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Reflections on Synesthesia, Perception, and Cognition  
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ABSTRACT. In this paper, we reflect on three long-standing problems: The relationship 
between the physical world and the perceived world, accounting for individual 
differences in the way in which we perceive the world around us, and the problem of 
understanding other minds. We begin by examining the relationship between 
synaesthesia and hallucinations, as well as between hallucinations and normal percep-
tion, attempting to show in both cases that the phenomena in question may share more 
in common than previously assumed. We consider the plausibility of a functional 
analysis of synaesthesia and examine the mechanisms of the different types of ordi-
nary and extraordinary perceptions. We propose that synaesthesia-like mechanisms 
may underlie a range of perceptual phenomena and cognitive functions and demon-
strate the usefulness of such an approach given the ubiquity of synaesthesia-like 
mental processes in human cognition. 

Key words: synesthesia, synaesthesia, hallucinations, visual perception, cognition, 
mental processes, sensory thresholds, neuropsychology, perceptual disorders. 

RESUME. Réflexions sur la synesthésie, la perception et la cognition. Nous nous 
penchons dans cet article sur trois questions toujours actuelles : sur le rapport entre le 
monde physique et le monde perçu, sur la difficulté d’expliquer les différences 
individuelles dans la perception du monde environnant, et sur l’énigme de la compré-
hension de l’esprit d’autrui. En examinant la relation entre la synesthésie et les 
hallucinations, et entre les hallucinations et la perception normale, nous montrons que 
tous ces phénomènes ont bien plus en commun qu’on ne le supputait. Nous nous 
interrogeons ensuite sur la plausibilité d’une analyse fonctionnelle de la synesthésie, 
et examinons les mécanismes de différents types de perception ordinaire et extraordi-
naire. Nous soutenons que des mécanismes de même type que ceux impliqués dans les 
synesthésies pourraient intervenir tout un éventail de phénomènes perceptifs et 
cognitifs, et montrons l’utilité d’une telle approche eu égard à l’ubiquité dans la 
cognition humaine des processus qui formellement rappellent la synesthésie. 

Mots clés : synesthésie, hallucinations, perception visuelle, cognition, processus 
mentaux, seuil sensoriels, neuropsychologie, troubles de la perception. 

INTRODUCTION 
We constantly receive signals from different sensory modalities and must 

combine those in order to understand objects and events around us (Macaluso 
& Driver, 2005). Hence, there is little wonder that substantial cross-modal 
interactions take place in the human brain. What is more surprising is that in a 
minority of individuals such interactions occur when a stimulus is presented in 
only one sensory modality. This is the case in synaesthesia – where perceptual 
experience normally associated with one sensory modality may be elicited by 
stimuli presented in another modality (e.g., Sagiv, 2005; Ward, 2008; Cytowic 
& Eagleman, 2009). For example, colour experience induced by sounds or 
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smells. However synaesthesia can also be induced by ordinal sequences: It is 
fairly common among synaesthetes to associate letters and numbers (presented 
in black and white) with specific colours (e.g., Cohen-Kadosh et al., 2005) that 
are vividly perceived either ‘in the mind’s eye’ or projected externally - usually 
onto the letter surface (Dixon, Smilek, & Merikle, 2004; Ward, Li, Salih, & 
Sagiv, 2007)1. 

Although previously thought to be a rather rare condition, synaesthesia is 
present in at least 4% of the general population (Simner et al., 2006). Unlike 
other types of mental imagery, synaesthetic imagery is induced automatically 
(e.g., Rich et al., 2006). Unlike hallucinations, synaesthetic images are often 
very predictable: Synaesthetic correspondences tend to be consistently evoked 
by certain stimuli across long periods of time in each individual (e.g., Van 
Campen, 2007; Cytowic & Eaglman, 2009). This has made it easier for scien-
tists to study the phenomenon. Furthermore, the permanence and regularity of 
synaesthetic experiences also means that for the synaesthete, these experiences 
are an integral part of everyday experience2. Most of us – both synaesthetes 
and non-synaesthetes – take our perceptual experiences for granted, and rarely 
consider that others’ experiences may be very different. Synaesthesia may 
appear odd to non-synaesthetes, but synaesthetes are just as surprised to hear 
that the rest of us do not experience synaesthesia (e.g., Sagiv, Heer, & 
Robertson, 2006).  

