatively different
experience to most other people (i.e., a conscious
experience of touch) and this occurs because the level
of activity in the somatosensory system is assumed to
cross a threshold for awareness in mirror-touch
synesthetes (leading to conscious feelings of being
touched) but tends to remain below that level in others
(leading to an implicit vicarious response). Thus,
although there may be continuous variability in the
underlying mechanism across individuals, the
presence/absence of MTS is considered a categorical
one (assuming their position above/below this
threshold is relatively stable over time). This is the first
explanation that was offered for MTS (Blakemore et al.,
2005) and has subsequently been adopted by others as
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further evidence in the field has accumulated (e.g.,
Fitzgibbon et al, 2012; Serino, Pizzoferrato, &
Ladavas, 2008). One of the main purposes of this
Discussion Paper is to evaluate the evidence for and
against the Threshold Theory and, subsequently, to
discuss an alternative (but related) account for MTS
that we term the Self-Other Theory.

Evidence that MTS reflects increased
activity in a mirror system for touch

Blakemore et al. (2005) showed a series of movie clips
depicting touch to a human (face/neck) and touch to an
object in both a single case of MTS and a group of
controls during fMRI. The experimental design was
motivated by the first-person reports of the synesthete
that only touch to humans elicited felt sensations. In the
control group, observing touch to humans (relative to
objects) activated regions involved in the physical
perception of touch (including primary and secondary
somatosensory cortex) in addition to other regions
involved more generally in sensorimotor processing
(premotor cortex, parietal cortex). This provides
evidence for a mirror system for touch—i.e., a neural
network that responds to touch applied both to the self
and to others. This is conceptually related to the
previously documented action-based mirror neuron
system that responds to both self-generated and
observed actions (Rizzolatti & Craighero, 2004). The
synesthete was also noted to activate the same mirror
system for touch but to a significantly greater extent
than controls, which was assumed to be the neural
correlate of her conscious tactile experiences (i.e., the
activity crossed some threshold for awareness).

Further evidence has accumulated for a mirror
system for touch. The most direct evidence comes
from single cell recordings from the primate parietal
cortex of so-called “body matching neurons” that
respond to the same body part both when it is
physically touched but also when the same body
part is observed to be touched on another person
(Ishida, Nakajima, Inase, & Murata, 2010). Single
cell recordings from neurons in the anterior
cingulate cortex of humans have been shown to
respond to both physical pain and the sight of pain
in others (Hutchison, Davis, Lozano, Tasker, &
Dostrovsky, 1999). Other convergent evidence has
come from human fMRI studies (for a review, see
Keysers, Kaas, & Gazzola, 2010). There are,
however, some inconsistencies with the Blakemore
et al. (2005) findings. In particular, other studies
have shown that observing touch to objects also
activates the somatosensory system (Ebisch et al.,

2008; Keysers et al., 2004). These studies, unlike
the one of Blakemore et al. (2005), have tended to
use no-touch baseline stimuli in which body parts or
objects are approached but not touched. Activation of
somatosensory system to observing touch to objects
could either reflect some kind of anthropomorphism,
or a general semantic concept of touch or,
alternatively, the somatosensory activations may
represent the tactile consequences of actions rather
than the thing being touched (Keysers et al., 2010).
However, the latter does not offer a complete account
of the literature. For instance, one study using MEG
revealed that observed touch to the right hand by the
left hand activated left SI consistent with (given the
known laterality of SI) representing the touched hand
rather than touching hand (Pihko, Nangini, Jousmaki,
& Hari, 2011).

Holle, Banissy, and Ward (2013) attempted to
address some of these issues using fMRI by directly
contrasting a group of MTS participants with controls
and contrasting three types of stimuli (human faces,
dummy faces, objects) in both observed touch and no-
touch conditions. Both synesthetes and controls
showed activity in somatosensory regions in the
touch relative to the no-touch conditions. Moreover,
some somatosensory regions (e.g., part of the face
region in SI) did not differentiate between the
stimulus that was touched (consistent with an
anthropomorphic response to objects). Both groups
also showed activity in the SI hand area suggesting
that both the toucher and touched are simulated (and
even though hands were not visible because touch was
delivered by a paintbrush). In the crucial between-
group comparison that contrasted stimuli that induce
a conscious tactile experience (observed touch to
human face) against the matched non-inducing
stimuli (no-touch to human face), synesthetes show
hyper-activity in both primary (SI) and secondary
(SII) somatosensory cortex activity relative to
controls—i.e., as predicted by the Threshold Theory.
However, Holle et al. (2013) argued that SII, rather
than SI, may be more closely tied to the conscious
tactile experiences. This is because further analyses
established that SII (but not this SI area) was
activated by physical touch to the face, correlated
with intensity ratings of synesthesia (acquired outside
the scanner), and showed increased grey matter density
in a VBM (voxel-based morphometry) analysis.

In general, perceptual stimuli that are consciously
perceived (as opposed to subliminal) tend to be linked
to greater activity in parts of the brain involved in the
perception of that stimulus (e.g., Dehaene, Changeux,
Naccache, Sackur, & Sergent, 2006). Thus,
consciously perceived houses and faces are linked to
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greater activity in ventral stream regions specialized
for perceiving those stimuli, relative to when the same
stimuli are subliminally presented (Moutoussis &
Zeki, 2002). In the domain of touch, the same
applies within the somatosensory system and has
been linked specifically with feedforward processing
to SII (Auksztulewicz & Blankenburg, 2013;
Auksztulewicz, Spitzer, & Blankenburg, 2012; see
also Gallace & Spence, 2008). Conscious
experiences of touch in a case of acquired auditory-
tactile synesthesia, following thalamic lesion, were
also linked to increased activity in SII and increased
anatomical connectivity in that region (Beauchamp &
Ro, 2008).

Osborn and Derbyshire (2010) examined
conscious perceptions of pain in response to seeing
others in pain (e.g., broken limbs). A group who
reported conscious pain experiences (which we term
mirror-pain) were compared with a group who did not
(which we consider as controls). During fMRI,
painful and non-painful/emotional images were
contrasted. Both groups showed similar levels of
activity to pain relative to no-pain stimuli in a mid-
anterior cingulate region. Other research has linked
this region to the affective aspects of pain and it is
often activated in response to seeing others in pain
(Lamm, Decety, & Singer, 2011). However, the
mirror-pain group showed significantly higher levels
of activity in SII (a region related to sensory aspects
of pain) and the anterior insula. Damage to the insula
results in impaired judgments of others’ pain (Gu
et al., 2012; Wang et al., 2014) and, moreover, high
levels of anterior insula activity were found in the
MTS participant reported by Blakemore et al. (2005;
but not by Holle et al., 2013). Although Osborn and
Derbyshire (2010) did not make any link to
synesthesia, their findings are clearly in line with the
Threshold Theory. The question of whether this
should be considered a type of synesthesia in its
own right (or, indeed, is another instance of MTS) is
returned to later.

Aside from brain imaging, several recent studies
have attempted to induce symptoms of MTS in non-
synesthetes using brain stimulation (Bolognini,
Miniussi, Gallo, & Vallar, 2013; Bolognini, Rossetti,
Fusaro, Vallar, & Miniussi, 2014). Bolognini et al.
(2013) applied tDCS (transcranial direct current
stimulation) over SI to increase cortical excitability
and, hence, to potentially raise activity above the
threshold for perceptual awareness. They adapted
the behavioral paradigm of Banissy and Ward
(2007) showing that people with MTS show
interference in detecting the location of physical
touch when concurrently presented with observed
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touch (to humans not objects) that induces
synesthetic touch to another location. tDCS targeted
at SI also led to a similar behavioral profile in non-
synesthetes (greater interference from observed touch
to humans, not objects, when spatially incongruent),
but control stimulation (sham, or tDCS to another
site) did not. Moreover, the degree of behavioral
interference in the key condition was correlated with
self-reports of symptoms similar to MTS during the
task.

Mirror touch/pain synesthesia in
amputees

There is evidence that observing pain and touch to
other humans can—in some acquired amputees
(either upper or lower limb)—elicit felt sensations of
pain and touch. However, there is one crucial
difference between mirror touch/pain in amputees
and normal-bodied individuals: Namely, in amputees
the sensations are typically felt on the phantom or
stump but in normal-bodied people (developmental
MTS) there is a close correspondence between the
observed bodily location and the felt one. This has
been explained in terms of compensatory hyper-
activity of a localized part of the somatosensory
system (that corresponding to the missing limb)
arising due to removal of inhibitory pathways into
that region (Fitzgibbon et al., 2012; Ramachandran
& Brang, 2009). That is, the Threshold Theory
discussed previously has been extended to an
acquired form of mirror touch/pain synesthesia.
Fitzgibbon et al. (2010) administered a
questionnaire to a group of amputees that included
an item about mirror pain (“phantom pain is triggered
by observing or imagining pain in another person
[ves/mo]”) plus various follow-up questions (e.g.,
concerning possible seen bodily locations, whether it
has to be a loved one, etc.). Sixteen percent of their
sample (12/74) of amputees responded affirmatively
to the question. Almost all agreed that it was triggered
by observing any pain (rather than pain to particular
bodily locations or people). Most reported that the
subjective experience was comparable to that
experienced during spontaneous phantom pain.
Goller, Richards, Nowak and Ward (2013)
conducted a similar study to Fitzgibbon et al. (2010)
but tried to experimentally induce (self-reported)
pain/tactile sensations using movie clips rather than
relying on retrospective reports of mirror pain from a
questionnaire. Of their sample of 28 amputees, 9
participants (32%) reported mirror-pain sensations
that tended to gravitate toward the phantom/stump (a
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small number of other individuals reported occasional
trials that tended to be linked to correspondence
between seen and felt locations). As with
developmental MTS, felt touch/pain was more likely
to be elicited following observed touch to a real body
than a dummy or object.

Giummarra et al. (2010) used a version of the
Rubber Hand Illusion on amputees and found that
leg amputees report sensations of pain and
movement in their phantom when a rubber hand is
threatened. Further research has established that
amputees with mirror-pain synesthesia have a
different EEG response to observing painful images
(Fitzgibbon et al., 2011) but, aside from this, very
little is known about the neural basis in amputees.

