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INTRODUCTION

We have learnt much from studying selective deficits in neurological patients and what
they tell us about normal brain function. This neuropsychological approach has been
useful in the study of perception, attention, memory, and thought. However, interest
in positive symptoms or phenomena such as synesthesia, hallucinations, and phantom
limbs can be equally instructive.! Like deficits, positive symptoms could provide some
useful clues concerning likely components and organization of the underlying cogni-
tive or neural mechanisms and therefore facilitate the generation of new hypotheses.
Additionally, they provide test cases for established theories of cognition. A good theory
should be able to predict both negative and positive deviations from normal function
when certain parameters are changed. Indeed, scientists are becoming increasingly
convinced that there is much we could learn from synesthesia about normal function.
While early synesthesia research focused primarily on documenting the phenomenon
and verifying the genuineness of the subjective reports, current synesthesia research
goes beyond this. Today, we are concerned with explaining the extraordinary percep-
tual experiences of synesthetes and considering what synesthesia may reveal about per-
ception and cognition more generally (e.g. Cohen Kadosh, Gertner, and Terhune 2012;
Sagivand Ward 2006). In this chapter we will make the case for considering synesthesia
as a model problem in the scientific study of consciousness and highlight some of the
promising directions such a project could take.

! In neuropsychology, positive symptoms are characterized not by losing some ability or function
but rather by adding or altering perception or cognitive processes in some way. For example, perceiving
a stimulus in the wrong visual field (allesthesia), perceiving something that is not really there (e.g.,
hallucinations) or remembering something that did not really happen (e.g., déja vu). This may or may
not be accompanied by negative symptoms (i.e., deficits of perception, memory; etc.).
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CONSCIOUSNESS

The problem of consciousness is one of the most challenging ones scientists are facing.
It is usually divided into two major components—awareness and arousal (Zeman 2005).
We will focus here on the problem of awareness or contents of consciousness (rather than
levels or states of consciousness)—understanding our subjective, private experiences
and how they emerge. This includes our thoughts, feelings, intentions, what we perceive,
and the sense of authorship of our own actions.? The scientific study of consciousness
examines the relationship between these subjective experiences and behavior, cognitive
processes, brain structure and function, the course of development, as well as genetic,
environmental, and cultural constraints. Scientists trying to understand consciousness
are faced with many questions and problems. These include, for example, what distin-
guishes conscious from unconscious processing? How might we understand intentions,
agency, free will, thought, and the relationship between attention and awareness? What
determines the nature of our experiences, and what is the relationship between percep-
tion and reality? The study of consciousness is therefore an interdisciplinary endeavor
and touches on many aspects of human cognition and brain function. It is not our inten-
tion to provide here a thorough introduction to the scientific study of consciousness (for
an introduction, see Blackmore 2010; Revonsuo 2010; Zeman 2002).

Trying to understand consciousness follows a long tradition of attempts to address
the mind-body problem. Chalmers’ (1995) formulation of the problem—why should
brain activity give rise to subjective experience in the first place?—has generated exten-
sive debates (for a brief outline of the early debates, see Searle 1997). Such “why” ques-
tions are notoriously hard to answer® and scientists have always been better at describing
what, when, and how things happen instead. Indeed considerable progress has been
made understanding a number of key problems in the scientific study of conscious-
ness: Identifying the neural correlates of consciousness (e.g., Frith, Perry, and Lumer
1999; Rees and Frith 2007), understanding the role of attention (e.g., Koch and Tsuchiya
2007; Lavie 2007), or how information is accessed (e.g., Block 2011) or integrated (e.g.
Robertson 2003; Tononi 2007). Here we will focus on insights generated by empirical
research.

Given the elusive nature of consciousness and the difficulty of providing a definition
that encapsulates all aspects of consciousness, many studies have focused on specific,

2 Following Searle (2000), we do not provide a precise, analytical definition of consciousness at the
outset, and settle for this commonsense working definition for now.