Synaesthesia has often been conceptualised as an abnormality (e.g., 
“breakdown of modularity”; Baron-Cohen, Harrison, Goldstein, & Wyke, 
1993). However, in the past decade, we have discovered that synaesthesia 
shares much in common with ordinary perception; it relies on common 
perceptual mechanisms and may merely represent an augmentation of normal 
propensities for cross-modal interactions (Sagiv & Ward, 2006). But how 
different is synaesthesia from ordinary perception and from other forms of 
extraordinary perception? 

In the present paper, we reflect about the relationship between synaesthesia, 
hallucinations, and ordinary (‘normal’ or veridical) perception. We shall try to 
convince the reader that these may share more in common than previously 
assumed. We will then assess whether synaesthesia could be incorporated into 
a functionalist framework. Special consideration is given to the problem of 
accounting for individual differences. Furthermore, we will show that synaes-
thesia-like mechanisms may underlie a range of perceptual phenomena and 
cognitive functions. 

SYNAESTHESIA AND HALLUCINATIONS 

The perceptual experiences of individuals with synaesthesia do not seem to 
match what most of us will describe under similar circumstances. For example, 
perceiving colours that are not really there, sounds that cannot be heard by 
others, or smells that cannot be explained by the presence of any airborne 
molecules. It is easy to see that such a description does actually satisfy the 

                                                
1 In such a case synaesthesia may involve two different sub-modalities or two different features within 
one modality (e.g., letter shape and colour). 
2 For an extensive discussion of the personal, social, emotional and aesthetic aspects, see Van Campen 
(2007) or Dittmar (2009). 
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basic requirement set in common definitions of hallucinations3. One of the 
criteria in Slade and Bentall’s (1988) suggested definition of hallucinations is 
that the experience “occurs in the absence of an appropriate stimulus”. At first 
glance, this seems like a very straightforward requirement. Take for example 
the case of seeing a cat. Seeing one when no stimulus is presented is of course 
a hallucination. But seeing a cat when looking at a mouse is also a case in 
which the appropriate stimulus (a cat) is absent. Another instance is seeing a 
cat when the only stimulus present is the sound of birds singing (again – the cat 
is absent). Are these all hallucinations? In practice, neuropsychologists do 
distinguish between spontaneous hallucinations and misperception of external 
stimuli; the latter falls under the broad category of ‘metamorphopsia’ (at least 
when referring to visual stimuli, as indicated by the suffix). This includes a 
range of phenomena in which a stimulus may be perceived as distorted in 
various ways or misidentified altogether4. 

Could hallucinations be triggered by a stimulus in a different modality? The 
DSM-IV definition implicitly acknowledges this possibility by defining 
hallucination as a sensory perception that “occurs without external stimulation 
of the relevant sensory modality”. If external stimulation is presented only in 
what most people would describe as an irrelevant modality (different than the 
one experienced), those who adhere to the DSM definition would have to 
conclude that synaesthesia could be regarded as a special case of hallucination. 
It is not our intention, however, to suggest that synaesthesia should be regarded 
as a pathological condition5. Admittedly, there are many differences between 
developmental synaesthesia and spontaneous hallucination: Developmental 
synaesthesia is not transient; it is elicited in a consistent manner by specific 
stimuli; it is not disruptive; and it occurs naturally without neurological disease 
or the aid of recreational drugs (Van Campen, 2007).  

What we are suggesting is that there is a simple common characteristic 
between synaesthesia and hallucination: The absence of an ‘appropriate’ stim-
ulus. Of course, we use the term appropriate in a statistical sense only (the 
appropriate stimulus is what the majority of people consider a plausible in-
ducer of the perceptual experience in question). Therefore we can distinguish 
between three classes of perceptual phenomena occurring without an ‘appro-
priate’ stimulus: Spontaneous hallucination (with no obvious external trigger); 
metamorphopsia (triggered by a stimulus in the same modality), and synaes-
thetic hallucinations (triggered by a stimulus in a different modality). While in 
principle, the experience itself may be very similar, what is different here is the 
trigger. The underlying mechanisms may or may not be similar – we return to 
this point later. All of these are of course the consequence of the neurophysiol-
ogy and the neural architecture, whether intact, damaged, or just atypical).  