As an alternative to reduced inhibition, another
contributing neural mechanism might be central
sensitization of the pain system that occurs
following injury resulting in hyper-sensitivity to
mildly painful stimuli and pain responses to stimuli
that are normally non-painful such as light touch
(Woolf, 2011). Whether central sensitization makes
people more susceptible to vicarious pain (measured
neurophysiologically) or mirror pain (measured via
self-report) is unclear (but see Lee et al., 2013). One
characteristic of central sensitization is that the whole
body becomes sensitized to pain, and not just the part
of the body corresponding to the initial site of
damage. This may possibly account for the fact that
observed touch/pain to any body part can act as an
inducer (i.e., observed pain in the arm triggering pain
in a phantom foot).

Why do some amputees have these experiences
whereas most others do not? Neither Fitzgibbon et al.
(2010) or Goller et al. (2013) found an association
between MTS and characteristics of the amputation
(e.g., time since amputation, extent of loss).
Fitzgibbon et al. (2010) noted that a high proportion
(5/12) of the mirror-pain amputees reported other types
of synesthesia (e.g., grapheme-color) although this was
not verified with testing. Whereas, Goller et al. (2013)
reported that these amputees had higher “emotional
reactivity” on an empathy scale, similar to that
documented in developmental cases of MTS (Banissy
& Ward, 2007). Although these results are preliminary,
they suggest a role for pre-existing characteristics of
the individual that influence changes in the functioning
or organization of the mirror system for touch
following loss of somatosensory input. Some research
suggests that even temporary and localized disruption
of sensory inputs (from dental anesthetics or numbing
cream) can result in reports of mirror-touch-like
experiences in the desensitized part of the body
(Case, Gosavi, & Ramachandran, 2013).

Problematic evidence for the threshold
theory

Threshold Theory is not fundamentally wrong, but is
incomplete as an explanation. Specifically, people
with MTS differ in ways that go beyond what
would be predicted by the simple form of this
theory articulated thus far. For instance, people with
MTS show structural differences in their brain,
assessed by VBM, that are not limited to the
somatosensory system (Holle et al., 2013). These
include reduced grey matter density in a right
temporo-parietal junction region (rTPJ) and the
medial prefrontal cortex (mPFC), and increased grey
and white matter density in the right temporal pole.
These three brain regions have been consistently
implicated in studies of so-called “mentalizing” or
theory-of-mind, i.e., the attribution of mental states
to others (Frith & Frith, 2003). However, the precise
function of these regions remains contested. This
particular region of the mPFC tends to be activated
more when thinking about the self relative to others,
but close others (e.g., family or people who are
similar to oneself) activate the region too (Krueger,
Barbey, & Grafman, 2009). The rTPJ region tends to
be activated more when thinking about others than
self (Ruby & Decety, 2004). It has been linked to
bodily perspective taking (Arzy, Thut, Mohr, Michel,
& Blanke, 2006), and the ability to appropriately
control self and other representations (e.g., to inhibit
oneself and boost representations of others or vice
versa; Santiesteban, Banissy, Catmur, & Bird, 2012;
Spengler, Von Cramon, & Brass, 2009).

People with MTS report various unusual bodily
experiences that extend beyond touch and pain.
Consider the following quotes from people with
MTS:'

“T loved to stand in front of the Giacometti
[sculpture]... and it is a very good feeling. So I
love to stand in front of them and feel I am getting
longer”

“As Nadia [Comaneci; the gymnast] moved through
her routines my body would twitch and my muscles
would move as she moved, and my friends just
considered me a freak, and I couldn’t explain it,
and I wasn’t trying to do it, and I just found the
more | watched her the muscles in my legs would
fire, and my legs would move. I remember being not
able to explain what I was doing or why I was doing
it, or even really realising that I was doing it, until
my friends would point things out to me.”

'"These quotes were obtained by Daria Martin and Eleanor
Cleghorn.



Downloaded by [Radcliffe Infirmary] at 06:25 06 January 2016

“if I were to attend to a lamp or a potted plant, I feel
my body become many of their elements—the
roundness of the lamp or the hollow round
sensation of the lamp shade... I sense my body
shaped with the pointed -characteristics of the
branches of the plant and smooth portions
corresponding to its leaves”.

Although anecdotal in nature, these descriptions
have been noted in multiple case histories beyond
those listed here. These quotes imply a general
tendency for bodily sensations to be driven by
visual input and they extend beyond
somatosensation to include feelings of body shape
and body movement. The Threshold Theory, by
contrast, only offers an account of touch and pain.
It is to be noted that the quotes do not describe out-
of-body experiences (projection of the self
externally) but rather the opposite scenario of
incorporating others into the bodily self. In the
subsequent section we interpret this evidence, and
other evidence, in terms of disturbances in Self-
Other processing in MTS.

THE SELF-OTHER THEORY OF MTS

The Self-Other Theory states that MTS is a result
of disturbances in the ability to distinguish the self
from others (Banissy & Ward, 2013; Banissy et al.,
2009a). The account is not necessarily in opposition
to Threshold Theory, but compliments it by
suggesting that, for individuals with MTS, atypical
self-other representation abilities amplify vicarious
responses when observing touch to others. In this
regard, self-other processing may act as a gating
mechanism for neural activity within the mirror
system for touch, akin to the role that mechanisms
of self-other control (also referred to as self-other
switching) have been suggested to play in empathy
and other socio-cognitive abilities more generally
(e.g., Bird & Viding, in press; Sowden & Shah,
2014). To date, accounts of self-other processing
disturbances in MTS have commonly fallen under
two related themes: (1) atypical representations of
self-awareness, and (2) atypical abilities to control
representations of the self and others. We consider
each below.

Self-awareness in MTS (“who”
mechanisms)

Original accounts of differences in self-other
processing in MTS built upon work in non-
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synesthetes showing that levels of self-similarity
modulate the extent to which we all vicariously
represent the pain and touch of others (e.g.,
Avenanti, Sirigu, & Aglioti, 2010; Azevedo et al,,
2013; Mahayana et al., 2014; Serino, Giovagnoli, &
Ladavas, 2009; Serino et al., 2008). For example,
Serino et al. (2008, 2009) show that observing
another person being touched can modulate the
perception of touch, but that this is mediated by the
extent to which the other person is perceived as being
similar to the self. Further, in-group/out-group
membership has been shown to influence vicarious
representations (e.g., Serino et al., 2009), suggesting
that even contextual cues about the self can modulate
the extent to which we all share the experiences of
others. Extending this to MTS, it has been suggested
that representations of the self might be more
expansive in individuals who experience mirror-
touch sensations leading to the incorporation of
other’s  experiences into their own body
representation (Banissy et al., 2009a; Aimola Davies
& White, 2013). That is to say that one mechanism
that might be atypical in MTS is the ability to
determine “who” is the subject of touch (Banissy
et al., 2009a).

In support of this, Maister, Banissy, and Tsakiris
(2013) showed that, in MTS, simply observing touch
to others could evoke a change in mental
representations of the self. This was measured using
the “enfacement illusion” in which observing touch to
another person’s face while simultaneously receiving
synchronous tactile stimulation to one’s own face
leads to a tendency for individuals to incorporate
more of the other into representations of themselves
when making judgments about morphed stimuli of
faces containing varying proportions of the self or
other (Tsakiris, 2008). Individuals with MTS
experienced the enfacement illusion when simply
viewing touch to others (i.e., without physical tactile
stimulation; Maister et al., 2013). Further, Aimola
Davies and White (2013) report that individuals with
MTS experience the Rubber Hand Illusion when
simply observing touch to a prosthetic hand. In the
typical rubber hand illusion observing touch to a
prosthetic hand paired with synchronous tactile
stimulation of one’s own hand leads to the
prosthetic hand being incorporated into one’s sense
of body ownership, but in MTS simply observing
touch without any physical tactile stimulation is
sufficient to evoke the illusion. In a similar context,
during the rubber hand illusion, individuals that report
mirror-pain sensations have been shown to experience
a sense of ownership over the prosthetic hand during
synchronous and asynchronous stroking (Derbyshire,
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Osborn, & Brown, 2013), whereas non-synesthete
controls only experience the illusion during
synchronous stroking. In this regard, sense of body
ownership appears distorted in MTS and mirror-pain,
which may contribute to self-other confusion in these
individuals. We also speculate that people with MTS
may experience these illusions in situations in which
the illusion is normally attenuated or not found (e.g.,
when the rubber hand is an allocentric orientation).

The extent to which changes in sense of body
ownership alone or broader changes in self-
awareness are present in MTS (and mirror-pain)
remains to be determined. Self-awareness is often
discussed in the context of two related socio-
cognitive processes: Sense of body ownership and
sense of agency. While individuals with MTS and
mirror pain have been shown to have more
malleable self-representations in terms of sense of
body ownership, little is known about how this
relates to sense of agency. There are reasons,
however, to predict changes in sense of agency in
these experiences. For example, previous research
in typical adults has shown that sense of agency
can play a role in structuring bodily awareness
(e.g., Tsakiris, Prabhu, & Haggard, 2006); and
patients ~ with  impairments in  self-other
discrimination perform poorly on agency tasks
(Daprati et al., 1997). Based on this, it has been
suggested that agency-processing differences may
exacerbate more basic disturbances in bodily
awareness in MTS (Cioffi, Moore, & Banissy,
2014). The extent to which individuals that
experience MTS and/or mirror pain show atypical
sense of agency, and how this combines with
previously reported differences in sense of body
ownership (e.g., Aimola Davies & White, 2013;
Derbyshire et al., 2013; Maister et al., 2013)
requires further investigation. There are also
preliminary findings suggesting that reduced self-
awareness to one’s own bodily pain may to some
extent be associated with an increased tendency to
experience mirror-pain sensations, implying some
degree of broader altered self-awareness in mirror-
pain responders (Vandenbroucke et al., 2013).

Self-other control mechanisms in MTS

In addition to representations of the self, more recently
it has been suggested that self-other disturbances in
MTS may be associated with a more specific
impairment in the ability to control self-other
representations (Banissy & Ward, 2013; Sowden &
Shah, 2014; Ward, 2013). That is to say MTS may be

related to difficulties in the ability to control the extent
to which they can inhibit the experiences of others,
while boosting representations of the self (or vice
versa). For example, in order to take another’s
perspective we are required to boost representations
of another while inhibiting representations of
ourselves, while in order to suppress imitative
behaviors we are required to inhibit representations of
another and boost representations of ourselves. One
hypothesis is that individuals with MTS will show
impairment in mechanisms that mediate the ability to
appropriately control self-other representations leading
to a more general failure to inhibit the experiences of
others (Banissy & Ward, 2013).

