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Abstract 

The aim of this article is to reposition synaesthesia as model system for understanding variation in the 

construction of the human mind and brain.  People with synaesthesia inhabit a remarkable mental 

world in which numbers can be coloured, words can have tastes, and music is a visual spectacle. 

Synaesthesia has now been documented for over two hundred years but key questions remain 

unanswered about why it exists, and how the study of synaesthesia might inform theories of the 

human mind.  This article argues we need to rethink synaesthesia as not just representing exceptional 

experiences, but as a product of an unusual neurodevelopmental cascade from genes to brain to 

cognition of which synaesthesia is only one outcome. Specifically, differences in the brains of 

synaesthetes support a distinctive way of thinking (enhanced memory, imagery etc.) and may also 

predispose towards particular clinical vulnerabilities.  In effect, synaesthesia can act as a paradigmatic 

example of a neuropsychological approach to individual differences. 

 

Keywords 

Synaesthesia/synesthesia; neurodiversity; consciousness; biomarkers; cognition. 
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Introduction 

 

The aim of this article is to reposition synaesthesia as model system for understanding variation in the 

construction of the human mind and brain.  People with synaesthesia inhabit a remarkable mental 

world in which numbers can be coloured, words can have tastes, and music is a visual spectacle. 

Synaesthesia has now been documented for over two hundred years (Jewanski, Day, & Ward, 2009) 

but key questions remain unanswered about why it exists, and what such conditions might mean for 

theories of the human mind.  The essential characteristic of synaesthesia is that it consists of two 

elements: the stimuli that trigger it (termed the inducer) and the synaesthetic experience itself 

(termed the concurrent) (Grossenbacher & Lovelace, 2001).  Synaesthetic experiences are also 

typically described as being involuntary or automatic, consistent over time, and percept-like in nature 

although these characteristics are not universally accepted (Price & Mattingley, 2013; Simner, 2012).  

Examples of synaesthesia include: grapheme-colour synaesthesia, where letters and numbers evoke 

experiences of colour (e.g. seen in the mind’s eye or projected on to the page); sequence-space 

synaesthesia where sequential concepts such as days, months or numbers are experienced as spatial 

configurations; and mirror-touch synaesthesia in which observing bodily sensations, such as touch, on 

other people evokes a similar sensation on the perceiver’s own body.   

 Any theory of the causes of synaesthesia must attempt to explain a set of key observations.  

Synaesthesia is very heterogenous in its manifestation and some people have multiple forms of 

synaesthesia.  What kinds of causal mechanisms can explain this heterogeneity?  Can a single causal 

pathway explain it?  People with synaesthesia have a distinctive profile on cognitive tests and 

questionnaires (e.g. enhanced memory, more vivid imagery, greater attention-to-detail).   But this 

profile is not strictly unique to synaesthesia – it can be observed in some neurotypical people who 

apparently lack synaesthesia and certain aspects of the profile are shared with other 

neurodevelopmental conditions (e.g. autism).    Does this imply that synaesthesia is a continuous trait 
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present in all people?  What is the direction of cause and effect between synaesthesia and its 

accompanying neurocognitive profile?  

This article argues we need to rethink synaesthesia as not just representing exceptional 

experiences, but as a product of an unusual neurodevelopmental cascade from genes to brain to 

cognition of which synaesthesia is only one outcome. Specifically, differences in the brains of 

synaesthetes support a distinctive way of thinking and, it is suggested here, that it is these 

neurocognitive differences - rather than the presence of synaesthesia per se - that should form the 

focus of future research.  

 

Specifically, this paper argues the following points: 

1) Synaesthesia is dichotomous in terms of its phenomenology: people either have it or they do 

not.  But the causes of synaesthesia – termed the synaesthetic disposition – may vary 

continuously throughout the population.  The causes of synaesthesia include genetic 

differences giving rise to differences in brain architecture. 

2) The synaesthetic disposition is assumed to be probabilistic rather than deterministic: a high 

synaesthetic disposition makes synaesthesia likely to develop rather than inevitable.  There 

are several important consequences of this.  Firstly, a high synaesthetic disposition may make 

synaesthesia emerge multiple times in the same individual if these probabilities play out 

independently across multiple brain regions.  But because synaesthesia is only one outcome 

of this neurodevelopmental process, these people will be more extreme in other ways too 

(e.g. cognitive profile, clinical vulnerability).  Secondly, the probabilistic nature means that 

some people will ‘look like’ a synaesthete (in terms of genes, brain, cognition) despite lacking 

synaesthesia.  

3) The synaesthetic disposition is a meaningful object of study in its own right.  It forces us to 

rethink the logic of synaesthesia research.  We tend to assume that neurocognitive differences 

found in synaesthetes exist because of the presence of synaesthesia.  It may, instead, be the 
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case that synaesthesia exists because it is but only one consequence of a broad suite of 

neurocognitive differences.  It is the neurocognitive differences themselves that are, for many 

research questions, the important object of study. 

 

This framework accounts for the heterogeneity of synaesthesia within a single framework, 

and it aims to place synaesthesia and (variation in) neurotypical cognition within the same framework.  

It differs from previous approaches that have centered on the relationship between synaesthesia and 

cross-modal correspondences.  Cross-modal correspondences are systematic associations across 

sensory features such as sour being sharp, and high pitch being bright (Spence, 2011).  The assumption 

in the current article is that cross-modal correspondences are an essential ingredient for explaining 

why synaesthesia takes on the particular characteristics that it does (e.g. why O tends to be white), 

but that it has little role to play in explaining the causal mechanisms of synaesthesia (i.e. why some 

people have it and other people do not).  As with other developmental conditions (e.g. Coltheart, 

2015), we can distinguish between proximal and distal causes where cross-modal correspondences 

have a proximal role in shaping the specific synaesthetic associations that emerge. 

Similar arguments have been made in an earlier paper (Ward, 2019).  The present article 

differs from this in several important ways.  It provides a more detailed account of how a synaesthetic 

disposition could be measured, and how the causes versus consequences of synaesthesia can be 

unpacked empirically (with specific testable predictions).  It provides a rebuttal of alternative 

viewpoints (e.g. the claim that different kinds of developmental synaesthesia have different causes), 

and it avoids repeating previous arguments about whether synaesthesia is adaptive from the 

perspective of evolution (for the latter see Ward, 2019). 