                                                
3 See Shanon (2003) for an extended discussion of various suggested definitions of hallucinations.  
4 For example, a human face misperceived as dog face (Grüsser & Landis, 1991); this is a specific type 
of metamorphopsia labelled prosopometamorphopsia. It is clearly of central origin (though note that 
some simpler distortions can be due to lower-level eye conditions). Unlike common visual illusions we 
are all susceptible to, higher level distortions in metamorphopsia can be idiosyncratic and may result 
from brain damage.  
5 The purpose of examining definitions (and their loopholes) is to reflect on our conceptualisation of a 
range of perceptual phenomena and analyse similarities and differences between them. We urge readers 
with strong feelings against viewing synaesthesia as an instance of hallucination to bear with us and 
withhold judgment for now. 
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While synaesthesia researchers have carefully analysed the differences be-
tween synaesthesia and spontaneous hallucination, we find it conceivable that 
some surveys of hallucinations have lumped together spontaneous hallucina-
tions and synaesthetic hallucinations where no consideration has been given to 
whether or not there was a trigger and to which modality it belonged (Sagiv & 
Ben-Tal, submitted). Take for example the case of hypnagogic hallucinations: 
Instances of synaesthesia between sleep and wakefulness have been docu-
mented in several studies (Bachem, 1949; Hollingwoth, 1911; Podoll & 
Robinson, 2002; Vihvelin, 1948) but there usually is no mention of these in 
large scale surveys of hallucinations in the general population although hypna-
gogic/hypnopompic hallucinations are the most frequently reported hallucina-
tions in the general population (e.g., Ohayon, 2000). 

In sum, we have seen that synaesthetic experience may have at least one 
common feature with spontaneous hallucinations. We feel that acknowledging 
this is necessary if we are going to try to develop a unified framework for 
understanding a range of (ordinary and) extraordinary perceptual experiences. 
Similarly, it would be helpful to point out similarities between hallucinations 
and normal perception. We recognise that hallucinations are traditionally seen 
in a negative light; synaesthesia researchers and synaesthetes alike have often 
tried to distance themselves from the topic. Thus, our next aim is to briefly 
survey what hallucinations share with ordinary perceptual experiences, perhaps 
dispelling at least some of the negative views about hallucination. 

HALLUCINATIONS AND NORMAL PERCEPTION 
There are various patient groups that are particularly prone to hallucinate; 

for example, patients with sensory loss (e.g., Charles Bonnet Syndrome; 
ffytche, 2005), psychiatric patients (Bentall, 1990), and patients with temporal 
lobe epilepsy (Taylor & Lochery, 1987), to name a few conditions. However, 
hallucinations are also reported by healthy individuals between sleep and 
wakefulness (e.g., Ohayon, 2000) or under the influence of hallucinogenic 
drugs (Klüver, 1966). What is common to all of these examples is a weaker 
correspondence between the perceived world and the actual sensory stimula-
tion. The term ‘pseudo-hallucination’ is sometimes used to describe the condi-
tion of patients who are aware that what they perceive is not real (this is com-
mon in hallucinations linked with deafferentation, for example, Charles Bonnet 
patients are not delusional and usually distinguish between veridical percepts 
and their hallucinations; ffytche, 2005). It is not clear, however, that there is a 
fail-safe way to distinguish all hallucination from veridical perception. It is 
often the improbability of the perceptual experience that gives away hallucina-
tions (e.g., seeing a racoon in the library) but if one were to hallucinate more 
probable sights (e.g., an extra bookshelf in the library) this may go unnoticed.  

Therefore, the boundary between veridical perception and various forms of 
misperceptions and hallucinations is not as clear cut as it may seem – at least 
when considering the phenomenology. All of these perceptual experiences are 
constructs of the mind; while what we perceive is usually highly constrained 
by the physical environment, hallucinations are merely under-constrained 
percepts (Behrendt and Young, 2004)6. Thus, deviations from so-called normal 
                                                
6 According to Behrendt and Young (2004), under-constrained percepts occur when sensory inputs have 
a reduced impact on thalamocortical circuit activity. This may be the result of a combination of factors 
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perception manifest as a mismatch between the perceived world and the physi-
cal world, but such deviations do not represent a categorically different type of 
perceptual experience.  

This view is consistent with Dennett’s (1991) claims that our perceptual 
experiences should not be regarded as some sort of a movie in the brain but 
rather as a series of judgments we are making. According to this view halluci-
nations may be understood simply as incorrect judgments. Similarly, Gregory 
(1980) likened perceptions to hypotheses. To see an object in front of us is akin 
to hypothesizing that it is there. The hypothesis may turn out to be true or 
false7 – a hit or a false alarm, respectively, using Signal Detection Theory 
terminology.  