This proposal builds on neuroimaging data
showing that individuals with MTS show less grey
matter volume in the rTPJ relative to non-
synesthetes (Holle et al., 2013). As noted above,
in typical adults, the rTPJ has been shown to be
important in the ability to control the extent to
which representations of the self or other are
enhanced or inhibited (e.g., Hogeveen et al., in
press; Santiesteban et al., 2012; Spengler et al.,
2009). For example, Santiesteban and colleagues
(2012) used transcranial direct current stimulation
(tDCS) to show that modulating cortical excitability
in the rTPJ enhances the ability to control self-other
representations. More specifically, in one task tDCS
of r'TPJ enhanced self representations and inhibited
representation of the other, but in another it
enhanced other representations and inhibited self
representations, suggesting that rTPJ plays a role
in the control of self and other representations
rather than processing self-only or other-only
representations. In other domains there is evidence
to suggest that neural activity in the TPJ may play a
role in mediating vicarious responses. For example,
a recent fMRI study examined the phenomenon of
“compassional hyperalgesia”—where seeing another
person in pain (images of burns, wounds, etc.)
increases the perceived intensity of a subsequent
physical pain stimulus applied to the observer
(Godinho et al.,, 2012). One might have expected
the increased painfulness to be related to increased
activity within the pain matrix itself (given that
parts of this system function as a mirror system
for pain) but, instead, the increased painfulness
was related to the recruitment of a non-pain brain
network that included the TPJ. Thus, compassional
hyperalgesia may relate more to the engagement of
self-other discrimination mechanisms (in addition to
wider contextual appraisals; Martin, Tuttle &
Mogil, 2014). We contend that a similar self-other
process may contribute to MTS.
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While there are currently no published studies on
mechanisms of self-other control in MTS, difficulties
in controlling self-other representations have been
reported in individuals who experience mirror-pain
sensations. For example, Derbyshire et al. (2013)
report that individuals that report experiencing
mirror-pain sensations show greater levels of self-
other confusion than controls. In that study the
authors compared performances of individuals that
did or did not report mirror-pain sensations on a
version of the Dot Perspective task (Samson,
Apperly, Braithwaite, Andrews, & Bodley Scott,
2010), which is a commonly employed measure of
self-other processing. In the task used by Derbyshire
et al. (2013), participants viewed an avatar facing to
the left or the right. Dots appeared on the wall in front
of the avatar, behind the avatar, or both, with the
number of dots varying from trial to trial. Prior to
each trial participants were cued to adopt either their
own perspective (self-trials) or the perspective of the
avatar (other-trials). They were asked to report the
number of dots seen from the cued perspective.
There were two types of trial: Consistent and
inconsistent. In consistent trials, the participant and
the avatar saw the same number of dots. In
inconsistent trials the participant and the avatar saw
a different numbers of dots, thus information from
one source (self or other) should have been inhibited
while the other source (self or other) enhanced
depending on the cued perspective. Typically,
participants are slower to verify the number of dots
they can see in a picture in inconsistent trials, even
when explicitly instructed to adopt their own
perspective (Samson et al., 2010)—i.e., they have
difficulty inhibiting the other and enhancing the self.
Derbyshire et al. (2013) found this interference effect
to be greater in individuals that report experiencing
mirror-pain relative to those that do not. They
interpreted this as evidence of greater levels of self-
other confusion in individuals that experience mirror-
pain. While indicative of this, unfortunately, the Dot
Perspective task has recently been criticized for not
being a pure measure of self-other processing
(Santiesteban, Catmur, Hopkins, Bird, & Heyes,
2014). Moreover, Santiesteban and colleagues
(2014) report that replacing the avatar in the Dot
Perspective task with an arrow produces a similar
patterns of data, suggesting that domain-general
differences in attention allocation rather than self-
other confusion contribute to interference effects on
this task. Delineating the extent to which self-other
control versus domain general attention control are or
are not atypical in MTS and other phenomena, such
as mirror pain, remains an important future challenge.
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Whatever the precise mechanism, differences in
performance on self-other perspective tasks are
suggestive of a wider profile of cognitive differences
(including those unrelated to touch and pain) that are
not predicted by simpler versions of the Threshold
Theory. Similarly, potential differences in controlling
self-other representations in MTS provide a clearer
explanation for wider social processing differences
that have been reported in MTS (e.g., empathy:
Banissy & Ward, 2007; Goller et al., 2013; emotion
recognition: Banissy et al., 2011) than Threshold
Theory alone. Recent accounts suggest that the
ability to control self-other representation may play
a key role in a number of socio-cognitive processes
including perspective-taking, theory of mind, and
empathy (see, e.g., Bird & Viding, 2014; Sowden &
Shah, 2014). For example, in the context of empathy,
Bird and Viding (2014) suggest that the ability to
switch between the processing of self and other
representations may play a key role in biasing
processing toward affective cues displayed by others
in order to change one’s own affective state to match
another person’s state (i.e., to experience empathy). If
MTS is linked to general difficulties in the ability to
suppress the representations of others, then it is not
difficult to see how this could contribute to broader
biases in social perception reported in this group. In
fact, it may even lead to some problems (e.g., in
interactions in which we need to inhibit imitative
behaviors by inhibiting representations pertaining to
the other and enhancing representations related to
ourselves).

In this context Self-Other Theory provides a
stronger rebuttal to a limitation that has been
indirectly targeted at Threshold Theory—namely, the
extent to which differences in vicarious responses to
touch contribute to broader socio-cognitive abilities
that differ in MTS. For example, De Vignemont (in
press) states:

Let us imagine that you see me being stroked by a
paintbrush. You then understand that I feel touch. So
what? What kind of prediction can you make on the
basis of this newly acquired knowledge?. .. First, the
role of vicarious touch for mindreading, and more
generally for social cognition, is minimal. Secondly,
it is not clear in what sense it is useful to empathize
with someone’s tactile experiences anyway. (De
Vignemont, in press).

In the context of MTS, a simple response to this
critique is that although labelled as “mirror-touch” the
experience is not only about touch: It is a symptom
related to disturbances in self-other representations,
which can play a role in a number of socio-cognitive
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processes including perspective-taking, theory of
mind, and empathy.

Limitations of self-other theory

It is important to discuss other features that may be
considered limitations of Self-Other Theory of MTS.
One feature is how well Self-Other Theory can
account for cases in which MTS experiences are
induced when observing touch to objects. Moreover,
while the majority of individuals with MTS only
experience sensations when observing humans being
touched, a small subset do report experiences when
observing touch to objects (Banissy et al., 2009a). At
first sight it may seem difficult to reconcile this with
self-other accounts, since by definition an object is
not another person. One possibility is that, for
individuals who experience MTS from objects,
domain general difficulties with the ability to
differentiate/control task-relevant from task-irrelevant
representations is a fundamental disturbance, whereas
for individuals who only experience MTS when
observing touch to other people, a domain-specific
disturbance in the ability to control self-other
representations is at play. This feeds into broader
debates about the role of the rTPJ in domain general
attention control versus domain specific self-other
control processes and evidence that sub-divisions
within the rTPJ may play a function in each process
(e.g., Cook, 2014; Nicolle et al., 2012).

A further limitation of Self-Other Theory relates
to the extent to which it can account for acquired
cases of MTS—e.g., in amputees (e.g., Goller et al.,
2013). One possibility is that inter-individual
variability in self-other representations influences
which amputees report MTS and which do not
following amputation. That is, this theory predicts
that it is more likely for individuals to acquire MTS
if they have greater levels of self-other confusion to
begin with. To date this has not been tested, but
some of the paradigms described above could be
extended to this group. An alternative possibility is
that developmental cases of MTS and cases in
amputees both reflect overactive mirroring (as
Threshold Theory would predict), but the
mechanisms through which this occurs differ. In
developmental cases, disturbances in controlling
self-other representations may lead to atypical
cortical responses within neural systems involved in
mirroring touch, whereas in acquired cases shifts in
vicarious activation may be related to disturbances in
bodily feedback directly influencing representations
within the somatosensory system (e.g., the missing

limb may lead to a failure to inhibit observed touch/
pain; Ramachandran & Brang, 2009). These remain
open questions for future studies, but highlight how
it is likely that an integrative account combining
both Self-Other Theory and Threshold Theory will
be the most parsimonious means to explain MTS in
developmental and acquired cases.

IS THIS SYNESTHESIA?

The debate around what does and does not constitute
synesthesia is a long-standing one (e.g., Baron-Cohen
& Harrison, 1997). More recently, some researchers
have questioned whether mirror-touch is a form of
synesthesia (e.g., De Vignemont, in press; Rothen &
Meier, 2013). In addressing this question, we break
the argument down into two sets of issues. Does it
have the key characteristics of other types of
synesthesia? Does it share the same mechanisms as
other types of synesthesia? Finally, if one does accept
mirror-touch as a form of synesthesia, then have the
floodgates been opened to a host of other
phenomena? This would include contagious
yawning (Provine, 1996) and contagious itching
(Holle et al., 2012)—that is, watching someone else
yawning or itching elicits a comparable response in
the observer. We will argue why these should not be
considered types of synesthesia.

Does MTS share characteristics with
other types of synesthesia?

Ward (2013), in broad agreement with others in the
field, has argued that synesthesia has three defining
features:

1. That the experiences are explicit and percept-
like.

2. That the experiences are elicited (that is, they
can be described as a concurrent experience
triggered by an inducer).

3. That the experiences are automatic.

The percept-like nature of synesthesia is
essentially based on first-person report that there is a
homology between the synesthetic experience and
that of physical seeing, feeling, tasting, etc. If given
a list of qualitative descriptors that includes “touch”
but also includes other plausible options such as
“tingling,” “itchiness,” or “other” most mirror-touch
synesthetes choose “touch” (with a minority

il
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consistently reporting “tingling”). Other lines of
evidence, discussed above, corroborate the percept-
like nature: Namely, fMRI studies show that
perceptual regions of the brain are active during
synesthesia. If anything, the evidence from mirror-
touch more clearly supports the perceptual criterion
than, say, grapheme-color in which visual cortex is
less consistently implicated (Rouw, Scholte, &
Colizoli, 2011).