3 Richard Feynman (1983) once noted that explaining why something happens leads to an infinite
series of questions (Why does A happen? Because of B; why is B true? Because of C; what explains C
then? And so on). Therefore, we cannot usually give a full and comprehensive answer to “why” questions
unless we do so within a framework in which some things are taken to be true (BBC2, 15 July 1983; Fun to
Imagine 2: Stretching, Pulling and Pushing; <http://www.bbc.co.uk/archive/feynman/>).



926 THE OXFORD HANDBOOK OF SYNESTHESIA

circumscribed aspects of consciousness. Considerable progress has been made through
the fractionation of consciousness into well-defined features or functions (such as visual
awareness, bodily awareness, or the feeling of willing). It is sensible to start with a mod-
est project—trying to understand how a single uni-modal perceptual experience arises.
The problem of seeing the color red, for example, has been a particular favorite in philo-
sophical debates on consciousness. Once we can provide an account of seeing red, we
can try to extend our explanation to more complicated visual experiences and to other
domains of human experience. We might then ask ourselves what synesthesia can bring
to this debate, or indeed, how a general notion of consciousness might inform us about
the nature of synesthesia.

SYNESTHESIA AS A MODEL PROBLEM FOR
UNDERSTANDING EXPERIENCE

Seeing red may be a pure form of awareness, but focusing on this simple problem may
come at a price. There may be features of perceptual awareness that are more readily
noticed when looking beyond simple color vision. For example, active exploration of
the environment, thought to be crucial in perceptual awareness, is more easily appre-
ciated when considering tactile perception rather than visual perception (Noé 2004).
Similarly, we can understand better the role of attention in consciousness within more
natural settings, when varying perceptual load or manipulating the focus of attention
(Kuhn, Amlani, and Rensink 2008).

We argue that synesthesia can serve a useful function in the scientific study of con-
sciousness, since it could provide a new perspective on the problem and is a test-case for
current theories. It is not immediately apparent why a relatively uncommon perceptual
phenomenon should be useful at all in understanding perception or more broadly—
consciousness. So let us try to clarify this. First, synesthesia is phenomenologically-de-
fined. It is characterized by an atypical perceptual experience and like any other type
of experience it can be compared with instances in which it does not arise (while the
subjective reports of participants’ conscious experience serve as a dependent variable;
Baars 2003). The perceptual experiences of synesthetes (i.e., those who experience syn-
esthesia) may be unusual, but its existence raises the same general problems: How do
such experiences arise? What is their neural basis? How does attention modulate syn-
esthetic experience? A second feature that makes synesthesia a particularly useful case
study is the impressive variety of types of synesthesia, involving different combinations
of sensory modalities and different types of experience. This provides us with a large
number of observations and many opportunities to test our theories of brain function
and the associated mental states. It also presents an opportunity to open up the debate
on individual differences in subjective experience of the world around us. The third,
practical reason that makes synesthesia valuable is that synesthetes are usually healthy
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and cooperative research participants and that synesthesia is more common than previ-
ously thought. This makes the condition easier to study than, for example, studying the
perceptual anomalies in certain neurological or neuropsychiatric patients.

This chapter outlines why consciousness scientists and scholars should be interested
in synesthesia, and why synesthesia researchers should be interested in consciousness. It
delineates some the areas where synesthesia research is likely to contribute to our under-
standing of consciousness.

APPROACHES TO STUDYING SYNESTHESIA

Contemporary synesthesia studies are concerned with explaining how the phenome-
non arises and exploring what it tells about perception and cognition more generally.
Essentially, we are taking the neuropsychological approach. In neuropsychology, study
of the deficits associated with circumscribed brain damage tells us something more gen-
erally about the relationship between cognition and brain function. In the same way
one can study the deviations from the norm in healthy individuals with synesthesia
(or in those who have acquired synesthesia). Cases of synesthesia are radically differ-
ent than what we are used to, and so force us to reconsider our ideas about perception.
New observations from such cases may help us generate new hypotheses about normal
cognition and expose implicit assumptions. What we take for granted may not always
be true. Indeed if there is anything that we have learned about consciousness it is that
appearance and intuitions can be misleading.