The structure of the paper is as follows.  The first section outlines evidence that synaesthesia, 

despite being very heterogeneous in its manifestations, may stem from a common 

neurodevelopmental cascade (a putative synaesthetic disposition).   The second section provides a set 

of criteria, with examples from the literature, for determining whether neurocognitive differences 
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linked to synaesthesia are likely to be a consequence of having synaesthesia itself or part of the 

neurodevelopmental cascade that causes synaesthesia in the first place.  The third section speculates 

on how a synaesthetic disposition could be practically measured in both people with and without 

synaesthesia.   The final section then focusses on the bigger question of how synaesthesia research 

can be repositioned to explore variation in the mind and brain, rather than synaesthesia itself being 

the primary object of study.   

 

Synaesthesia and the Synaesthetic Disposition 

 

How is Synaesthesia Linked to ‘Normal’ Cognition? 

The relationship between neurotypical cognition, experienced by the many, and synaesthesia, 

experienced by the few, has been debated for well over a century.  The American philosopher William 

James, in discussing the phenomenology of synaesthesia, said:  

“It [descriptions of synaesthesia] will fill the reader with a wondering sense of the complication 

of our mental workshop, and, by increasing his insight into the extraordinary diversities of 

inner scenery, so to speak, by which different men’s minds are characterized, it will tone down 

his hopes, if he ever had any, of a general union of all intelligences on a purely logical and 

articulable basis. Unformulable sympathies and repugnances amongst our ideas have more to 

do with our thinking than logicians will ever admit; but (with tolerance once established as the 

law of the land) probably human life will be much richer so than if this were not the case.” (p. 

92 James, 1894) 

The interpretation of this quote offered here is that there is a mismatch between the style of thinking 

of synaesthetes (based on inner scenery and associations between ideas) and theories of intelligence 

that are largely based on notions of abstract thinking and logic.  So what purpose can such rich ‘inner 

scenery’ serve?  There are two possible answers to that.  Synaesthesia may have no influence on 

cognition and serve no purpose (i.e. it is epiphenomenal).  The alternative is that the synaesthetic 
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‘mental workshop’ is a form of intelligent cognition in its own right, but not the one commonly known 

and studied. 

 In a recent theoretical paper I argue that both positions might be correct: synaesthesia can be 

both largely epiphenomenal and a sign of a distinctive form of cognition (Ward, 2019).  The crux of my 

argument lies in disentangling synaesthesia (its outward manifestation as, say, letters evoking colours) 

from the causes of synaesthesia, which I term the ‘synaesthetic disposition’.   The latter, more than 

the former, may be linked to a special cognitive profile and – more speculatively – have adaptive value 

in evolutionary terms.   In other words, what makes synaesthetes special is not because they have 

coloured sounds or tasty words, but because these symptoms are indicating a distinctive underlying 

profile (synaesthetic disposition) with broad implications for understanding the complexity of the 

human mind.  One could also refer to the synaesthetic disposition as a broader synaesthetic 

phenotype (Lalwani & Brang, 2019) or a general synaesthetic trait (Rouw & Scholte, 2016), where 

these terms are more neutral with respect to directions of cause and effect. 

The synaesthetic disposition is assumed to consist of three things: (1) a predisposing 

genotype, (2) giving rise to a particular brain architecture, and that (3) supports a distinctive cognitive 

profile.  Having a high synaesthetic disposition also gives rise to a high chance of having synaesthesia 

itself, but the two things can be dissociated.  For instance, although synaesthesia tends to be heritable, 

it is possible to have identical twins only one of whom has synaesthesia (Bosley & Eagleman, 2015).  

Despite these differences, my account predicts that the unaffected twin will resemble a synaesthete 

in terms of cognitive profile and brain architecture.  In effect, the neurodevelopmental cascade has 

‘stopped short’ of creating overt synaesthetic experiences in one person but, nevertheless, both may 

have atypical minds and brains (as well as atypical genes).  This has not been tested in identical twins 

but there is evidence that non-synaesthetic first degree relatives (who share half of their genes) 

resemble synaesthetes in terms of cognition (Ward & Filiz, 2020) and brain function (Colizoli, Murre, 

Scholte, & Rouw, 2017).  That is, non-synaesthetic relatives of synaesthetes have a general 
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resemblance to people with synaesthesia (and not just a specific resemblance to the synaesthete they 

are related to). 

 The question of whether synaesthesia is dichotomous (some people have it and others don’t) 

or continuous (everyone has it to a degree) is unresolved, and has been a barrier to significant 

progress.  A novel resolution is illustrated in Figure 1.  In effect, a synaesthetic disposition is a 

continuous dimension which determines the likelihood that synaesthesia will develop or not (as a 

dichotomy).  A further proposal is that a high synaesthetic disposition will not only bias towards the 

emergence of synaesthesia, it will bias towards synaesthesia emerging multiple times in different ways 

within the same individual.  Thus, the number of types of synaesthesia a person possesses can act as 

a proxy measure for their synaesthetic disposition.  That is, people with many kinds of synaesthesia 

are predicted to differ quantitatively (in terms of cognition, brain, genes) from people with fewer 

kinds, who themselves will differ from people with no synaesthesia at all (see also Sidoroff-Dorso 

2015, Rouw & Scholte, 2016).   
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Figure 1: A synaesthetic disposition represents a continuous quantitative dimension (top panel) that 

biases towards the presence/absence of synaesthesia (middle panel).  Furthermore, the stronger the 

disposition then the more likely synaesthesia is to emerge over and over again in the same individual 

(bottom panel), and the more extreme their phenomenology including whether they are likely to be a 

projector (P; experiences colours externally on text) or associator (A; experiences colours in minds eye). 

Adapted from Ward (2019). 