Mirror-touch synesthesia meets the criteria of
being elicited. However, the nature of that inducer is
less straightforward to articulate than in other
examples of synesthesia. Blakemore et al. (2005)
referred to it as vision-touch synesthesia which is
not accurate (vision of bodily sensations may be
more accurate). Rothen and Meier (2013) argue that
MTS differs from other kinds of synesthesia in that
there is only one inducing stimulus compared to, say,
grapheme-color synesthesia in which many letters and
digits act as inducers. However, we suggest that there
are an infinite number of inducing stimuli in MTS
(infinitely varying locations on the body with
differing intensities and qualities) making it more
akin to auditory-visual synesthesia (in which the
inducing stimuli vary infinitely according to pitch,
loudness, timbre, etc.).

The third criteria, automaticity, is demonstrated by
research showing that when asked to respond to
physical touch (delivered from an electronic tapper
attached to the face or hands), participants with MTS
are unable to ignore their synesthetic touch (elicited
by observing touch to another person presented on a
computer screen; Banissy & Ward, 2007). The fact
that synesthetic experiences are automatic can explain
why synesthesia subjectively resembles perceiving
rather than imagining. Imagining touch also
activates the somatosensory system (e.g., Schmidt,
Ostwald, & Blankenburg, 2014) but, in the case of
imagery, there is a sense of self-causality (“I caused
that experience”) that is absent in both synesthetic and
physical tactile perception (“that experience was
caused by some external event”).

Other candidate criteria, proposed by some,
include consistency over time and an idiosyncratic
relationship between the inducer and the concurrent.
Mirror-touch synesthesia meets the former criteria
(Holle et al., 2011) but not the latter. The non-
arbitrary nature between inducer (seeing touch) and
concurrent (feeling touch) was one consideration that
led Rothen and Meier (2013) to question whether it
should be considered synesthesia at all. We note that
other forms of synesthesia are only partially
idiosyncratic, with most types being influenced by
correspondence rules (e.g., high pitch being lighter;
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Sagiv & Ward, 2006). These rules either derive from
the statistical properties of the world or, else, are
grounded by the innate multi-sensory architecture of
the brain (Spence, 2011). However, the lack of
idiosyncrasy in MTS does generate some difficult
questions that we tackle later (e.g., why not mirror-
yawn synesthesia?).

Does MTS share the same causal
mechanisms as other types of
synesthesia?

Simner (2012) has argued that the definition of
synesthesia should ultimately depend on the
underlying causal mechanisms. Do different types of
synesthesia have the same causal mechanisms—
genetic dispositions, effects on brain structure and
function, and so on? Other forms of synesthesia are
known to run in families and have a genetic
contribution (e.g., Asher et al., 2009). It is unclear
whether this applies in mirror-touch synesthesia.
Some mirror-touch synesthetes report a familial
history of grapheme-color synesthesia, but it is
important to establish whether this occurs more than
by chance and current evidence is equivocal (Chun &
Hupé, 2013). Mirror-touch synesthesia typically has a
developmental origin like other typical examples of
synesthesia. If one were to find genes linked to, say,
grapheme-color synesthesia, one could potentially test
to see if the same held true for MTS. But what if it
didn’t hold true? Would we then be forced to
conclude that this was not a form of synesthesia?
Presumably not, but one would have to
acknowledge instead  different causal and
developmental trajectories.

At this point it may be helpful to distinguish
between distal causes and proximal causes. The
distal causes refer to the precipitating event (e.g., a
claim such as “MTS is caused by a set of genes that
develop the brain in certain ways”) and the proximal
causes refer to a more mechanistic level of
explanation (e.g., such as “MTS is caused by
differences in a brain network that treats bodily self
and other as similar but different”). It is theoretically
possible to have different distal causes giving rise to
similar proximal causes. Fitzgibbon et al. (2012) offer
an account along these lines of both developmental
and acquired (in amputees) MTS based on the
assumption of different distal causes but a similar
proximal cause (namely, hyper-activity within a
mirror system for touch). Attempts to create MTS
via brain stimulation (Bolognini et al., 2013) can
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also be construed as attempting to recreate the
proximal, but not distal, causal mechanisms.

In order to understand whether MTS and other
variants (e.g., grapheme-color synesthesia) share
distal or proximal causal mechanisms it is important
to study each wusing comparable tasks and
methodologies. For instance, one body of research
has shown that grapheme-color synesthetes appear to
show increased sensitivity to color (Banissy et al.,
2009), have a lower phosphene threshold to brain
stimulation (Terhune, Tai, Cowey, Popescu, &
Kadosh, 2011), and also have increased EEG
visual-evoked potential to certain achromatic (non-
inducing) stimuli (Barnett et al., 2008). That is, their
visual system appears to function differently from the
norm. It would be important to understand the
mechanisms behind this (including whether such
differences are a cause or consequence of having
synesthesia) and also to explore whether parallel
effects are found for somatosensory perception in
MTS. One study has indeed shown better tactile
acuity in MTS (Banissy et al., 2009b), suggesting
that comparable functional differences exist in
perceptual processing here too. Other research has
shown atypical multi-sensory integration in
grapheme-color synesthesia (Brang, Williams, &
Ramachandran, 2012; Sinke et al., 2014) and it
would be important to ascertain whether the same
holds true in MTS.

Why not mirror-itch and mirror-yawn
synesthesia? Why is mirror-pain so
prevalent?

Contagious yawning and contagious itching, when
observing other people yawning or scratching, are
normative phenomenon in which it is more common
to experience some contagion than not (Holle et al.,
2012; Platek, Critton, Myers, & Gallup, 2003). Rarity
aside, these phenomena bear close superficial
resemblance to MTS. Few, if any, researchers would
endorse rarity as a defining characteristic of
synesthesia, but it is hard to imagine how a common
set of mechanisms/principles can account for both a
rare developmental trajectory (such as grapheme-
color synesthesia) and a near-universal one (such as
contagious itch). The danger is that the term
“synesthesia” becomes meaningless as a theoretical
construct if it is applied too widely. The converse
problem is that it seems arbitrary to allow mirror-
touch to be classed as synesthesia but not “mirror-
itch” or “mirror-yawn.” Similar concerns can be
raised about mirror-pain for which Osborn and

Derbyshire (2010) reported a prevalence of 33%
(but note that they did not interpret this in terms of
synesthesia).

In order to unpack these issues it is important to
consider the nature of the information that is being
shared. In the case of yawning it is a motor response/
urge to yawn that is shared (although it could be the
concept of sleepiness too). In the case of observing
scratching it could be a feeling/affective response
(itchiness) and/or a motor response/urge to scratch.
Lloyd, Hall, Hall, and McGlone (2013) found that
images of bugs on the skin tended to be more potent
visual inducers of itch than images of scratching
actions themselves. This observation is of interest
because it implies that contagious itchiness may be
more to do with induction of the feeling state
(itchiness/unpleasantness) rather than contagion of
the motor act. (Previous speculations concerning
contagious itching have centered on the action-based
mirror  system; Ikoma,  Steinhoff,  Sténder,
Yosipovitch, & Schmelz, 2006.) Similarly, Ward,
Burckhardt, and Holle (2013) found that when
people scratch themselves as a result of watching
others scratching, they do not mirror either the
location of itch or the hand that does the scratching
(e.g., observing someone scratching their chest with
their left hand may elicit a scratch to their head using
their right hand).

Pain, like itch, is also a multi-faceted construct
consisting of affective, sensory, and evaluative
components. When viewing or thinking of others in
pain (in non-synesthetes), research with fMRI has
shown consistent activity in regions specialized for
processing the affective aspects of pain, with more
variability across studies with respect to regions that
process sensory aspects of pain (e.g., Lamm et al.,
2011). This may relate to factors such as whether the
source of the pain is known (e.g., seeing an injection)
or not (e.g., seeing a pained facial grimace). What is
largely unknown is whether conscious reports of
feeling the pain of others (a candidate for being
called “synesthesia”) are sensory or affective in
nature. We predict that it is the sensory aspects of
pain that are likely to show the greatest variability
across individuals and also the closer links
(mechanistically and superficially) to MTS. The
prevalence of 33% reported by Osborn and
Derbyshire (2010) is likely to reflect a mixture of
both affective and sensory-based mirror-pain. They
also used a liberal threshold of experiencing pain to
one or more images/movies (as opposed to zero). It
would be important for future research to characterize
this further but we expect the prevalence to be
considerably lower.
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In a preliminary study, we explored how people
with MTS respond to movies depicting pain or itch.
An online test showed movie clips depicting neutral
touch (N = 14 stimuli; a subset of those used by Holle
et al., 2011), clips depicting painful touch (N = 6; all
were injections), and clips depicting scratching
(N = 4; a subset of those used by Holle et al.,
2012). These were shown to a group of 12
individuals reporting mirror-touch synesthesia (two
male, one left handed, age range = 19-71 years). To
be classified as having MTS these individuals
reported sensations on their own body on 40% or
more trials depicting neutral touch, in addition to
previously reporting such experiences in daily life.
This cut-off results in an average of 67% of trials
depicting touch to a human eliciting a tactile
experience, which is consistent with previous
research with these stimuli (Holle et al., 2011). A
second group, classified as controls, reported very
few or no sensations on their own body to these
stimuli (N = 17 participants, four males, one left
handed, age range = 19-36 years). As such, the
assignment of MTS or control was based entirely on
the neutral touch trials and we then sought to
determine how the two groups would differ on the
trials depicting pain and itch (orthogonal to our initial
classification). For these stimuli, participants were
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asked to rate the intensity of any experience on their
own body (0-10 scale). For ratings greater than 1,
they were then given a list of qualitative descriptors
from which they could choose only one (these were:
Touch without pain, tingling, itchiness, feeling of
being scratched, painful touch, pain (without touch),
and other/specify) and a second set of descriptors that
described the location of the experience and
corresponded to at least one body part depicted in
the clips (left hand, right hand, left face, right face,
left arm, right arm, neck, back, chest, not localizable,
other).