One challenge in the study of synesthesia is assessing and quantifying the subjective
reports of synesthetes. This has become somewhat easier in recent years as more cases
of synesthesia have come to light. Prevalence estimates using different methodologies
had varied widely. Recent studies taking into account both participants’ self-reports
and objective indices such as high consistency in their descriptions over time (e.g., the
correspondences between specific letters and colors tend to be very stable) have typi-
cally lead to conservative estimates. After eliminating some of the sampling confounds
that plagued earlier reports, Simner et al. (2006) were able to show that the prevalence
of grapheme-color synesthesia (i.e., colored letters or digits) is close to 1.4%, and more
than 4% of the population reported one of several common variants of synesthesia.
One limiting factor in estimating the prevalence of synesthesia is the lack of agreement
on a precise definition.* There is a growing consensus that better understanding of the
underlying neurobiological mechanisms could inform the way in which we categorize
synesthesia variants (Sagiv, Ilbeigi, and Ben-Tal 2011; Simner 2012) in addition to the
phenomenological and behavioral characteristics. Patterns of inheritance of different
variants as well as their co-morbidity may also prove useful in assessing the relationship

* For a discussion of the problem of defining synesthesia, please see Simner (2012), Eagleman (2012),
Cohen-Kadosh and Terhune (2012), McPherson (2007), and Sagiv, Ilbeigi, and Ben-Tal (2011).
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between different forms of synesthesia (e.g., Novich, Cheng, and Eagleman 2011). We
will discuss here a number of synesthesia variants and related phenomena, highlight-
ing their relevance for the study of consciousness (regardless of whether or not all these
variants will end up being classified as types of synesthesia in their own right, as, for
example, in the case of grapheme personification; see later and Amin et al. 2011). One
of the principal factors that make defining synesthesia so difficult is our growing appre-
ciation of the sheer variety of different ways in which synesthetes—and indeed all of
us—might experience the world around us. This brings us to our first issue—individual
differences.

INDIVIDUAL DIFFERENCE IN THE WAY
WE PERCEIVE THE WORLD

The possibility that we literally see things differently from one another has intrigued
scholars at least since John Locke’s (1690/1979) discussion of the “inverted spectrum”
argument. Is it possible that while we agree on the names of colors, we experience them
differently? Behavioral measures can helps us rule out some possible transformations of
individuals’ color space (Palmer 1999a), but in general comparing experiences remains
very challenging because we simply cannot get into other people’s heads. Nevertheless,
we can still say with confidence that some people do experience the world differently.
Some notable examples can be traced back to the neurophysiology of sensory systems.
Color blindness is one such example (e.g., Palmer 1999b). Dichromats—individuals
missing one of the three types of cone photoreceptors—cannot discriminate between
certain colors that the rest of us experience as very different. Conversely, a minority of
women endowed with four types of cone photoreceptors seem to have a richer color
experience (Jameson, Highnote, and Wasserman 2001). Similarly, genetic variations in
taste receptors influence the sensitivity to bitter tastes (e.g., Des Gachons, Beauchamp,
and Breslin 2009).

Variability in subjective experience of visual stimuli has also been recently linked to
variability in the cerebral cortex. Schwarzkopf, Song, and Rees (2011) showed that V1
size negatively correlates with the subjective experience of object size, as indicated by
the magnitude of two visual illusions. Anomalous functional organization of the cer-
ebral cortex also underlies conditions such as congenital prosopagnosia (Behrmann
et al. 2007). Individuals who are unable to tell the difference between two or more faces
that look radically different to most of us, will not only score lower on behavioral face
recognition tests, but obviously, will also have a very different experience in many every-
day situations looking at faces. The examples described here are all concerned with dif-
ferences in the intensity or magnitude of perceptual experience (or inability to detect a
stimulus difference, at the extreme low end of the spectrum). Indeed, some progress has
been made in quantifying individual difference in the intensity of stimuli (Bartoshuk
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etal. 2004). However, evidence concerning possible individual differences in the quality
of experiences (not merely the intensity) has been rather limited.