 

 In this view there is heterogeneity amongst synaesthetes that reflects both qualitative 

differences (the kinds of synaesthesia manifested) and quantitative differences (some synaesthetes 

are more extreme than others, e.g. as indicated by the number of kinds that they have).  The causes 

of the qualitative differences – why one person has tasty words and another has coloured sounds - 

are essentially unknown.  But the proposal discussed below is that these reflect largely random events 

albeit constrained by the structure of the brain (e.g. because the synaesthetic inducer and concurrent 

are adjacent to each; Hubbard, Brang, & Ramachandran, 2011) and biased by one’s own environment 

(e.g. culturally acquired written symbols and calendars).   By contrast, the number of types of 

synaesthesia is assumed to be non-random.  The stronger the synaesthetic disposition the more likely 

it is for synaesthesia to emerge, in the same individual, over and over again.  People with multiple 

kinds of synaesthesia have a more distinctive cognitive profile (e.g. Ward & Filiz, 2020) and can have 

more extreme clinical vulnerabilities such as high levels of autistic traits (Ward, Brown, Sherwood, & 

Simner, 2018).  The evidence for this is discussed in more detail later. 

 If people with multiple forms of synaesthesia differ from people with only a few, and people 

with a few differ from people with none, then one could argue that synaesthesia looks to be more 

continuous than dichotomous.  This is a reasonable objection, and the current framework attempts to 

accommodate elements of both positions without being contradictory.  The basic phenomenology of 

synaesthesia is assumed to be dichotomous, even though the underlying causes (i.e. a particular suite 

of neurocognitive differences) are not.  That is, people who have synaesthesia are united by a broadly 
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similar phenomenology (irrespective of whether they have few or many types) that differs from 

people who lack synaesthesia.  It is hard to imagine what an intermediate profile might be in terms of 

phenomenology (a hypothetical ‘half-synaesthete’), although it is much easier to imagine an 

intermediate profile by reference to a synaesthetic disposition (e.g. synaesthetic and non-synaesthetic 

MZ twins who are neurocognitively similar to each other despite differences in phenomenology). 

 

Is Synaesthesia One Thing or Many Things? 

In the basic proposal articulated above, synaesthesia is considered to be a unitary (umbrella) 

construct that is likely to emerge, in one form or another, in people with a high synaesthetic 

disposition.   In contrast to this view, Novich et al. (2011) argued that there might be different kinds 

of synaesthesia that reflect different genetic causes: that is, they propose a disunity in the causes of 

synaesthesia.  The two possibilities are contrasted in in Figure 2. 

 



11 
 

Figure 2:  What is the relationship between different types of synaesthesia and different genetic 

causes?  Ward (2019) proposed a unity model in which the genes give rise to a particular 

neurocognitive profile (synaesthetic disposition) which, in turn, gives rise to the emergence of many 

kinds of synaesthesia.  Novich et al. (2011) proposed a disunity model in which different types of 

synaesthesia emerge from different genetic influences. 

 

In reaching their conclusions, Novich et al. (2011) examined the pattern of co-occurrences of 

different types of synaesthesia and found, for instance, that grapheme-colour and sequence-space 

synaesthesia tend not to co-occur more than chance (in total they reported five clusters of types of 

synaesthesia that act in this way).  They concluded that statistical independence reflects independent 

genetic causes for these kinds of synaesthesia.  In the alternative account of Ward (2019) the putative 

‘synaesthesia genes’ convey a very general disposition to synaesthesia, and statistical independence 

emerges because of other influences.  These other influences could include random variation in the 

way that genes are expressed, noting that genetic influences on brain development will almost 

certainly fall short of specifying a precise wiring diagram (Mitchell, 2018).  They could also involve 

environmental influences, or gene-environment interactions. 

How could we test which account is correct?  Aside from molecular genetic methods, the two 

accounts make different predictions about the prevalence of people with multiple kinds of 

synaesthesia in the general population.  For Novich et al. (2011) a person with both grapheme-colour 

and sequence-space would be coincidental, occurring no more frequently than chance.  However, 

their analyses did not directly evaluate this hypothesis.  That is because they considered the 

probability that types of synaesthesia will co-occur conditional upon having 1 or more types of 

synaesthesia in the first place (so whilst they had an impressive N=19,133 synaesthetes they had N=0 

controls).   In the account offered here, genes are only important for getting beyond the 

neurodevelopmental hump of having 1 or more types of synaesthesia in the first place beyond which 

the type of synaesthesia manifested is essentially undetermined by genetics (see also Ward, 2019). 
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It is easier to illustrate this with a concrete example.  In our own database of synaesthetes 

(N=2433), we find the prevalence of letter-colour synaesthesia to be 59% and the prevalence of 

sequence-space to be 62%.  The dual co-occurrence that we observe is 37% for having both of these 

types of synaesthesia.  This observed value is exactly what would be expected if they were statistically 

independent (i.e. chance probability= .59x.62=.37; binomial p=.140).  This replicates the logic and 

finding of Novich et al. (2011).  But the figure of 37% is an extremely high number in comparison to 

what we might otherwise expect.  The prevalence of grapheme-colour and sequence-space in the 

general population is ~1.6% and ~8.1% respectively (Simner et al., 2006; Ward, Ipser, et al., 2018).  

Thus, we would expect any individual with grapheme-color synesthesia to have only an 8.1% chance 

of also having sequence-space synesthesia, and so forth.   In the general population, the expected 

probability of both occurring by chance is 0.016x0.081=0.0013 or 0.13%. So, within synaesthetes (i.e. 

conditional probabilities), grapheme-colour and sequence-space appear statistically independent but, 

when considered from the perspective of the general population (i.e. baseline or prior probabilities), 

they appear to co-occur together far more often than expected.  This is consistent with the notion 

that genes bias some people to develop one or more types of synaesthesia but in such a way that the 

genes do not determine the specific types that will develop.  It is for future research to assess this with 

careful assessments of prevalence for multiple kinds of synaesthesia.   

A related prediction concerns whether or not there is an aggregation of different kinds of 

synaesthesia within the same family.  For example,  a mother may have grapheme-colour synaesthesia 

and a son may have sequence-space synaesthesia.  According to the account proposed here this occurs 

simply because the same genes can produce different outcomes in different family members, but 

according to Novich et al. (2019) there should be no aggregation of different kinds of synaesthesia 

within families beyond chance levels.  These are testable predictions.   