Where does synaesthesia fit within the framework? The case of develop-
mental synaesthesia is interesting because perception is constrained by the 
sensory input in the sense that specific synaesthetic experiences are predictably 
elicited by specific stimuli. In other words – although the correspondence be-
tween sensory input and perceptual experience is different in synaesthetes and 
non-synaesthetes – in both groups this correspondence is regular. Furthermore, 
this regularity is something that synaesthetes can rely on to make sense of the 
world around them. For example, a synaesthete could distinguish between a 
bassoon and an oboe sound not only because they sound different, but also 
because they have their own unique colours.  In that sense, synaesthesia is 
closer to veridical perception than to hallucinations. Furthermore, synaesthetic 
experience has a predictive value concerning the likely source and could there-
fore serve a useful function. 

Nevertheless, to analyse synaesthesia in functional terms, we must deal 
with several challenges. One challenge is to account for the somewhat arbitrary 
nature of synaesthetic correspondences. Synaesthetic images may make sense 
for each synaesthete, but in the eyes of any other synaesthetes (or a non-
synaesthete for that matter), the reported experiences may appear to lack corre-
spondence with the sensory input.  

A second question is whether it is possible or meaningful to compare 
experiences between individuals? Should a synaesthete hear the sound of a 
trumpet and make the correct inference concerning its source, does it matter at 
all that his or her experience may be different than that of a non-synaesthete 
who listens to the same trumpet sound but does not see any colours while the 
recital goes on? What is clear, however, is that a purely behavioural functional 
analysis cannot explain how the same simple stimulus in a given context could 
evoke two qualitatively different experiences in different individuals as pointed 
out by Gray et al. (2002). 

 
 

                                                                                                             
such as a cortical release mechanism in sensory loss or sensory deprivation, cortical irritation, cortical 
hyperexcitability, and more (Collerton, Perry, & McKeith, 2005). 
7 Note that the hypothesis we are talking about, refers to the pre-reflective, raw experience. Upon 
reflection, we may come to the conclusion that our visual impression (e.g., a unicorn or a golden 
cityscape) cannot be an accurate portrayal of reality; otherwise, it may be up to independent observers 
to judge. 
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IS A FUNCTIONALIST ANALYSIS OF SYNAESTHESIA POSSIBLE?  
Can synaesthesia be accommodated by a functionalist framework? As we 

have seen – although some synaesthetic correspondences are idiosyncratic, the 
perceptual experience can be identified with certain functional states, for the 
individual concerned. According to Gray et al. (2002), a functionalist would 
explain synaesthesia as resulting from associative learning, while brain imag-
ing findings support a different explanation, namely, the hyperconnectivity of 
certain parts of the cerebral cortex. This left us wondering why we must as-
sume that the only functional explanation involves associative learning. If we 
accept that synaesthesia is the consequence of anomalous brain connectivity, 
why can’t this be analysed functionally? After all – any theory of how a system 
works must also incorporate predictions on possible ‘dysfunctions’ when cer-
tain parameters deviate from the norm. Therefore, the presence of an anomaly 
does not rule out a functional explanation. Indeed, Noe and Hurley (2003) do 
incorporate neural activity into their framework for understanding the qualita-
tive nature of perceptual experience (within the broader dynamic sensorimotor 
context). 

While it appears that synaesthetes do indeed exhibit such hyperconnectivity 
(Rouw & Scholte, 2007) to which they are likely to be genetically predisposed 
(Asher et al, 2009), it seems clear that some learning has to take place in those 
predisposed individuals in order to determine, at the very least, the specific 
cross-modal correspondences unique to each synaesthete (see Hunt, 2005, for 
an extended discussion of the role of learning in synaesthesia). The biggest 
challenge synaesthesia poses to functionalism (and in fact, any framework for 
understanding consciousness) is perhaps the idiosyncratic nature of some syn-
aesthetic correspondences. To account for these it may be necessary to obtain 
very detailed data on environmental factors and learning during the course of 
development. We suspect that the neuroanatomical and behavioural accounts 
of synaesthesia may be reconciled if we take development seriously and recog-
nise that such a complex phenomenon, like many others, must be the product 
of a dynamic interaction between neurophysiological, genetic, and environ-
mental constraints. 