The results are summarized in Figure 1. For the
videos depicting itch, the two groups did not differ in
terms of the number of stimuli that elicited feelings of
“itchiness” or “tingling” (collapsing these two related
descriptors together). However, the MTS group were
significantly more likely to report “touch” in response
to seeing scratching (Mann Whitney, p = .011) and a
non-significant tendency to report a “feeling of being
scratched.” The location felt on the body was
categorized as anatomical, mirrored, or not
localizable. The MTS group were significantly more
likely to give mirrored locations (Mann Whitney,
p = .038). As noted previously (Ward et al., 2013),
controls show no preference for mirroring the
laterality of these stimuli.

Figure 1.
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For the videos depicting pain, the two groups
again did not differ in terms of the number of
stimuli that elicited feelings of “itchiness” or
“tingling”  (collapsing these two  descriptors
together). However, the MTS group showed a
significantly greater tendency to report “painful
touch” (Mann Whitney, p = .014) and a numerical
trend toward reporting more non-painful touch. The
pain stimuli tended to depict bodies from an
egocentric rather than allocentric perspective and,
hence, could not be classed as mirrored or
anatomical. They could, however, be classified
according to whether the experience was localized
or not. The MTS group reported significantly more
localized experiences (Mann Whitney, p = .025),
whereas the controls showed a non-significant trend
to report non-localized experiences.

These observations, although based on self-report,
suggest that people with MTS are not simply
exaggerated versions of normality. Although they do
produce more subjective reports of bodily sensations
when viewing pain and itch, it is not simply “more of
the same”: They have a greater tendency to localize
(particularly within a mirrored frame of reference) and
are more inclined to report touch-based sensory
experiences when watching pain and itch (but show
similar levels of contagious itch and similar levels of
non-localized pain). We conclude from these initial
observations that the mechanisms that support
phenomena such as contagious itching, wincing/
nausea when seeing someone in pain, and (most
probably) contagious yawning are not the same
mechanisms that drive mirror-touch synesthesia. We
suggest that MTS involves shared self-other body
representations (in which different parts of the body
are delineated), whereas the other phenomena involve
shared motor programs (for yawning), or shared
affect/feeling (for itch and affective aspects of pain)
that is either independent of the body or taps a more
general body map. Mirror touch/pain in amputees also
shows the key characteristic of being localized and
sensory-like (rather than affective) even though the
location itself is fixed to the phantom/stump rather
than reflecting what is seen.

De Vignemont and Jacob (2012, p. 304) also make
a distinction between different kinds of information
that support vicarious perception: “vicarious sensory
pain is self-centered and constitutes what we call an
experience of contagious pain, whereas vicarious
affective pain is other-directed and constitutes what
we call an experience of empathetic pain.” In terms of
underlying representations, they assume that vicarious
sensory pain is supported by representations that are
capable of distinguishing between and localizing on

different parts of the body, whereas vicarious affective
pain may be supported by a non-localized or global
representation of the body. To extend this to our
account, we would say that MTS have differences
specifically in the sensory component.

CONCLUSIONS

MTS is linked to differences in the functioning of a
mirror system for touch and pain. However, we
suggest that this is driven by neurocognitive
differences that lie outside of the somatosensory
system that are involved in bodily awareness
(ownership and, possibly, agency) and/or in the
control of self-other representations (e.g., bodily
perspective-taking). Phenomenologically it resembles
other forms of synesthesia, but also a range of other
experiences not normally linked to synesthesia
(contagious itch and yawn, certain types of empathy
for pain). We suggest that MTS can be distinguished
from the latter by its localized, sensory-based
characteristics.
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Abstract: Mirror-sensations, including touch and pain, are
often referred to as synesthetic. The term can be challenged,
however, because mirror-sensations lack the incongruency
and saliency of synesthesia, may involve problems of
perspective rather than entangled sensations, and may be
easier to generate with suggestion. If mirror-sensations are
truly sensations then they might be expected to act like the
true sensation and mirror-pain, for example, might inhibit
pain at a distance or itch in the same location. These
predictions are highly testable.

Ward and Banissy have written a provocative
review of mirror-touch synesthesia (MTS) that
asks important and pertinent questions about
MTS, including whether the term synesthesia is
appropriate. One reason for thinking the term is
not appropriate is that synesthesia involves a
sensory experience clearly removed from what
might be expected given the sensory input
(Rothen & Meier, 2013). Synesthesia, for
example, involves tasting words or hearing
colors. MTS, in contrast, involves feeling an
observed touch, which is perhaps more explicable
than tasting or hearing an observed touch. Feeling
an observed touch might involve a direct mirroring
of the observed somatosensory event, whereas
tasting a word is unlikely to involve mirroring.
Thus, MTS might be a threshold phenomenon,
where sensory neural mirroring from observation
sometimes tips over into sensory experience.

Correspondence should be addressed to: Stuart W. G.
Derbyshire, Department of Psychology and A*STAR-NUS
Clinical Imaging Research Centre, National University of
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A second possible reason to reject the term
“synesthesia” is that it can introduce too much
precision and saliency to the MTS experience.
People with synesthesia report incongruent and
striking sensory experiences. The taste of words is
clear and salient. The participants we have studied,
who report what Ward and Banissy call mirror-pain,
certainly report something that is akin to pain
experience when observing others in pain or
observing others being injured (Derbyshire,
Osborn, & Brown, 2013; Osborn & Derbyshire,
2010), but the clarity and salience of a typical
pain is missing. None of our participants, for
example, have ever screamed or fallen to the floor
holding a limb. They report something somatic, and
neuroimaging data demonstrates something beyond
just an emotional reaction, but the missing elements
make it more ‘pain-lite’ than the real thing.

A third possible reason to reject the term
“synesthesia” is that the mechanism of MTS and
mirror-pain involve areas of the brain associated
with social cognition. Crudely put, synesthesia
involves a direct neural entanglement of primary
sensory regions whereas MTS and mirror-pain may
involve an entanglement of first-person perspectives.
Those reporting mirror-pain might readily place
themselves into the position of others such that their
own feelings become entangled with the feelings of a
person they observe. For most of wus, that
entanglement is sufficient that we report sharing
some misery when the person observed is injured
but not so sufficient that we report sharing pain
(Singer et al., 2004). For those who report mirror-
pain, in contrast, their entanglement is more complete
and they feel something that approaches pain
(Derbyshire et al., 2013). Ward and Banissy suggest
that for those experiencing MTS, their entanglement
might be such that the person shares a tactile
sensation.

There is some work to be done to decide if a
threshold or entanglement understanding is more
likely, and to decide to what extent MTS and
mirror-pain might be similar. Ward and Banissy
note that mirror-pain, mirror-itch, and mirror-
yawns are much more common than MTS.
Consequently, the mechanisms might be wholly
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different. Images of bugs on the skin induces itch,
better than watching someone scratch (Lloyd, Hall,
Hall, & McGlone, 2013), seeing others yawn
induces yawns (Platek, Critton, Myers, & Gallup,
2003), and verbal suggestion that a lamp or probe
is becoming hot induces sensations of heat and
pain (Derbyshire, Whalley, Stenger, & Oakley,
2004; Whalley & Oakley, 2003). These findings
imply a role of suggestion or anxiety that may not
play a role in MTS and may take mirror-pain,
mirror-itch, and mirror-yawns further from
synesthesia.

Finally, if mirror-pain, mirror-itch, and MTS are
explicitly tactile sensations, similar to the synesthete
tasting words, then some readily testable hypotheses
can be generated. Mirror-pain, for example, might
inhibit pain at a distance (Le Bars, Dickenson, &
Besson, 1979) and might inhibit itch in the same
location (Shim & Oh, 2008). MTS might also
inhibit pain in the same location due to the soothing
effect of rubbing. That is, if mirror-pain, mirror-itch,
and MTS really are pain, itch, and touch, then they
should do the things that real pain, itch, and touch do.
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Abstract: Ward and Bannisy’s proposed conceptual
framework—Threshold Theory and Self-Other Theory—
for mirror touch synesthesia are welcomed as an
explanation of mechanisms giving rise to innocuous
vicarious phenomena. Herein we propose that these
vicarious, or synesthetic, experiences should be considered
along a spectrum of experiences, from innocuous through to
noxious or threatening sensations. In particular, we would
like to see these theories considered within a broader
framework to explain the multitude of vicarious
experiences that seem to  share  fundamental
neurophysiological and trait characteristics.
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The experience of vicarious sensations and emotions
has captured our curiosity for centuries, particularly in
the context of pain (Bourke, 2014); however, we have
only recently made significant advances in
understanding common patterns in neurophysiological
and social mechanisms driving these responses. In their
Discussion Paper in this issue, Ward and Banissy
propose the Threshold Theory and Self-Other theory
to explain mirror touch synesthesia (MTS). We
support these theories, and welcome them as an
explanation of some of the mechanisms that elicit
vicarious reactivity. However, we would like to see
these models take shape under a broader theoretical
framework of mechanisms driving the multitude of
vicarious sensory experiences (see Figure 1), from
innocuous and pleasant sensations to noxious and
threatening sensations, and the context in which they
arise. This 1is particularly warranted given the
considerable high co-occurrence of different types of
vicarious states (e.g., taste, touch, pain), and the
similarities in neural circuitry across vicarious
phenomena.

Multiple mechanisms in eliciting vicarious sensory
and emotional states have been implicated, especially
in vicarious pain, depending on the trait characteristics
of the vicarious responder. In some of our latest
work, for instance, approximately a quarter of
vicarious pain responders have been found to be
“anxious responders,” having high trait anxiety,
anxiety sensitivity, and personal distress toward
others misfortune (Nazarewicz, Verdejo-Garcia, &

Giummarra, in press). These persons show
heightened anxious reactivity in laboratory experi-
ments, with evidence of poor autonomic regulation
under stress, particularly in the parasympathetic
nervous system, which is responsible for inhibiting
arousal (Nazarewicz, Verdejo-Garcia, & Giummarra,
in press). In addition to anxiety, but not necessarily
separate, we have also shown symptoms of post-
traumatic stress disorder may be related to vicarious
reactivity in groups such as amputees (Giummarra,
Fitzgibbon, et al., in press). In a general community
cohort, however, prior salient experiences of the
observed pain seem to play a role (Derbyshire,
Osborn, & Brown, 2013). These findings could
reflect both bottom-up (e.g., central sensitization) and
top-down (e.g., attentional vigilance, memory)
mechanisms, which are implicated in cross-modal
synesthesia (Chong & Mattingley, 2009). Moreover,
crossing the threshold may elicit subjective vicarious
states by reactivating higher-order bioregulatory and
cognitive states linked to the observed situation as
per the “as if” mechanisms described in the somatic
marker model (Damasio, 1994).