 There are various caveats to the arguments presented here.  A hybrid account is conceivable 

by which one set of causal influences (genetic or otherwise) dictates who is likely to become a 

synaesthete and a second set of causal influences (as opposed to merely random events) dictates the 
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kinds of synaesthesia likely to emerge.  At present there are no known factors that explain why one 

kind of synaesthesia should emerge instead of another, but it is conceivable they will be found.  By 

contrast, others such as Mitchell (2018) have argued that genetic influences on brain development 

are not sufficiently precise to dictate specific cognitive outcomes (such as specific forms of 

synaesthesia) and that running the same genetic code twice (in MZ twins) is a noisy stochastic process 

that is not well-captured by traditional notions of ‘environment’.  In addition to further research on 

synaesthesia, the field is going to be informed by wider conceptual developments in linking genetics 

with cognition. 

 

Summary 

 This section has argued that synaesthesia is a unitary construct that, despite manifesting itself 

in multiple ways, is underpinned by a common set of causes.  These causes are termed the 

synaesthetic disposition and are attributable to differences in genes, brains and cognition.  The 

synaesthetic disposition is assumed to vary continuously within the general population.  Whereas 

synaesthesia is dichotomous (people have it or do not), synaesthesia can vary in terms of how extreme 

it is.  It is further proposed that people with a stronger synaesthetic disposition are likely to develop 

more extreme synaesthesia (more types of synaesthesia, more extreme phenomenology) as well as 

showing a wider suite of differences in genes, brains and cognition.  The next section discusses 

whether some of the cognitive and brain-based differences found in people with synaesthesia could 

come from the same underlying source (i.e. be part of a synaesthetic disposition) or whether they are 

a direct consequence of having synaesthesia itself.   

 

 

Making Sense of Cognitive and Brain Differences Linked to Synaesthesia 
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 This section will consider cognitive and brain-level differences linked to synaesthesia and 

discuss the extent to which these can be attributed to the synaesthesia itself or to an underlying 

synaesthetic disposition. 

 

Cognitive Differences in Synaesthetes 

 Synaesthesia has been linked to a wide variety of cognitive differences in memory, perception, 

visual imagery, and so forth.  Unpacking the causal relationship between synaesthesia and cognitive 

differences is not straightforward.  Here, it is suggested that there are at least four possibilities: 

1) Cognitive differences are traits that are part of a putative synaesthetic disposition 

2) Cognitive differences occur because synaesthesia alters or fine-tunes the relevant neural 

pathways as it emerges 

3) Cognitive differences are a result of directly making use of synaesthetic experiences (e.g. using 

synaesthetic colours as memory aids) 

4) Cognitive differences between synaesthetes and controls are artefactual.  They reflect, for 

instance, synaesthetes trying harder or differences in sampling methodology (e.g. cognitively 

atypical synaesthetes may be more likely to self-refer; Simner, 2019).  

This section will discuss various ways of disentangling these options empirically, with examples from 

the literature, and make testable predictions for future research. 

 According to the theory articulated above, if different kinds of synaesthesia are united by a 

common cause then there should be some cognitive differences that are found in all synaesthetes 

irrespective of the type of synaesthesia that they have (i.e. the first option above).  Moreover, the 

degree of cognitive difference should relate to the number of types of synaesthesia (because this is 

assumed to reflect the severity of the underlying synaesthetic disposition).  Another testable 

prediction is that these cognitive differences should be found, to some degree, in the non-synaesthetic 

relatives of synaesthetes.   
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These predictions were recently tested by Ward and Filiz (2020).  Synaesthetes, controls, and 

relatives of synaesthetes were given a battery of seven cognitive tests and questionnaires (episodic 

memory, embedded figures, remote associations, big five personality, two scales of autistic 

tendencies, mental imagery, sensory sensitivity).  Whilst each of these individual scores may be linked 

to small-to-moderate group differences, collectively it was hypothesised that they may predict much 

larger differences.  To this end, machine learning was used on the collective pattern of scores.  

Specifically, the k-nearest-neighbours approach (k-NN) takes each person’s set of scores and then 

ascertains (by Euclidean distances) who else in the dataset has a similar pattern of scores (but each 

person is never compared to themselves to ensure statistical independence).  If a person has many 

synaesthetes in their cognitive ‘neighbourhood’ then the algorithm classifies this person as a potential 

synaesthete.  The results showed that the more types of synaesthesia a person has then the more 

distinctive their cognitive profile (i.e. they are easier to classify).  Crucially, non-synaesthetic first 

degree relatives can be distinguished cognitively from non-synaesthetic controls; that is, they reside 

in cognitive neighbourhoods that contain more synaesthetes than expected.  It is to be noted that the 

cognitive differences within the group of synaesthetes was substantial: the Cohen’s d effect sizes, 

contrasting synaesthetes against controls, were 0.69, 1.42, 1.55 and 2.00 for having 1, 2, 3, and 4+ 

types of synaesthesia respectively.  These differences amongst synaesthetes occur despite the fact 

that all the synaesthetes were recruited in exactly the same way (so they can’t be dismissed by self-

referral bias; the fourth option above).   The explanation instead is that differences in the abilities 

tapped by these tasks (or some combination within these tasks) form part of an underlying 

synaesthetic disposition that determines the likelihood that synaesthesia will emerge, including the 

likelihood that it will emerge multiple times within the same individual.   

 Other kinds of cognitive differences linked to synaesthesia appear to show a different pattern 

that is specific to certain kinds of synaesthesia.  For instance, when particular kinds of synaesthesia 

emerge they may alter the local neurocognitive architecture so that, for example, the emergence of 

synaesthetic colours alters the efficiency of veridical colour perception (the second of the options 
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above).  In this case, there is a close relationship between the type of synaesthesia and the type of 

cognitive ability.  In order to assess this, one needs to test different kinds of synaesthesia on the same 

cognitive measures and show that there is a task X type of synaesthesia interaction.  Examples of 

research that are consistent with this approach are shown in Table 1.   For instance, enhanced colour 

perception is found in visual synaesthesias (grapheme-colour and sequence-space) but not mirror-

touch, whereas the reverse is true for tactile acuity (Banissy, Walsh, & Ward, 2009).  Sequence-space 

synaesthesia, but not grapheme-colour, is linked to enhanced ability to detect coherent motion and 

to detect low contrast high spatial frequency stimuli that are, to many other participants, invisible 

(Ward, Rothen, Chang, & Kanai, 2017).  That is, when particular types of synaesthesia emerge this 

might go hand-in-hand with fine-tuning of the relevant neural pathways.  This does not occur when 

other kinds of synaesthesia emerge (so would not be part of a synaesthetic disposition) or in the 

absence of synaesthesia.    One further testable prediction is that the narrower abilities shown in Table 

1 will not be found amongst non-synaesthetic relatives.   