Synesthesia provides us with one example of qualitatively different experiences.
Synesthetes don’t only perceive more than the rest of us, but they also differ among them-
selves on the quality of that additional experience. For example, for AD (a synesthete)—
the letter C is yellow, and P is blue, while for CP (another synesthete)—the opposite is
true—she perceives the letter C in blue while P is yellow (Sagiv and Robertson 2005).
Synesthetes are living examples of a mixed-up spectrum of sorts. Their experience of
colored surfaces (e.g., a red pepper) may be similar, but there are certain other sets of
stimuli (e.g., black and white graphemes) that induce different color experiences for
these individuals.’ Thus, different colored-grapheme synesthetes have a different cor-
respondence between colors and common objects (which are shared with the rest of the
population) and between colors and graphemes (which are not). We know this because
(a) they can report how their synesthetic color experience compares with color expe-
riences we are all familiar with, and (b) because we have objective measures corrobo-
rating the self-reports. Demonstrations of the perceptual reality of synesthetic colors
include, for example, the finding that colored-grapheme synesthetes can perform better
than non-synesthetes on some visual search tasks by utilizing their synesthetic colors
(Palmeri et al. 2002; Ramachandran and Hubbard 2001a). Such superior perform-
ance is difficult to fake, increasing our confidence in the reality of their experience.
Furthermore, the advantage certain synesthetes gain in some behavioral tasks involving
graphemes (namely texture segregation and crowding experiments), correlates with the
degree to which the synesthetic colors engage early visual areas in different synesthetes
(Hubbard et al. 2005). This heterogeneity is also present in the variability of the spatial
reference frames within which different synesthetes perceive their synesthetic colors,
i.e., projected externally in the synesthete’s peri-personal space or perceived in the syn-
esthete’s mind’s eye (Dixon, Smilek, and Merikle 2004; Ward et al. 2007). These differ-
ences affect the saliency of synesthetic colors.

In many types of synesthesia the correspondence between trigger for the synesthetic
experience (inducer) and the synesthetic experience itself (concurrent) are idiosyn-
cratic to the individual,® for example, recall the cases of AD and CP who have opposite
colors for the letters C and P. Each of those correspondences provides us with a further

5 Atthe very least we can say that the relational structure of the experiences they report differs, if
one is forced to make the argument without any reference to the quality of experience whatsoever (c.f.
Dennett 1991,1999).

¢ Mirror touch synesthesia (Blakemore et al. 2005) presents an exception to this rule. There, the
synesthetic experiences are more predictable: An individual seeing another individual receiving tactile
stimulation to their hand, will experience a corresponding tactile experience on their own hand (not in
a seemingly random, different body part). However, even mirror-touch synesthetes show a difference in
the way they map the right and left sides of the observed body onto their own (Banissy and Ward 2007;
Banissy et al. 2009). Some synesthetes consistently experiencing a specular mapping (left mapped to
right—resembling a mirror reflection) while others map anatomically (the left is mapped to the left) as if
adopting the other person’s perspective or reference frame.
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demonstration of qualitatively different subjective experiences when comparing two
synesthetes with the same type of synesthesia, be it colored graphemes, lexical-gustatory
synesthesia (i.e., words trigger tastes; Jones et al. 2011; Ward and Simner 2003), colored
touch (Ludwig and Simner, 2013), colored music (e.g., Ward, Huckstep, and Tsakanikos
2006), or the visualization of spatial patterns induced by letters (Jonas et al. 2011), num-
bers (e.g., Sagiv et al, 2006; Tang, Ward, and Butterworth, 2009), or time units (Brang
et al. 2013; Jarick et al. 2011; Smilek et al. 2007). Hence even among synesthetes there
are individual differences. Indeed, one thing that synesthesia teaches us about our con-
scious experience is that we cannot take it for granted that others see the world in the
same way. Such individual differences have implications for philosophical frameworks
for understanding consciousness. Experience appears to vary independently of the
stimulus and associated behavior in synesthesia. This has led some to claim that a purely
behavioral functionalist framework may not be sufficient to account for synesthesia
(Gray 2002, 2003; c.f. Noé€ and Hurley 2003). Indeed for a complete understanding we
would have to take into consideration, not only a very detailed history of the stimuli to
which individual synesthetes have been exposed, but also neurobiological constraints
(Sagiv, Ilbeigi, and Ben-Tal 2011). As we fine tune our understanding of the neural basis
of conscious perception in general and synesthesia in particular, we may be able to pre-
dict with greater accuracy how synesthetes’ experiences might be different from those of
non-synesthetes.