While the ultimate goal is to account for specific mapping between induc-
ing stimuli and the evoked experiences, it has proved easier to explain why 
certain individuals have a particular type of synaesthesia and not another. In-
deed, much progress has been made in understanding the neural mechanisms 
underlying both ordinary and extraordinary perception, including synaesthesia, 
hallucinations, and other positive symptoms. In the final three sections we 
focus on the neurobiological level, compare and contrast the mechanisms of 
(i) synaesthesia and hallucinations, (ii) synaesthesia and other positive percep-
tual symptoms, (iii) synaesthesia and normal perception. 

THE MECHANISMS OF SYNAESTHESIA AND HALLUCINATION 

It is widely accepted that synaesthesia could result from cross-activation of 
different sensory areas in the brain (Ramachandran & Hubbard, 2001). 
Functional neuroimaging data is consistent with this claim, although the exact 
nature of the underlying mechanism is still under debate. There is compelling 
evidence for anatomical differences between (developmental) synaesthetes and 
non-synaesthetes. Diffusion tensor imaging (DTI) confirms the predicted 
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cortical hyperconnectivity involving the fusiform gyrus in synaesthetes (Rouw 
& Scholte, 2007), but it is not clear that hyperconnectivity could account for all 
instances of synaesthesia, especially when induced temporarily in non-
synaesthetes, i.e., with hallucinogens or hypnosis. The latter case has been 
attributed to disinhibition (Cohen-Kadosh et al., 2009) – indeed it is unlikely 
that substantial changes in cortico-cortical connectivity have occurred over 
short timescale in the case of hypnosis-induced synaesthesia. 

Given a neural configuration with either hyperconnectivity or lower thresh-
olds for excitation (whether pharmacologically induced, due to sensory depri-
vation, or to hypnosis) a uni-modal stimulus may indeed elicit an experience in 
more than one sensory modality. In such a case, it would not make sense to 
talk about the absence of an ‘appropriate’ stimulus because we understand very 
well why an experience in an additional modality should in fact be expected. 
Given a perceptual experience, we could conceivably refine the definition of 
‘appropriate stimulus’ to account for individual differences, and tailor the 
range of what we describe as appropriate stimuli to the neural architecture. 
After all, there is no one-to-one correspondence between stimulus modality and 
the modality of the experience it gives rise to, and neural constraints must be 
taken into consideration (for example, if there is damage to the optic nerve, 
visual stimuli may not elicit a visual experience at all). This exposes a circu-
larity in the definition of hallucinations as lacking appropriate stimuli: The 
more we understand about the neural basis of perception, the less surprised we 
should be that certain individuals’ experiences are richer than others’. Eventu-
ally, it boils down to our tolerance to deviation in the norm, whether it is at the 
neural, behavioural, or experiential level.  

Now that we have discussed the neurobiological variability, let us examine 
what are some of the common neural mechanisms of synaesthesia, hallucina-
tions, and ordinary perceptual experiences. Colour experience, for example, 
seems to consistently involve some of the same visual areas whether triggered 
by the range of light wavelengths falling on the retina (Bartels & Zeki, 2000), 
spontaneously arising in Charles Bonnet hallucinations (ffytche et al., 1998), or 
triggered by an auditory stimulus in synaesthetes (Nunn et al, 2002). 

In both synaesthesia and hallucination activation of cortical colour pro-
cessing areas occurs without the sensory input normally associated with colour. 
In synaesthesia, it is the result of co-activation when processing another stim-
ulus. In hallucination, there is no stimulus – or so it seems. Most certainly, the 
cortical activations we see in hallucination are causally related to the neural 
events immediately preceding the onset of hallucinations. We might therefore 
ask whether hallucinations could result from a synaesthesia-like cross-activa-
tion of brain areas? The trigger of the hallucinatory experience may not be 
obvious; in fact, it may be internal rather than an external stimulus. A number 
of different mechanisms may be responsible for lower thresholds for activation 
that makes one susceptible to hallucinations (e.g., drugs, deafferentation or 
temporary sensory deprivation). Given that the thresholds for activation of 
specific cortical areas are lower than usual in both synaesthesia and hallucina-
tions, it is possible that better understanding of genetic and epigenetic factors 
in synaesthesia, may yield some insights into why certain individuals are more 
susceptible to hallucinations than others. It is an open question whether syn-
aesthesia has anything to do with susceptibility to hallucinations, but it should 
be easy to test. If there is such a link, we would expect, for example, that in a 
large sample of individuals with eye disease (a risk factor for visual hallucina-
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tion), those who have colour synaesthesia, will also be more susceptible to 
spontaneous colour hallucination than non-synaesthetes (or taste synaesthetes 
for that matter). Another prediction is that using transcranial magnetic stimula-
tion (TMS), phosphenes could be induced at lower thresholds in those with 
visual synaesthetic experiences, than in those with tactile synaesthetic experi-
ences. 