 In most of the examples given in Table 1 it is logically hard to imagine how synaesthetes could 

deliberately use their synaesthesia as an aid to cognition (the third option).  How exactly does a 

grapheme-colour synaesthete use their coloured alphabet to detect subtle differences in an array of 

pink blobs presented for 200 msec (Banissy et al., 2013)?  Or how does a sequence-space synaesthete 

use their mental calendar to detect, on a computer screen, faint patterns of vertical lines that other 

participants cannot see (Ward et al., 2017)?  Nor are these kinds of abilities easy to explain away with 

generic accounts like motivation or being special, because many of the tests used signal detection 

approaches that show difference in ability rather than bias (where the latter tends to be linked to 

motivation).  The fact that they are specific to some synaesthetes on some tests (i.e. task X type of 

synaesthesia interaction) also suggests that ‘being special’ isn’t enough to account for the data (i.e. 

speaking against the fourth option).   A more likely explanation is that the emergence of synaesthesia 

sculpts the local neural circuits on which it sits leading to narrowly defined cognitive enhancements.   
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 The third possibility, like the second one, also predicts narrow benefits linked to synaesthesia 

that should be specific to the kind of synaesthesia experienced and should not be evident in the 

relatives of synaesthetes.  But here the benefits of synaesthesia should be highly context-dependent 

and amenable to experimental control. For instance, by presenting synaesthetes with strategies in 

which either their synaesthesia can be used or is much harder to use one could switch on/off the 

cognitive benefits.  One approach along these lines has been to present words in colours that are 

congruent or incongruent with their synaesthesia.  This manipulation has surprisingly little effect on 

tests such as memory for words where synaesthetes outperform controls in both conditions (Ward, 

Field, & Chin, 2019).  Moreover, the memory advantage of synaesthetes is equally strong for stimuli 

that are hard to verbalise (e.g. memory for snowflakes) and do not induce synaesthesia (Ward, Field, 

& Chin, 2019).  Thus, the overall evidence is that enhanced memory ability in synaesthesia is not linked 

to deliberate use of an advantageous strategy (not available to others).  However, it is theoretically 

conceivable that these strategic benefits are found in other situations, and it is up to careful testing 

to tease apart these different alternatives. 

 This basic approach can be extended to other cognitive domains where evidence is currently 

sparser.  For instance, there is evidence to suggest that people with grapheme-colour synaesthesia 

have better abilities in sound symbolism such as guessing whether an unfamiliar foreign word denotes 

‘large’ or ‘small’ (Bankieris & Simner, 2015; Lacey, Martinez, McCormick, & Sathian, 2016).  But is this 

a general feature of all kinds of synaesthesia?  Is it related to the amount of synaesthesia (rather than 

the types possessed)?  Is it found in the relatives of synaesthetes?  If the answer to these questions is 

‘yes’ then it would appear to be part of the synaesthesia disposition.  If, on the other hand, the effect 

is more circumscribed then we would draw other conclusions (e.g. strategic use, or enhancement of 

local circuits that are specific to that type of synaesthesia).   

 In addition to empirical explorations there are logical arguments to be made about likely 

causes and effects.  For instance, on purely logical grounds, does it make more sense that experiencing 

colours for graphemes would be helpful for making sound symbolic associations (e.g. deciding 
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whether the Tamil word “uratta” means loud or quiet)?  Or is it more logical to assume that an ability 

to form sound symbolic associations would contribute to the development of synaesthesia itself?  

Consider also mental imagery where, for instance, synaesthetes are more likely to give high vividness 

ratings to scenarios such as “imagine a bonfire”.  Is it logical that having coloured graphemes would 

enable you to vividly imagine a bonfire, or does it make more sense that a heightened capacity for 

mental imagery is helpful for synaesthesia to develop in the first place?  I have argued for the latter 

(Ward & Filiz, 2020) as have others (Price & Pearson, 2013).   

 In summary, there have been many traits that have been linked to synaesthesia and the aim 

of this section is to encourage researchers to think carefully about likely directions of cause and effect, 

and to study a wider pool of synaesthetes (varying in both types and amounts of synaesthesia) that 

will provide evidence to inform this debate.  But the claim is that at least some of the cognitive 

differences that are observed in synaesthetes are likely to be attributable to a synaesthetic disposition 

rather than synaesthesia itself. 

 

Table1 : A (non-exhaustive) summary of evidence of dissociations in cognitive performance when the 

same task/measure is given to different types of synaesthesia. ‘?’ implies that no known evidence is 

available for that group. 