THE NEURAL CORRELATES OF CONSCIOUSNESS
AND SYNESTHESIA

Now that scientists have established that synesthesia is not confabulatory in origin,
attention has turned to trying to understand how such experiences arise in some indi-
viduals but not in others, and what these experiences have in common with other forms
of ordinary and extraordinary forms of perception. One key project concerns the neural
basis of synesthesia. In particular, studying the neural correlates of synesthetic experi-
ence seems to be a special case of the general quest for the neural correlates of conscious-
ness (NCC)—identifying the minimal sets of neural mechanisms, activation of which is
sufficient to give rise to a subjective experience of one sort or another. We will comment
on this body of work here. It is not our intention to provide here a comprehensive review
of neuroimaging studies of synesthesia (for a review see Rouw, Scholte, and Colizoli
2011, and other dedicated chapters in this volume), but rather to comment on the associ-
ated methodological issues, highlight a number of lines of research with implications for
understanding consciousness, and identify directions for future research.

From a methodological point of view, the same advice concerning the NCC in general
applies to the study of neural correlates of synesthetic experiences in particular (for a
review see Frith, Perry, and Lumer 1999; Rees and Frith 2007). First we must be careful to
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distinguish between brain activations associated with processing of the stimuli, activa-
tions associated with the associated behaviors, and the NCC. For example, stimuli may
be processed to some degree and affect behavior in the absence of any awareness. Hence
itis important to establish both necessity and sufficiency for particular activations to be
associated with conscious experience (for a review, see also Kanwisher 2001). Paradigms
particularly suited to identifying the NCC require a change in subjective experience
while the stimulus remains constant. We must also keep in mind different aspects of
candidate NCCs, including, not only the location where activation is observed, but also
the time-course and patterns of activity, as well as interactions between different areas.
Caution must be applied in establishing causality in the absence of direct evidence (e.g.,
from brain stimulation or lesion studies).

However, studying the neural correlates of conscious synesthetic experience entails
one more unique problem. We must also distinguish between the neural correlates of
the synesthetic experience and the neural correlates of awareness of the inducing stimu-
lus. This is challenging to achieve using within-subject designs since, when the evoking
stimulus is unattended, the synesthetic experience is unlikely to arise (Sagiv, Heer, and
Robertson 2006). Between-subject designs provide a relatively straightforward means
for keeping the stimulus exactly the same, while comparing groups with and without
synesthetic experiences. However, caution must also be applied in classifying and group-
ing synesthetes. Some synesthesia variants now have widely-used accepted labels; these
may give us a false sense of confidence that we are dealing with a relatively uniform well-
understood sort of experience. Time and again, we have discovered that there could be
distinct sub-types within such groups. Researchers would be wise to first interview and
listen carefully to what synesthetes have to say before classifying their experiences based
on questionnaires that may sometimes contain terms that researchers and participants
interpret in different ways (e.g., “the mind’s eye”). Finally, researchers should keep in
mind that brain activations associated with the type of synesthesia of interest may be
“contaminated” by those associated with other variants of synesthesia also present in the
same individual. Indeed, it is not uncommon for synesthetes to have multiple variants
(e.g., Simner et al. 2006).