 We should also strive to characterise better the phenomenology of patients 
with hallucination. It may turn out that they experience more synaesthetic hal-
lucinations than currently reported in the medical literature. Further exploration 
of the link between voluntary and involuntary forms of mental imagery will 
also be necessary if we are to understand the full range of perceptual experi-
ence.  Indeed recent studies report enhanced mental imagery in synaesthetes 
(Barnett & Newell, 2008; Price, 2009). Other studies show that synaesthetic 
experiences can be triggered by mental images of the usual inducing stimulus 
as well (Spiller & Jansari, 2009). We speculate that a broad spectrum of human 
experiences must involve some sort of synaesthesia-like cross activation. After 
all, non-trivial mental function quite commonly requires the integration of 
information across different domains of perception, cognition, and action. 

At the very least, the cross-activation account can be extended to types of 
synaesthesia where the trigger is not strictly sensory. For instance, quite com-
monly, the inducers of synaesthesia are concepts such as numbers (e.g., Sagiv, 
Heer, & Robertson, 2006; Ward & Sagiv, 2007) or days of the week (Shanon, 
1982; Rich, Bradshaw, & Mattingley, 2005; Simner et al., 2006). Similarly, in 
other synaesthesia variants (or synaesthesia-like phenomena if you wish)8, the 
induced experience may not be a simple sensory one. For example, ‘number 
forms’ - a visuo-spatial variant of synaesthesia – where numbers are associated 
with a shift of spatial attention to a particular location in space (Sagiv, Simner, 
Collins, Butterworth, & Ward, 2006; Tang, Ward, and Butterworth, 2008). 
Another example is the personification of letters, numbers or objects (Day, 
2005; Cytowic, 2002; Simner & Holenstein, 2007; Smilek et al, 2007). It has 
been suggested that the cross-activation seen in more straightforward examples 
of synaesthesia could explain the more unusual variants as well (e.g., Simner & 
Hubbard, 2006).  

SYNAESTHESIA AND OTHER POSITIVE SYMPTOMS 

Can these ideas be extended to other positive symptoms? A synaesthesia-
like mechanism was suggested for autoscopy (Zamboni, Budriesi, & Nichelli, 
2005) – a rare condition in which the patient hallucinates a mirror image of his 
or herself. Autoscopy belongs to a class of phenomena called autoscopic phe-
nomena also including (1) Out-of-body experience (e.g., Blanke & Mohr, 
2005); (2) Doppelgänger or double delusions (e.g., Brugger, 2002); and (3) 

                                                
8 Although there is no consensus on whether grapheme personification and number forms should be 
regarded as types of synaesthesia, they do share some phenomenological, behavioural, neurobiological 
and likely also genetic features.  Indeed, with dozens of types of synaesthesia documented in the litera-
ture, it has proved quite challenging to agree on a definition for synaesthesia or a set of behavioural 
criteria to diagnose it. The definition of synaesthesia is not an empirical question, but it should be 
informed by phenomenology, behavioural, and neurobiological data (Sagiv, 2008). Indeed Simner (in 
press) has recently echoed this and called to move towards a neurobiological definition rather than 
relying on a purely behavioural diagnosis.  
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sense of presence, reported for example in bereavement (Rees, 1971) or when 
the temporo-parietal junction is stimulated (Arzy, Seeck, Ortigue, Spinelli, & 
Blanke, 2006). What is common to all of this is mirroring of one’s own body 
or self or projecting it outside the body. The body image as it is constructed 
and perceived requires the integration of multisensory information including at 
the very least proprioceptive, haptic, and visual information. Mismatch or ex-
cessive cross-activations between those different sources of information can 
therefore yield a range of embodiment illusions whether the anomalous inter-
actions are due to a neurological condition (Blanke, Landis, Spinelli, & Seeck, 
2004), are induced deliberately in the laboratory (e.g., the rubber hand illusion, 
Botvinick & Cohen, 1998) or correspond to whole body illusions induced with 
a virtual reality apparatus (e.g., Lenggenhager, Tadi, Metzinger, & Blanke, 
2007). Explaining phenomena implicating alterations to the body image or the 
body schema9 based on a cross-activation mechanism similar to the one we see 
in synaesthesia, seems like a promising direction, especially when sensory 
inputs are manipulated. Recall for example Ramachandran and Rogers-
Ramachandran’s (1996) work on restoring phantom limb mobility by provid-
ing visual input using a mirror. 