Mechanisms driving non-anxious vicarious states,
however, are not so clear. We suggest that they may
reflect heightened sensorimotor resonance (as per the
Threshold Theory), shared representations (Preston &
de Waal, 2002), and/or diminished inhibition of the
experiences of others (as per Self-Other Theory). The
end result, regardless of underlying mechanism, must
nonetheless arise through reactivation of prior

Vicarious affective states
(gasp, grimace, visceral feelings)

Vicarious sensory states
(mirror touch, taste, pain)

Vicarious motor states
(yawn, scratch/itch,
withdraw, laugh)

Feeling state

!

Reactivation of bioregulatory
states via “as if” loop

(—

| Affective Empathy | Self-Other | Somatic marker mechanisms |

Threshold theory

—

D—

Empathic | Immersion/ | Disinhibition of Prior experiences (knowledge & Physiological reactivity
concern | absorption | other & malleable | sensitization), culture, affiliation
o Fantasy self-other e Pain/injury e Anxiety
representations e Trauma e Personal distress
e In-group/out-group e PNS dysregulation
e PTSD symptoms
Socio-cognitive mechanisms and empathy Physiological and learned drivers of threshold mechanisms

Figure 1. Schematic of the hypothesized and supported mechanisms driving different vicarious responses (affective, sensory, motor), as an
extension of Ward & Banissy’s (2015) model. Note: PNS = parasympathetic nervous system.
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or innately represented states to qualify as a
“vicarious” state.

Future research should continue to examine not
only the existence of “threshold” mechanisms, but
what it is that drives these mechanisms across
vicarious states—i.e., sensory, motor, and affective
—vparticularly focusing on whether these states are a
reflection of intrinsic cognitive (e.g., attention,
memory), affective and trait characteristics, or
whether they’re fundamentally driven by socio-
cognitive processes of empathy and self-other
perception. Or more likely, a little bit of both.
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Abstract: Ward and Banissy offer a critical discussion of
Mirror-Touch Synesthesia (MTS), with reference to
Threshold and Self-Other theories. The authors argue that
developmental MTS is linked to differences in the
functioning of a mirror system for touch (and pain), which
are driven by neurocognitive alterations that lie outside of
the somatosensory system and concern bodily awareness
and/or the control of self-other representations. This
commentary briefly presents some neuropsychological
evidence in line with Ward and Banissy’s argument,
questioning the potential similarities between MTS and
some post-stroke disorders of body representation.

The insightful Discussion Paper of Ward and
Banissy considers strengths and limitations of two
prominent accounts of developmental! MTS,
Threshold Theory and Self-Other Theory. The
authors advise that these two theories are not
mutually exclusive: Disturbances in the ability to
distinguish the self from others or in the control of
body-based self-other representations put forward by
the Self-Other Theory, may act as a gating process
for the hyper-activity of the mirroring process for
touch, the main cause of MTS for the Threshold
Theory. This proposal is reminiscent of the
Predictive Coding framework, which emphasizes
the interaction between self-specific and shared
body systems in MTS and emphasizing their
influences on the somatosensory state in MTS
(Ishida, Suzuki, & Grandi, 2015). So far, the causal
association  between  dysfunctional self-other
processing and over-activation of the mirror system
for touch (or increased top-down influences from a
shared body system) in MTS still needs empirical
support.

The line of reasoning of Ward and Banissy brought
to mind a set of thoughts about the
neuropsychological literature. Halligan and co-
workers (1997) described two stroke patients with
somatosensory loss who could reliably report

'Acquired MST following limb amputation likely involves
different exarcebating mechanisms, with a main role of
disturbances in bodily feedback due to plastic cortical
reorganization and/or central sensitization of the pain system (see
Banissy and Ward in this issue).
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feelings of touch when viewing their affected limb
being touched. Nevertheless, lesions affecting the
post-central gyrus may impair both sense of touch
and mirroring touch (Bolognini et al., 2011). This
evidence suggests that the mirroring mechanism for
touch, if spared by brain injury, can boost sub-
threshold  tactile  stimulation into  conscious
awareness (Bolognini, Convento, Rossetti, &
Mearbet, 2013). Yet, these crossmodal effects cannot
be quoted as pure MTS, because those patients were
not consciously aware that they experienced feeling
with seeing. Consequently, some other mechanism
beyond tactile mirroring should be recruited for
inducing MTS, as Self-Other Theory would predict.
Clues in this regard come from somatoparaphrenia.

Somatoparaphrenia is a body delusion usually
brought about by right-hemisphere lesions, which
manifests as a defective sense of ownership of
contralesional ~ (left) body parts.  Although
somatopaphrenia is frequently accompanied by
tactile impairments in the disowned body part,
seeing touch may affect both the body delusion and
somatosensation. Indeed, in some cases, the
disownership belief emerges only when the body
part is visible to the patient or it is explored by
touch (Vallar & Ronchi, 2009). In a case of
somatoparaphrenia, tactile imperception in the left
(disowned) hand improved when the patient was
instructed to report touches delivered to her niece’s
hand, rather than to her own hand (Bottini,
Bisiach, Sterzi, & Vallar, 2002). Patients with
somatoparaphrenia also experience a reliable Rubber
Hand illusion (i.e., ownership of the rubber hand,
projection of touch from the rubber hand onto
oneself), and synchronous touches applied to their
visible (disowned) left hand and to their right
invisible hand can induce an immediate self-
attribution of the left hand, notwithstanding the
presence of left-sided hemianesthesia (Bolognini,
Ronchi, Casati, Fortis, & Vallar, 2014). Garbarini
and collegueas (2014) described another intriguing
neuropsychological condition in which right-brain-
damaged patients misattribute another person’s arm
to themselves. The body part of another person can be
so deeply embedded in the patient’s own
somatosensory representation to cause a feeling of
pain when painful stimuli are applied to the other’s
(embodied) hand, an effect functionally akin to mirror
pain synesthesia.

As for MTS induced by observing touch to objects,
ownership of objects may also occur in
somatoparaphenia (Aglioti, Smania, Manfredi, &
Berlucchi, 1996). The closer association between
somatoparaphrenia and extrapersonal neglect is further

suggestive of a blurred distinction between corporeal
and extra-corporeal objects, supporting the notion of an
extended body schema, which may include (at least
some) objects (Vallar & Ronchi, 2009).

These examples point to a tight link between
feeling of body ownership and sense of own and
other’s touch in somatoparaphenia, as also supposed
for MTS. The dominant role of the right hemisphere
(particularly, the right temporo-parietal junction) is
noteworthy in both somatoparaphrenia and MTS
(Holle, Banissy, & Ward, 2013; Vallar & Ronchi,
2009). In contrast, there is no definitive evidence for
hemispheric asymmetries in mirroring touch
(Bolognini, Miniussi, Gallo, & Vallar, 2013; Holle
et al., 2013).

We can speculate that some post-stroke disorders of
body representation, in particular somatoparaphenia,
and MTS share similar proximal causes. In both
cases, signals from higher-order representations
(right-hemisphere based) concerned with bodily
ownership and self-other discrimination might project
down to somatosensory areas, thus creating a common
network that is responsible for tactile awareness
(Gallace & Spence, 2008), body ownership, and the
ability to discriminate self-specific touch from others’
touch (Ishida et al., 2015). The integration of Self-
Other and Threshold theories into a unitary framework
fits both development MTS and possible MTS-like
phenomena acquirable following stroke.
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Abstract: Mirror Touch Synesthetes (MTSs) feel touch
while they observe others being touched. According to the
authors, two complementary theoretical frameworks, the
Threshold Theory and the Self-Other Theory, explain
Mirror Touch Synesthesia (MTS). Based on the behavioral
evidence that in MTSs the mere observation of touch is
sufficient to elicit self-other merging (i.e., self-
representation changes), a condition that in non-MTSs just
elicits self-other sharing (i.e., mirroring activity without
self-other blurring), and on the rTPJ anatomical alterations
in MTS, we argue that MTS may derive from an abnormally
plastic  self-representation and atypical multisensory
integrative mechanisms.

COMMENTARY

Ward and Banissy (2015) provided a comprehensive
review of recent literature concerning Mirror Touch
Synesthesia (MTS), i.e., the feeling of touch on one’s
own body while observing others being touched
(Banissy & Ward, 2007).

The authors explain MTS according to two
complementary theoretical frameworks: (1) Threshold
Theory, which posits that a specific hyperactivation of
the mirror system for touch leads MT synesthetes
(MTSs) to the conscious feeling of being touched; (2)
Self-Other Theory, which posits that MTS relies on
alterations in the ability to distinguish the self from
others. More specifically, Ward and Banissy suggest
that self-other distinction might act as a gating
mechanism for neural activity within the mirror
system for touch, and an atypical self-other
representation in synesthetes may amplify their
vicarious responses to observed touch.

Interestingly, the authors’ interpretation may
explain the range of atypical behavioral (extending
to domains other than touch perception, such as
empathic and emotion recognition abilities) and
neural phenomena occurring in MTS. However, based
on the evidence that MTSs experience self-other
merging in conditions where non-MTSs experience
just self-other sharing, we argue that abnormally
plastic self-representation may underlie MTS.

As a matter of fact, mere observation of touch
elicits in non-MTSs self-other sharing, i.e., resonant
activity in neural structures (e.g., somatosensory and
insular cortices) involved in the first person
experience of sensory and affective qualities of
touch (Bufalari & Ionta, 2013; Keysers et al., 2010),
which might sub-serve the understanding of others’
sensory and emotional states (Preston & De Waal,
2002). Also, observation of a facial tactile stimulus
spatio-temporally congruent with the felt touch
(Interpersonal ~ Multisensory ~ Stimulation; IMS)
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induces in non-synesthetes self-other merging, i.e.,
alters the ability to discriminate self from other face
(Sforza, Bufalari, Haggard, & Aglioti, 2010; Tsakiris,
2008). Multisensory temporal congruency makes it
possible to build and maintain a coherent
representation of one’s own body (a person’s mirror
reflection, for example, moves/is touched at the exact
time when he/she moves/feels touch; Rochat, 2003).
During synchronous IMS the felt touch is surprisingly
mirrored in compatible visual events on another’s face
presented in front. Since participants cannot move
and thus prove themselves the observed face is not
their own, the brain attempts to minimize surprise by
including facial features of others into the self-face
representation (Apps & Tsakiris, 2014; Tajadura-
Jiménez, Grehl, & Tsakiris, 2012).