One common finding is that synesthetic experiences are associated with activations
in sensory cortices thought to be necessary for processing and awareness of the stimuli
normally associated with such experiences. For example, synesthetic taste experiences
activate, among other areas, the primary gustatory cortex (Jones et al. 2011) located in
the insula (Small 2010). Reassuringly, such activity is also observed during gustatory
hallucination (Henkin, Levy, and Lin 2000). Similarly, synesthetic color is associated
with the activations of V4/V8 (e.g., Nunn et al. 2002)—the brain’s color center (Zeki
and Bartels 1999). This may seem like a straightforward finding but in fact it carries sig-
nificance for understanding the idea of “essential nodes” supporting conscious expe-
rience—areas that are necessary for such experiences (and may or may not have other
functions). For example, we have long suspected that V4 is necessary for color vision
(e.g., Zeki 1990), but in order to demonstrate it is necessary for color consciousness,
we will need to show that there could be no color experience without V4. If we could
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find an example of color experience without V4 activation, this could be potential evi-
dence against necessity. Evidence from patients with Charles Bonnet syndrome suggests
that they too show V4 activation while hallucinating colors (ffytche et al. 1998). Studies
of synesthetic color experience show a similar pattern of V4 activation (Hubbard et al.
2005; Nunn et al. 2002), providing further converging evidence to support the idea that
V4isindeed necessary for supporting the subjective experience of seeing color.

However, the picture is more complicated than this. Not all synesthesia studies have
replicated this finding. Rouw et al. (2011) attribute this to lack of power in some cases
(Aleman et al. 2001; Paulesu et al. 1995) or to the different experimental paradigm and
analyses used by others (Weiss, Zilles, and Fink 2005; Rich et al. 2006). These incon-
sistencies may also be due to phenomenological heterogeneity and possible clustering
of different subtypes of synesthetes (see our discussion of individual differences) that
may have led to averaging out of some effects (Dixon and Smilek 2005). In any case, this
merits further investigation and may lead to new insights into individual differences in
synesthesia and functional organization of the sensory cortex in synesthetes.”

Is synesthetic color experience associated with additional activations outside the pri-
mary sensory cortices? Involvement of posterior parietal regions is a relatively consistent
finding in the neuroimaging literature of colored-grapheme synesthesia (Rouw, Scholte,
and Colizoli 2011). Authors of these studies propose that such activations reflect binding
and attentional processes. This is consistent with behavioral studies showing that atten-
tion to the evoking stimulus is indeed required for awareness and binding of the syn-
esthetic colors associated with graphemes. Indeed Sagiv, Heer, and Robertson (2006)
predicted that this would be necessary for synesthesia to arise. However, using TMS to
the parietal lobule, Esterman et al. (2006) were only able to reduce the magnitude of the
synesthetic Stroop effect (where synesthetes struggle to process graphemes presented in
colors that conflict with their synesthesia) but not to knock out synesthetic color experi-
ence altogether. Further research will be necessary in order to determine whether pari-
etal involvement is essential for the experience of a synesthetic color at all, or at least for
the experience of the synesthetic color as bound to the surface of the inducing stimulus
(see also, Robertson 2003; Treisman 2005).