While in autoscopic phenomena, the body may be visually mirrored or 
projected, the opposite occurs in ‘mirror-touch synaesthesia’. Individuals with 
mirror-touch synaesthesia project visually presented tactile stimulation of oth-
ers onto their selves, resulting in a tactile experience (Banissy, Cohen-Kadosh, 
Maus, Walsh, & Ward, 2009); i.e., they can actually feel on their own body 
what other people are feeling when they are touched. This form of synaesthesia 
is an intriguing one since unlike other variants of synaesthesia, here the syn-
aesthetic correspondences are not idiosyncratic at all but rather regular and 
constrained by the evoking stimulus. Furthermore, over-activation of the mir-
ror neuron system beyond the threshold of conscious tactile experience appears 
to underlie the condition (Blakemore, Bristow, Bird, Frith, & Ward, 2005). 
Applied to the visuo-tactile domains, the cross-activation theory of synaesthe-
sia yet again offers a plausible explanation. 

BACK TO ‘NORMAL’ COGNITION 

Multisensory integration including the visuo-tactile interaction we see in 
mirror-touch synaesthesia does indeed enable a range of human skills; specifi-
cally, understanding people’s intentions, feelings, and emotional state. It has 
been suggested that these important social skills cannot be based solely on 
abstract reasoning about other people’s mental lives; instead, these skills rely 
on taking the other’s perspective by simulating their actions using mirror neu-
rons (Gallese & Goldman, 1998; Gallese, 2007). Social cognition in most cases 
involves actually sharing experiences; to some extent we can actually feel other 
people’s pain, sadness or happiness. Simulated experiences allow a quick, 
intuitive and direct appreciation of other minds that is essential for social inter-
action. If we do simulate other people’s intentions and feelings – this could be 
conceptualised as a sensory-motor or sensory-sensory synaesthesia-like map-
ping of others’ mental states onto ourselves; consider for example overt mani-
festations such as the subtle automatic mimicking of facial expression (e.g., 
Dimberg, 1982) – where the visual input concerning another person’s state 

                                                
9 For a discussion of the distinction between body image and body schema, see De Vignemont (2009). 
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activates the corresponding motor plan in the observer.  Another example is the 
unpleasant experience of witnessing that a person we are close to is in pain. 
Again, we may have only witnessed the other person’s facial expression (a 
visual trigger) or their voice (an auditory trigger) and yet our own experience 
may extend to the somatosensory domain. We propose that embodied social 
cognition may be best understood as a synaesthesia-like process. This point of 
view on the problem may generate novel hypotheses concerning the underlying 
cognitive, neural, and genetic basis of social cognition.  

Cross-modal and cross-domain associations are indeed inherent to human 
cognition. We must constantly integrate information from different modalities 
and domains as well as switch between different frames of reference in order to 
make sense of objects and events around us. Moreover, we find it useful to 
deliberately translate data into a specific modality in order to extract infor-
mation from it, e.g., visualisation and sonification of data (Ben-Tal & Berger, 
2004). Similarly, artists are able to utilise prevalent cross-modal associations as 
well as novel ones in order to create new forms of art (Sagiv, Dean, & Bailes, 
2009; van Campen, 2007); projecting and shifting from one reference frame to 
another (whether spatial, temporal, object- or person based) is also a funda-
mental feature of human cognition enabling a range of activities from enjoying 
literature, through driving, to planning our future.  

We hope we have convinced the reader that synaesthesia provides an inter-
esting test case for frameworks for understanding perception. Furthermore 
synaesthesia is but one of many mental processes involving cross-modal and 
cross-domain interactions and that studying synaesthesia may well generate 
novel insights into other aspects of human cognition in the foreseeable future. 
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