 

 
Grapheme-

Colour 

Sequence-

Space 

Mirror-

Touch 

Evidence 

Colour 

Perception 

Enhanced Enhanced Normal (Banissy et al., 2013; Banissy et al., 

2009; Ward et al., 2017) 

Motion 

Perception 

Reduced/ 

Normal 

Enhanced ? (Banissy et al., 2013; van Leeuwen, 

van Petersen, Burghoorn, 
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Dingemanse, & van Lier, 2019; Ward, 

Ipser, et al., 2018) 

Tactile Acuity Normal ? Enhanced (Banissy et al., 2009) 

Contrast 

sensitivity 

Normal Enhanced ? (Ward, Ipser, et al., 2018; Ward et al., 

2017) 

Empathy 

(emotional 

reactivity) 

Normal ? Enhanced (Banissy & Ward, 2007; Banissy et al., 

2013; Ward, Schnakenberg, & 

Banissy, 2018) 

Arithmetic 

(multiplication) 

Normal Slower ? (Ward, Sagiv, & Butterworth, 2009) 

 

 

Brain Differences Linked to Synaesthesia 

 Synaesthesia is typically characterised in terms of exuberant connectivity (structural and/or 

functional) within the brain.  These include increased grey matter density around the intra-parietal 

sulcus and fusiform gyrus (Weiss & Fink, 2009), increased organisation of white matter tracts in 

regions such as the fusiform gyrus (Rouw & Scholte, 2007), and increased resting state BOLD functional 

connectivity between visual regions and other multimodal and non-visual regions such as auditory 

cortex (Dovern et al., 2012).  The reader is referred to reviews and critical discussions concerning 

evidence that the synaesthetes have differences in brain structure and function (Hupe & Dojat, 2015; 

Rouw, Scholte, & Colizoli, 2011).  The aim of this section is not to review this literature but to think 

more carefully about the logic of the conclusions that are drawn from this kind of research.  

Specifically, there is a tendency to conclude that any brain difference found in synaesthetes 

(compared to controls) exists because of the synaesthesia itself.  If a difference in the hippocampus is 

found, then perhaps this reflects the fact that synaesthesia is like a memory association.  If a difference 

in the parietal cortex is observed then this might be related to cross-modal binding (and so on).   This 
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kind of logic is called reverse inference - the tendency to infer the nature of cognitive processes from 

localized differences in brain structure or function (Poldrack, 2006).   Whilst this approach has 

significant limitations, there is a particular problem in the case of synaesthesia.  One needs to be very 

cautious in assuming that any of the differences found within the brains of synaesthetes are actually 

directly relevant to synaesthesia itself as opposed to all the other differences that co-occur with it.  

For instance, the synaesthetic disposition is likely to involve imagery, memory, autistic traits, and so 

on: and each of these must have some correlate in the brain.  Although we can learn important things 

from the previous neuroimaging research of synaesthesia, it is necessary to consider that, rather than 

reflecting differences that cause synaesthesia, the brain differences may reflect co-occurring cognitive 

differences.   

 The idea that the brains of synaesthetes are different beyond the synaesthesia itself is not 

completely new.  Ramachandran and Hubbard (2001) speculated as to how differences in inter-

regional brain connectivity might give rise to both synaesthesia and to other cognitive differences such 

as in creativity.  The proposal articulated here is very much in the spirit of those earlier claims, although 

it makes some different specific predictions.  Namely that there should be some features of the 

synaesthetic brain that are independent of the types of synaesthesia experienced but depend upon 

the degree of a person’s synaesthetic disposition (e.g. as measured by the number of types of 

synaesthesia).  Of course, there will additionally be differences related directly to the synaesthesia 

itself: thus, a person with three kinds of synaesthesia would be expected to have more differences in 

their brain than someone with one kind of synaesthesia.  This is partly a trivial difference related to 

having three pairs of regions affected (representing the relevant inducers and concurrents) versus 

one.  However, there is a non-trivial prediction that there will be other markers (global or local 

connectivity profiles) that go beyond this, and relate to the amount of synaesthesia and not just the 

types.  These markers should not only discriminate amongst synaesthetes (tracking those with many 

versus few types) but should also discriminate meaningfully amongst non-synaesthetes.  For example, 
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these markers should reveal differences between non-synaesthetic relatives and unrelated 

individuals; and track differences in cognitive abilities that relate to synaesthesia. 

 Synaesthesia research would benefit greatly by learning from other attempts at developing 

brain-based biomarkers (Woo, Chang, Lindquist, & Wager, 2017).  These include those derived from 

connectomics that make use of internationally recognised scanning protocols, such as the Human 

Connectome Project, and that facilitate data sharing and merging of data sets.  Some previous 

research in synaesthesia has used suitable connectomic measures that establish the validity of this 

approach (Dovern et al., 2012; Hänggi, Wotruba, & Jäncke, 2011; Tomson, Narayan, Allen, & 

Eagleman, 2013).  But this research has not been extended to develop biomarkers that are predictive 

in nature.  This requires separate training and test datasets (cross-validation) together with the 

development of an appropriate machine learning classification algorithm.  Moreover, as described 

above, it is essential to link these biomarkers with appropriate phenotypes relating to synaesthesia 

and the synaesthetic disposition. 

 

Summary 

 The two sections above have discussed whether differences in cognition and brain 

organisation found in synaesthesia are linked to synaesthesia itself or a putative synaesthetic 

disposition.  Although data is presently scant, specific proposals were presented for the kinds of data 

that would be relevant for tackling this issue. 

 

 

Defining and Measuring Synaesthesia and the Synaesthetic Disposition 

 

 This section considers how we can measure a synaesthetic disposition in synaesthetes and 

non-synaesthetes.  These are not just methodological considerations, but they also get to the heart of 
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how we define synaesthesia and understand it conceptually (e.g. its relationship to neurotypical 

cognition).   

 

How to Count the Number of Types of Synaesthesia 

One well-cited claim is that there are over 60 known types of synaesthesia (e.g. Day, 2005).  

However, it is also possible that many of these types might best be described as variations of the same 

thing.  For instance, synaesthetic associations can manifest themselves differently between colours 

and letters or numbers including experiencing colours when counting fingers on one’s hands (Ward & 

Sagiv, 2007), reading musical notes termed A-G (Ward, Tsakanikos, & Bray, 2006), reading Braille 

(Steven & Blakemore, 2004), or seeing sign language (Atkinson, Lyons, Eagleman, Woll, & Ward, 2016).  

These differences reflect cultural and environmental opportunities (e.g. to learn to read music or 

speak sign language).  Thus, whilst synaesthesia is extremely heterogeneous (60 is a likely 

underestimate) there may nevertheless be far fewer higher-order groupings.   