Does the experience of synesthesia depend on structural anatomical brain features
present in synesthetes but not in non-synesthetes? Let us turn our attention next to
brain connectivity. For more than a century, scientists have suspected that synesthe-
sia is the consequence of a neural short circuit—that somehow parts of the brain were
communicating in an atypical way (Marks 1975). Both Pedrono (1882) and de Rochas
(1885) suggested a form of cross-activation in sensory brain areas. The idea has been

7 Note that there is an implicit assumption in most discussions of the neural basis of synesthesia that,
apart from the linkage between inducer and concurrent experience, the functional organization of the
cerebral cortex is otherwise very similar. While we find this parsimonious and quite likely, it is worth
noting that it is possible that the same factors that have led to the development of synesthesia have also
resulted in slight differences in the functional organization (e.g., greater involvement of areas normally
supporting imagery in perception of external stimuli).
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revived and elaborated in the modern synesthesia literature (e.g. Hubbard, Brang, and
Ramachandran 2011; Ramachandran and Hubbard 2001b). In 2007, Rouw and Scholte
provided the first direct observation of localized cortical hyperconnectivity in devel-
opmental synesthetes using diffusion tensor imaging (DTI) to image white matter.
However, Hinggi, Wotruba, and Jancke (2011) argue that connectivity may be globally-
altered.® Although substantial progress has been made in mapping the functions of dif-
ferent cortical areas in the past two decades, the effects of various patterns of cortical
connectivity on cognition, brain function, and consciousness are not as well understood
(but see, e.g., Hasenkamp and Barsalou 2012). Synesthesia provides us with an opportu-
nity to examine this issue from a different angle, especially given the growing interest in
connectivity in developmental conditions (e.g., Rippon et al. 2007; Stevens 2009).
Finally, synesthesia has considerable untapped potential to tell us more about the rela-
tionship between brain function, plasticity and conscious experience. Some additional
areas of particular interest include, for example, plasticity and rehabilitation after brain
damage (e.g., Ro et al. 2007) and acquiring new experience via sensory substitution
devices, e.g., providing input from electronic visual sensors via an array of tactile stimu-
lators or complex auditory signal instead, (e.g., Kupers et al. 2006; Proulx 2010; Ward
and Wright, in press). This is sometimes described as a synthetic form of synesthesia.

REPRESENTATION AND CONSTRUCTION OF THE
PERCEIVED WORLD AND THE SOCIAL WORLD

Information coming from different sensory modalities is combined in order to make sense
of the world around us. However, this process often goes beyond sensory integration;
quite often processing in one sensory channel can influence the processing in another. For
example, in the cinema, we perceive the sound of actors’ voices as coming from the actors’
lips on the screen even though the loudspeakers may be elsewhere in the room (i.e., visual
input can influence sound localization; for a review, see Macaluso and Driver 2005). More
puzzling is the observation that sensory interactions could happen when only one sensory
modality is stimulated—as is the case in synesthesia.’ Indeed, synesthesia exemplifies well

8 Note, however, that while a certain degree of (anatomical) hyperconnectivity between sensory areas
may be sufficient to enable individuals to experience synesthesia, it is probably not necessary. Cohen
Kadosh et al. (2009) have been able to induce synesthesia using post-hypnotic suggestion within a
time-course that is simply too short to allow any new axons to grow. It is an open question whether the
procedure has increased functional connectivity, or facilitated the experience of synesthetic color via an
entirely different route. Synesthesia can also be induced by fast-acting hallucinogenic drugs (Hartman
and Hollister 1963) or anesthetics (Gregory 1988, 203).

® It should be pointed out that this is not unique to synesthesia. Behavioral as well as neuroimaging
studies have demonstrated this in the general population. For example, Conrad (1964) showed that in
a letter recall task, participants’ errors and confusions reflected the letters’ acoustic similarities, even
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the conclusions that we construct our perceived world, that our representations of the per-
ceived world are not mere copies of the external world, and that the visual system does not
operate like a simple camera. In fact, we could go as far as to say that perception is a fan-
tasy that happens to coincide with reality much of our waking time (Frith 2007). In other
words, perception is an inferential process. We make inferences about what is out there in
the world based on the best-available input and prior experience, but these inferences can
sometimes be wrong, resulting in perceptual illusions (Gregory 1980).