We suggest a basic distinction between self-other
sharing and self-other merging mechanisms. More
specifically, while the former may allow one to
understand the “other” without the risk of self-other
misattribution, the latter blurs the distinction between
self and others and changes the representation of the
self.

This fundamental difference may possibly explain
why affective and sensorimotor sharing mechanisms
are modulated by both positive and negative
interpersonal perception of the observed other (for a
review, see Bufalari & Ionta, 2013; Van Baaren,
Janssen, Chartrand, & Dijksterhuis, 2009), whereas
self-other merging heavily depends on positive (but
not on negative) interpersonal perception of the
synchronously stimulated other (Bufalari,
Lenggenhager, Porciello, Serra-Holmes, & Aglioti,
2014; Sforza et al., 2010). We posit that the absence
of the self-other merging with undesirable others may
index a strategy for defending the self from the risk of
losing individuality derived from merging processes.

Interestingly, in MTS mere observation of touch is
sufficient to elicit self-representation changes similar
to those induced in non-synesthetes by synchronous
IMS (Maister, Banissy, & Tsakiris, 2013). At a neural
level, in non-MTSs the right Temporo Parietal Junction
(rTPJ) responds as a “function of the extent to which,
self or other, perspectives are being processed” during
facial IMS (Apps, Tajadura-Jiménez, Sereno, Blanke,
& Tsakiris, 2015), possibly by detecting the conflict
between tactile afferents and visual signals that,
although temporally and spatially congruent with
self-percept, instead originate from another person’s
face (Bufalari, Porciello, Sperduti, & Minio-Paluello,
2014). Intriguingly, rTPJ show less gray volume in
MTS population relative to non-synesthetes (Holle,
Banissy, & Ward, 2013), a difference that may cause

defective self-other control mechanisms (i.e., inability
to determine “who” is the subject of touch), and
consequent atypical somatosensory activations to
touch observation. Thus, developmental MTSs may
experience much more frequently than non-MTSs
self-other merging and consequent changes in self-
representation in conditions that in non-MTSs simply
elicit self-other sharing.

All in all, we suggest that atypical touch
perception in MTS may derive from an abnormally
plastic self-representation (as revealed by self-other
merging phenomena). Such suggestion brings us to
several testable hypotheses. For example, if MTSs
show aberrant multisensory integrative mechanisms
relevant for building self-representations, self-other
merging in MTSs may not only be elicited by
observing touch but also by different types of
interpersonal visuo-sensorimotor congruency
(without touch being involved). Moreover, it would
be interesting to test the “abnormal” malleability of
self-representation in MTS people by investigating
whether they show the same self-defensive strategies
that controls use to prevent self-other merging with
undesirable others.
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Abstract: Ward and Banissy’s illuminating discussion of
mirror-touch synesthesia (MTS) encourages research
testing two alternatives to Threshold Theory: Their own
Self-Other Theory, and “Task Control Theory”. MTS may
be due to abnormal mirror activity plus a domain-general,
rather than a specifically social, impairment in the ability
to privilege processing of task-relevant over task-irrelevant
information.
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Ward and Banissy (this issue) argue convincingly that
mirror-touch synesthesia (MTS) is not due solely to
atypically strong activation of the somatosensory
system by visual observation of touching—to
“abnormal mirror activity”—and thereby make a
compelling case for expansion of Threshold Theory.
However, we propose that future research should
encompass two alternatives: Self-Other Theory, the
hypothesis that MTS is due to abnormal mirror
activity plus an impairment in self-other processing;
and what we will call Task Control Theory, the
hypothesis that MTS is due to abnormal mirror
activity plus a domain-general, rather than a
specifically social, impairment in the ability to
privilege processing of task-relevant over task-
irrelevant information.

Task Control Theory is compatible with the two
sets of findings that Ward and Banissy identify as
troublesome for Threshold Theory: (1) MTS does
not only affect touch and pain perception. Because
it suggests that people with MTS have an impairment
in a domain-general process, Task Control Theory
predicts that they will have abnormal experiences,
and show atypical patterns of behavior, well outside
the domains of touch and pain. (2) Structural
differences beyond the somatosensory system. Some
areas of rTPJ/mPFC contribute more than others to
self-other control. These areas may implement
distinctive computations on social stimuli (strong
specialization), or receive more input from social
stimuli, but process these in the same way as other
areas of rTPJ/mPFC (weak specialization; Sowden &
Catmur, 2015). In either case, and in contrast with
Self-Other Theory, Task Control Theory predicts that
the gray matter density reduction observed in MTS
will not be confined to socially specialized areas of
rTPJ/mPFC, but rather will involve areas related to
task-relevance (Cook, 2014).

Task Control Theory can also accommodate the
evidence that Ward and Banissy cite as favoring
Self-Other Theory over Threshold Theory: (1)
Self-awareness in MTS. Individuals with MTS
show the enfacement illusion and the rubber hand
illusion without receiving, as part of the
experimental procedure, the kind of experience
that is normally necessary to induce these
illusions, i.e., correlated experience of seeing
touch and being touched themselves. These can be
described as illusions of “self-perception”—the
participant has abnormal experiences relating to
their own body—but it does not follow from this
description that dedicated self-other processing is
involved in generating the enfacement and rubber
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hand illusions, in people with MTS or in controls.
In both populations these illusions could be due to
abnormal mirror activity induced by associative
learning prior to (MTS) or in (controls) the
experimental context (Cook, Bird, Catmur, Press,
& Heyes, 2014; Press, Heyes, Haggard, & Eimer,
2008). In that case, the illusion data are compatible
with all three theories of MTS because all three
postulate abnormal mirror activity. (2) Self-other
control mechanisms in MTS. In the dot perspective
task, people who report mirror-pain show a larger
interference effect—e.g., slower responding when a
central stimulus points to a smaller number of dots
than the number the participant can see—than
people who do not report mirror-pain (Derbyshire,
Osborn, & Brown, 2013). Self-Other Theory
assumes that this interference is due to self-other
processing, and therefore that its magnification in
mirror-pain is due to an abnormality in self-other
processing. In contrast, supported by evidence that
controls show this interference effect when the
central stimulus is inanimate, as well as when it is
a human figure (Santiesteban et al., 2014), Task
Control Theory suggests that the effect is larger in
people with mirror-pain because they have an
impairment in domain-general mechanisms of task
control.

In sum, we agree with Ward and Banissy that
Threshold Theory requires extension, but propose
that a domain-general extension would be consistent
with existing data. Thus, future research on MTS
should test both Self-Other Theory and Task Control
Theory against Threshold Theory.
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Abstract: Ward and Banissy provide an excellent overview
of the state of mirror-touch research in order to advance this
field. They present a comparison of two prominent
theoretical approaches for understanding mirror-touch
phenomena. According to the threshold theory, the
phenomena arise as a result of a hyperactive mirror neuron
system. According to the Self-Other Theory, they are due to
disturbances in the ability to distinguish the self from
others. Here, we explore how these two theories can
inform theories of synesthesia more generally. We
conclude that both theories are not suited as general
models of synesthesia.

The threshold theory of mirror-touch is based on the
idea that the level of activity in the somatosensory
mirror system crosses a threshold of awareness for
some persons but not others. As typical forms of
synesthesia are related to connections between
distinct brain systems rather than relying on a single
underlying subsystem (as the mirror system), an
immediate generalization is not warranted. However,
threshold theories have been proposed to account for
crossmodal associations that can be found both in
synesthetes and non-synesthetes (i.e., higher sounds
pair with lighter colors) with the conscious awareness
as the threshold. Moreover, within grapheme-color
synesthesia a continuum exists between projectors
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Figure 1. Bimodal distribution resulting from consistency scores of synesthetes and non-synesthetes (adopted from Rothen et al., 2013).

who experience colors in the outer space and
associators who experience colors in the mind’s eye.
An implicit assumption of any threshold model is that
the characteristic underlies a unimodal distribution
(e.g., a standard normal distribution). Independent of
awareness, the criterion for the diagnosis of
synesthesia can be empirically defined by
maximizing specificity and sensitivity in a common
test of consistency, which is the gold-standard for
verifying synesthesia. Notably, as illustrated in
Figure 1 the resulting distribution is bimodal, thus
conflicting with the explanatory power of a
threshold model as a general theory of synesthesia
(Rothen, Seth, Witzel, & Ward, 2013).

The Self-Other Theory is based on the assumption
that aberrant self-other representations produce
mirror-touch. Specifically, difficulties in
distinguishing the self from another person as the
source of agency form the basis of the experiences.
In terms of synesthesia, the latter would refer to
difficulties in distinguishing between the physical
and synesthetic experience (i.e., of touch).
However, one of the hallmarks of synesthesia is
that despite the vivid experience of synesthetic
concurrents, there is no confusion between physical
and synesthetic experience (cf., Meier, Rey-Mermet,
& Rothen, in press). Indeed, the fact that synesthetes
do not get confused by their additional sensations
has been denoted as the “most intriguing question in
synesthesia research” (Rouw & Ridderinkhof, 2014;
cf. Seth, 2014). Thus, the Self-Other Theory is not
suited as a general theory of synesthesia.

In a previous paper, we have argued that mirror-
touch phenomena differ from synesthesia in several

important points (e.g., neural basis, bandwidth,
consistency, idiosyncrasy; Rothen & Meier, 2013).
Here, we do not want to re-iterate these points.
Rather, we would like to emphasize that typically
synesthesia is a unidirectional phenomenon in which
the inducer elicits a conscious experience, but not the
concurrent. For instance, graphemes trigger color
experiences in grapheme-color synesthesia but colors
do not trigger grapheme experiences. Only very rarely
the concurrent can also elicit a conscious experience
of the inducer (Cohen Kadosh, Cohen Kadosh, &
Henik, 2007), although the concurrent typically
triggers the representation of the inducer on an
implicit level (Brang, Edwards, Ramachandran, &
Coulson, 2008; Meier & Rothen, 2007; Rothen,
Nyffeler, Von Wartburg, Miiri, & Meier, 2010). In
contrast, for mirror-touch phenomena explicit
bidirectionality is the common case. Specifically,
observed touch (i.e., the inducer) triggers a touch
experience (i.e., the concurrent) and, as a matter of
principle, being touched physically (i.e., the
concurrent) can always be observed (i.e., the inducer).