One important practical contribution from the Novich et al. (2011) paper, discussed 

previously, is that it provides some guidelines for how one could count the number of types of 

synaesthesia that a person has.  The five statistically independent clusters they identified were: 

coloured sequences (including grapheme-colour), sequence-space, sound-colour, coloured sensations 

(e.g. pain-to-colour), and non-visual concurrents (e.g. lexical-gustatory).  Thus, a person with both 

letter-colour and number-colour synaesthesia would have only one type of synaesthesia (subsumed 

within their category of coloured sequence synaesthesia).  To count it as two types would be double 

counting.  But a person with letter-colour and sequence-space synaesthesia would indeed be counted 

as having two kinds.    This has hitherto been an issue of no real consequence because no theories of 

synaesthesia considered this variable to be important.  But, in the account offered here, it is crucial 

that we develop methods for counting types of synaesthesia.   

 The recent studies conducted by our group used a similar minimalist approach that seeks to 

avoid double-counting although it was not derived from any sophisticated statistical analyses (Ward 
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et al., 2018; Ward & Filiz, 2020).  Four of the five types mapped closely to the Novich et al. (2011) 

taxonomy but we additionally included tickertape (visualising speech as spelled out; Holm, Eilertsen, 

& Price, 2015) and did not include their ‘coloured sensations’ category (that tends to be very rare).  

Other candidate subtypes include: hearing-motion synaesthesia (experiencing sounds when seeing 

movement; Saenz & Koch, 2008); mirror-sensory synaesthesia (feeling touch/pain when seeing others 

touched or in pain; Ward & Banissy, 2015); and grapheme-personification (associating genders or 

personalities to graphemes; Simner & Holenstein, 2007).  At present, it is unclear how these varieties 

cluster with other kinds of synaesthesia or, indeed, whether these types even fall within the same 

synaesthesia umbrella.  It is argued below that the notion of a synaesthetic disposition provides one 

practical solution for resolving that issue. 

 

Measuring the Synaesthetic Disposition 

Counting the number of types of synaesthesia a person has would be one potential way of 

ranking synaesthetes according to the putative synaesthetic disposition but it cannot be used for 

ranking non-synaesthetes (who would all be ranked equally at zero).  One solution for addressing this 

is to develop measures for a synaesthetic disposition within synaesthetes themselves and 

subsequently apply that measure to explore variation in non-synaesthetes.  Ward and Filiz (2020) 

reported a candidate cognitive marker of synaesthetic disposition, and the previous section discussed 

how one would search for a brain-based biomarker which is an equivalent approach in that domain.   

There are other measures that are related to the notion of a synaesthetic disposition.  Sidoroff-Dorso 

(2015) has created the Synaesthesia Quotient Inventory that is based on the principle that 

synaesthesia exists in more or less extreme forms, including the number of types that a person has.   

The cognitive marker of Ward and Filiz (2020) was called ‘neighbourhood density’ and, in 

essence, it measures how similar a given person’s pattern of scores is to other synaesthetes or controls 

in the dataset (on a 0-1 scale, with 0.5 reflecting ambiguity).  Relevant traits indicative of synaesthesia 

included high mental imagery, better word memory, high attention-to-detail, and high sensory 
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sensitivity.  Synaesthetes tend to have scores similar to other synaesthetes (i.e. tending towards 1) 

and this is particularly true of those with multiple kinds of synaesthesia.  Controls tend to have scores 

similar to other controls (i.e. tending towards 0), but there is considerable heterogeneity.  That is, 

some controls ‘look like’ a synaesthete (scores closer to 1), on the basis of which we would classify 

them as having a high synaesthetic disposition.  In this way, the neighbourhood density acts as a 

yardstick by which we can measure synaesthetic disposition in both synaesthetes and non-

synaesthetes.  

 But is this measure meaningful and useful?  One can only answer this question through further 

research.  Of course, some people may be misclassified for trivial reasons (insensitive tests, suboptimal 

classifiers, etc.).  However, this measure would be considered meaningful and useful if it made 

predictions that generalised beyond the information from which the measure was derived.  Specific 

predictions for future research are that people with a high synaesthetic disposition (whether they 

have synaesthesia or not) will be more likely: to have children with synaesthesia; have a distinctive 

brain architecture; be more vulnerable to clinical conditions that are linked to synaesthesia (discussed 

later); and show different patterns on novel experimental paradigms that were not included in the 

neighbourhood density measure (i.e. generalise to other cognitive domains).  Note that this 

clarification is important – “whether they have synaesthesia or not” – because at this point one is 

studying variations in the human mind and brain (albeit as revealed by synaesthesia) rather than 

studying synaesthesia in its own right. 

   

Defining Synaesthesia through Quantifiable Markers? 

 The concept of a measurable synaesthetic disposition might also take us closer to defining 

synaesthesia itself.  Simner (2012) notes how the definition of synaesthesia is circular.  Typically, 

researchers have a list of criteria (e.g. automatic, consistent, percept-like) and if a phenomenon meets 

the criteria then we call it synaesthesia.  It is circular because we, as a research community, get to 

choose the criteria ourselves (and disagreements are effectively a matter of judgment).  In contrast to 
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this approach, the measure of cognitive neighbourhood density (or an equivalent brain-based 

biomarker), is a quantifiable marker that is not closely tied to the characteristics of synaesthesia itself.  

Adopting this approach does require some ground truth about who has synaesthesia and who does 

not (e.g. based on consensual agreement).   But more contentious phenomena can then be considered 

in terms of the ‘objective’ (i.e. quantifiable) marker rather than being a matter of judgment.  For 

instance, one could develop a marker that accurately classifies people who self-report grapheme-

colour synaesthesia and pass a standard consistency measure – this being the gold-standard for a type 

of synaesthesia that is a well-accepted example.  But beyond this initial stage, the marker could then 

be applied to other groups such as people with mirror-touch, or people who self-report grapheme-

colour synaesthesia but fail the consistency test.  At this point, the decision about what ‘looks like 

synaesthesia’ is driven by the marker itself rather than the subjective judgment of researchers based 

on listed criteria.   