It seems that perception in synesthetes is perhaps even less constrained by the physi-
cal world. Note, however, that because synesthetic correspondences are usually consist-
ent over time, synesthetes can utilize these additional percepts in order to make sense
of the world around them (Sagiv, Ilbeigi, and Ben-Tal 2011). For example, when trying
to identify the voice of a speaker, they could be aided by the visual impression that it
evokes, in additional to the auditory experience of the voice itself. Like the rest of us,
synesthetes explore the world with their senses; however, their perceptual experiences
seem to be richer. There may be other ways in which perception and mental imagery
vary in the general population and it is important to keep in mind that we may not all
construct the perceived world in a similar manner.

Studying synesthesia may also yield insights into the construction of our social real-
ity. In order to navigate in this social world—to understand others and predict their
behavior—we must infer their mental states—their thoughts, feelings, intentions (e.g.,
Frith and Frith 2007), i.e., we must engage in “mentalizing” Amin et al. (2011) recently
proposed that grapheme personification (thinking about letters and numbers as if they
had gender, personality, and even mental states), may represent a case of benign hyper-
mentalizing, and tentatively suggested that this may be a form of “social synesthesia”
Whether one accepts this as a type of synesthesia in its own right (Simner and Holenstein
2007) or not, is less important than the interesting opportunity to look at social cogni-
tion and second-person approaches to understanding consciousness from a new angle.
It raises fascinating questions about the role of the self in understanding others, not only
by mirroring, but also via self-projection (for a discussion, see Sobczak-Edmans and
Sagiv, Chapter 12, this volume).

Additionally, synesthesia can also raise interesting questions concerning agency
and thought processes. For example, Dronkers et al. (2004) described a case of “tick-
er-tape” synesthete, who visualizes every word she hears. These letters and words don’t
have colors, but they are printed in a very particular font in front of her, like subtitles.
Intriguingly, she also visualizes her own thoughts in a similar manner and describes the
experience of reading her own thoughts as if she was a passive observer. She only knows
what her thoughts are, after reading them. Observations of such benign, yet anomalous

though those letters were visually-presented. Calvert et al. (1997) showed that silent lip reading—a purely
visual stimulus—activates primary auditory areas. Furthermore, Blakemore et al. (2005) found that some
of the somatosensory activations found in synesthetes when they saw someone else being touched, are
also present in the non-synesthete control group although they did not report any tactile experiences.
Nevertheless, in synesthesia such cross-modal interactions are common.
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forms of self-knowledge are rare. Indeed pathological failure to recognize one’s own
thoughts provided in a written format are even rarer (ffytche, Lappin, and Philpot 2004
describe a case of visual command hallucinations in a patient with pure alexia). Both
cases, however, offer us an opportunity to re-examine the problems of sense of subjec-
tivity and authorship of our own thoughts (Frith and Gallagher 2002)

CONCLUSION AND FUTURE DIRECTIONS

We reviewed here the case for looking at synesthesia as a model problem for the scientific
study of consciousness. We have described some of the areas in which synesthesia could
inform our understanding of consciousness, for example, looking for the latter’s neural
correlates. There are two areas in which synesthesias contribution could be transforma-
tive. One is the appreciation and study of individual differences in conscious experience.
The second is the course of development of conscious perception. Contemporary discus-
sions on consciousness largely focus on the common experience of adults and for the most
part ignore individual differences and the experiences of infants and children. We must
take development seriously if we are to understand consciousness. Understanding the role
of learning and the environment in the development of the different cognitive/perceptual
styles seen in synesthetes may well inform general as well as remedial educational strate-
gies (Simner and Hubbard, Chapter 4, this volume), as we understand the strengths as
well as weaknesses associated with different types of synesthesia (e.g., Ward, Sagiv, and
Butterworth 2009). Finally, understanding whether we could cultivate, enhance, or gener-
ate synesthesia may offer a way of opening the doors of perception to everyone.
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