To conclude, the discussion of mirror-touch in
relation to synesthesia is thought-provoking as it
sharpens the definitional criteria. The co-occurrence
of mirror-touch experiences with other forms of
synesthesia is striking and may indicate that mirror-
touch synesthesia is a special case of synesthesia
(Banissy, Cohen Kadosh, Maus, Walsh, & Ward,
2009; Chun & Hupé, 2013). However, we suggest
that it co-occurs with other forms of synesthesia as a
by-product, similar to enhanced memory abilities, a
distinct cognitive style, or a certain personality profile
(Banissy et al., 2012, 2013; Meier, 2013; Meier &
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Rothen, 2013; Rothen, Meier, & Ward, 2012). This
conclusion is in line with the fact that mirror-touch
theories are restricted to these specific phenomena
and are not suited as general models for synesthesia.
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Abstract: An integrative account of MTS could be cast in
terms of hierarchical Bayesian inference. It may help to
highlight a central role of sensory (tactile) precision could
play in MTS. We suggest that anosognosic patients, with
anesthetic hemisoma, can also be interpreted as a form of
acquired MTS, providing additional data for the model.

Ward and Banissy offer a comprehensive treatment of
MTS, exploring two hypotheses for this interesting
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phenomenon. We agree that “an integrative account
combining both Self-Other Theory and Threshold
Theory will be the most parsimonious means to
explain MTS in developmental and acquired cases”
and suggest that an integrative account can be cast in
terms of hierarchical Bayesian inference. We propose
that sensory (tactile) precision could play a core role
in MTS. We further suggest that anosognosic patients,
with anesthetic hemisoma, can also be interpreted as a
form of acquired MTS.

Bayesian modeling (Friston et al., 2015) could
provide an interesting integrative formulation that
connects distal and proximal causes of MTS.
According to the Bayesian brain hypothesis,
impaired sensation leads to abnormal sensory
integration and perceptual inference. When
integrating incongruent sensory signals from two
modalities with precise (reliable) and imprecise
information, Bayesian integration (with a correct
sensory model) will favor the high precision
modality. This can easily explain acquired MTS in
amputees, and would point to a tactile (sensory
precision) abnormality in developmental MTS.
According to this hypothesis, developmental MTS
will have impaired tactile processing (in some way
similar to amputees) or an impaired generative model
of tactile sensations. The latter should result in
efficient perception in the absence of integration;
otherwise, both cases will result in a false perception.

In hierarchical Bayesian inference, this false
perception hypothesis rests on an aberrant bottom-up
contribution to perception. Abnormalities in self-other
representations and control reflect impaired top-down
predictions. These two (ascending and descending)
pathways are likely to be affected by different
factors, such as habituation to tactile stimulation or
the similarity between the observer and subject.
Perspective and posture of the observer or
occlusions and the temporal dynamics of the
observed action (Ognibene & Demiris, 2013) can
also profoundly affect the precision of visual input.

Brain damaged patients with hemianesthesia can
report tactile sensations following observed touch
(Halligan et al., 1996). Moreover, patients affected
by hemianesthesia and anosognosia, (even if unable
to detect tactile stimuli in the affected side with closed
eyes) perceive touch when they can see the touched
body part. Behavioral and neurophysiology data show
that this can be considered as a real perception—and
not a mere verbal confabulation (Pia et al., 2013;
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Romano et al., 2014). This phenomenon can be
modeled under the Bayesian model above (in line
with the ideas of Pia et al., 2015), even if it results
from a different kind of failure and related brain
adaptation. Related MTS data are also relevant to
understand why a different frame (anatomical vs.
Mirror) can be selected in developmental MTS
subjects and why required MTS exhibits a reduced
spatial selectivity. In this regard, one hypothesis is
that impairments in the top-down or bottom-up
pathway differentially affect the selection of the
frame of reference, while an acquired MTS, such as
amputation, results in a loss of precise (ascending)
sensory information. In the same way, the findings of
Bolognini, Miniussi, Gallo, and Vallar (2013) fit well
with this hypothesis, as cortical excitation by tDCS
can mimic the condition.
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Abstract: We thoroughly enjoyed Ward and Banissy’s
Discussion Paper on mirror-touch synesthesia. The authors
contrast two theories for explaining this phenomenon—the
Threshold Theory and their Self-Other Theory. Ward and
Banissy note that the Self-Other Theory garners support
from studies that have tested individuals with mirror-touch
synesthesia using the rubber hand paradigm. In this
Commentary, we provide further support for the Self-
Other Theory by drawing on findings from control
participants without mirror-touch synesthesia tested with
two different no-touch rubber hand paradigms—one
paradigm makes it easier while the other makes it more
difficult to make the self-other distinction.

When an individual with mirror-touch synesthesia (MTS)
observes touch administered to another person’s body,
she experiences synesthetic sensation on her own body.
Ward and Banissy’s Self-Other Theory provides a
convincing explanation for this phenomenon. Their
claim is that “one of the mechanisms that might be
atypical in MTS is the ability to determine ‘who’ is the
subject of touch.” Furthermore, they report that their
theory is supported by results from studies (see Aimola
Davies & White, 2013; White & Aimola Davies, 2012)
that have used the no-touch rubber hand paradigm (RHP)
to assess MTS. We provide further support for Ward and
Banissy’s Self-Other Theory by comparing findings from
control participants tested with two different no-touch
RHPs—our own no-touch RHP and that of Giummarra,
Georgiou-Karistianis, Nicholls, Gibson, and Bradshaw
(2010).

The no-touch RHP is a variation of the traditional
RHP. In the traditional RHP (Botvinick & Cohen,
1998), the participant views a prosthetic hand being
touched by the Examiner while the participant’s own

hand (hidden from view) receives synchronous touch
from the Examiner. Because of the tight
correspondence between what the participant sees
and what the participant feels, most participants
experience a compelling rubber hand illusion. It may
seem to the participant that the prosthetic hand is her
own hand (illusion of ownership) and that she is
feeling touch at the location of the viewed prosthetic
hand (visual capture of touch).

In the no-touch RHP, there is no touch administered
to the participant’s hand. Aimola Davies and White
(2013) used their no-touch RHP to test participants
with MTS and control participants without MTS. The
participant viewed a prosthetic left hand being touched
by the Examiner but no touch was administered to the
participant’s own left hand, which was positioned
15 cm to the left of the prosthetic hand and hidden
from view by a wooden vertical divider. One would
predict that a participant without MTS would not
experience the rubber hand illusion if her hidden
hand and the prosthetic hand were not touched
synchronously by the Examiner. In contrast, an
individual with MTS would not need to be touched
by the Examiner to experience the illusion because she
should experience synesthetic sensation on her own
hand when she sees the Examiner touch the
prosthetic hand. This is precisely what Aimola
Davies and White (2013) demonstrated with their
no-touch RHP. When only the prosthetic hand was
touched by the Examiner, control participants without
MTS did not report any feeling of sensation on their
own hidden hand, and they did not experience the
rubber hand illusion; that is, control participants did
not report ownership of the viewed prosthetic hand or
the subjective impression of feeling touch at the
location of the viewed prosthetic hand. In striking
contrast, participants with MTS did report feeling
sensation on their own hidden hand and they did
experience the rubber hand illusion.

Giummarra et al.’s (2010) no-touch RHP was
adapted from the elegant mirror-box apparatus
devised by Ramachandran, Rogers-Ramachandran,
and Cobb (1995). The researchers used their
no-touch RHP to test participants with an
amputated upper limb and control participants
(who either had an amputated lower limb or no
amputation). The study made use of a right
prosthetic hand and a left prosthetic hand. For the
sake of simplicity, we describe the experimental
setup as it applies to the right prosthetic hand, and
we focus on how the paradigm was used with
control participants. A prosthetic right hand was
positioned on the reflective right side of a mirror,
and the participant’s left hand was hidden on the
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other non-reflective side of the mirror. The
participant was instructed to look into the mirror
rather than directly at the prosthetic hand. The
reflection of the right prosthetic hand in the mirror
was that of a left hand and it would have seemed to
the participant that it was occupying the position of
the participant’s own hidden left hand. Although
only the prosthetic hand was touched by the
Examiner, and no touch was administered to the
participant’s own left hand, the reported
experience of Giummarra et al.’s control
participants’ matched that of Aimola Davies and
White’s (2013) participants with MTS. Thus, with
a simple manipulation to the experimental setup (a
mirror instead of a wooden vertical divider between
the prosthetic hand and the real hand), Giummarra
et al’s control participants reported feeling
sensation on their own hidden hand and they
experienced the rubber hand illusion—ownership
of the viewed mirror-reflected prosthetic hand and
the subjective impression of feeling touch at the
location of the viewed prosthetic hand.

Taken together, the results from the control
participants in these two studies using the no-touch
RHP fit beautifully with Ward and Banissy’s Self-
Other Theory of MTS. In the study by Aimola
Davies and White (2013), it was easy for
participants to make the self-other distinction, and
control participants tested with this no-touch RHP
did not experience the rubber hand illusion. In
contrast, in the study by Giummarra et al. (2010),
the experimental setup made it difficult for
participants to make the self-other distinction and
control participants tested with this no-touch RHP
did experience the rubber hand illusion. Perhaps this
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is not surprising given that in the Giummarra et al.
study it would have seemed to the participant that she
was looking at her own left hand through a sheet of
glass. What is surprising is that such a simple
manipulation to the no-touch RHP resulted in
control  participants reporting the subjective
impression of being touched on their own left hand.
Ward and Banissy have argued that individuals with
MTS experience synesthetic sensation because they
find it difficult to make the self-other distinction in
everyday life. It is exciting to consider that with some
experimental setups, in which the boundary between
self and other is not clearly demarcated, an individual
may not need to have MTS to experience illusory
sensation.
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