 There is, however, one key difference between what is being proposed here and what was 

suggested by Simner (2012).  Specifically, Simner (2012) assumed that there would exist a unique set 

of causes that would determine who would develop synaesthesia and who would not.  In the present 

account, there will never be a full one-to-one mapping between the cause of synaesthesia and the 

presence of synaesthesia if the cause – i.e. synaesthetic disposition - is continuous (rather than 

discrete) and probabilistic (rather than deterministic).  So there will be some people who appear to 

have the cause of synaesthesia (but lack synaesthesia) and some people with synaesthesia who appear 

to lack the cause (apparently ‘sporadic’ cases).  This necessitates a rethink about who and what we 

are studying, and why, as alluded to already (and returned to in the final sections). 

 

Synaesthetic Disposition is also linked to Extreme Phenomenology 

 It has been argued here that some synaesthetes are more extreme than others and that this 

is related to the number of types that they have.  However, the number of types of synaesthesia may 
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not be the only indicator of this tendency.  Individual differences in the phenomenology of 

synaesthesia (notably being a ‘projector’) may also indicate a more extreme profile.   

 The Projector-Associator distinction has been very influential in explaining individual 

differences in synaesthesia.  In grapheme-colour synaesthesia, projectors report seeing colours on (or 

around) the text itself whereas associators do not (Dixon, Smilek, & Merikle, 2004; Rouw & Scholte, 

2007).  Associators see the colours in their ‘minds eye’ or some ‘inner screen’ or simply ‘know’ rather 

than ‘see’ the colours (these differences within associators are rarely studied separately).  Although 

normally used with reference to grapheme-colour, this distinction is applicable to most other kinds of 

synaesthesia.  These differences in phenomenology are typically interpreted as qualitative differences 

(and this was indeed my own previous opinion).  Here a case is made for the claim that it also reflects 

quantitative differences. Projectors are more extreme, and being a projector is a more likely outcome 

of a high synaesthetic disposition.  By contrast, being an associator is linked to a more moderate 

synaesthetic disposition.   

 What evidence supports this claim?  Firstly, the phenomenology of grapheme-colour 

synaesthesia is related to the number of other types of synaesthesia a person has.  People with more 

kinds of synaesthesia are likely to localise colours on the text, and report that colours for text appear 

with greater involuntariness (Ward, 2019).  Correlations don’t imply causation, so there may be 

alternative accounts of this association.  But the account offered here is that the correlation between 

them reflects a single latent variable (synaesthetic disposition) that causes synaesthesia to emerge in 

more or less extreme ways.  A stronger synaesthetic disposition is linked to more kinds of synaesthesia 

and more extreme phenomenology (including being a projector).  Secondly, this proposal explains 

previous findings in a parsimonious way.  Rouw and Scholte (2010) found that grapheme-colour 

projectors were more likely to have structural MRI differences in non-visual sensory cortices (auditory 

and somatosensory cortex).  This is consistent with the view that projector synaesthetes are more 

likely to have additional kinds of synaesthesia that had not been documented.  It is also consistent 
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with the view that projectors simply have more widespread differences in their brains (whether these 

differences directly contribute to synaesthesia or not). 

 If there is a continuum between projectors(P) - associators(A) – neurotypical (NT) then there 

are testable predictions about how these groups will dissociate experimentally.  Specifically, we should 

only observe the following three patterns (where ‘>’ implies a significant difference and ‘=’ implies no 

difference): 

P > A = NT 

P > A > NT 

P = A > NT 

Whereas the following three patterns should not be found:  

A > P = NT 

A > P > NT 

A > NT > P 

There is wide-ranging evidence that the data does fall this way including from EEG (Cohen, Weidacker, 

Tankink, Scholte, & Rouw, 2015), TMS (Terhune, Tai, Cowey, Popescu, & Kadosh, 2011), functional 

and/or structural MRI (Rouw & Scholte, 2007; Rouw & Scholte, 2010; van Praag, Garfinkel, Ward, Bor, 

& Seth, 2016), and cognitive measures (Ward, Jonas, Dienes, & Seth, 2010; Ward, Salih, Li, & Sagiv, 

2007).  The only known contradictory evidence comes from structural MRI: Rouw and Scholte (2010) 

found that associators have more grey matter in right hippocampus relative to both projectors and 

neurotypicals (i.e. A > P = NT).  As such, this would be an important result to replicate or examine 

further because, on the surface, it speaks against a simple version of the proposal articulated here. 

 

Summary 

 This section has considered various ways in which one can measure a synaesthetic disposition 

and different ways of measuring individual differences amongst synaesthetes that might be relevant 

to that concept (including how to count the numbers of types of synaesthesia a person has).  The 
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challenge of defining synaesthesia in terms of a synaesthetic disposition has been noted (there isn’t a 

perfect mapping between them), but it nevertheless provides a useful means of determining which 

phenomenon fall under the synaesthesia umbrella.  Namely, markers of a synaesthetic disposition 

(genetic, brain or cognitive) can be used as a yardstick with which to objectively assess other 

synaesthesia-like phenomena.   

 

 

The Future of Synaesthesia Research 

 

 Research on synaesthesia, like much of psychological science, has become mired in 

controversies over replication, small sample sizes, and sampling methodology (such as self-referral 

bias).  These are very important issues for future synaesthesia researchers to address: and the tools 

for doing this are widely acknowledged.  These include data-sharing and meta-analyses, larger samples 

(e.g. via online testing), and greater upfront transparency.  However, the task of resolving these 

methodological issues is unlikely to be sufficient to attract and inspire the next generation of 

researchers into this field.  Instead there is a need to rediscover, and update, the bigger picture of 

synaesthesia research.  In their seminal paper, Ramachandran and Hubbard (2001) described 

synaesthesia as a “window into perception, thought and language” but where is that agenda now after 

twenty years?  What might we learn about the mind and brain when we peer through the window 

marked ‘synaesthesia’?  This paper represents a specific attempt to answer that question and set an 

agenda for further research (see also Ward, 2019).   

 

Synaesthesia: Cognition, Intelligence and Consciousness 

 Some researchers have argued that one of the reasons that synaesthesia is important for 

cognitive science is that it appears to be a subjective altered reality that is otherwise superimposed 

on a normal mind and brain (Cohen Kadosh & Henik, 2007).  This raises important scientific and 
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philosophical questions about what the function of perceptual experiences are and why, when and 

where the brain generates them (Gray, 2003; Sagiv & Frith, 2013).  However, the characterisation of 

synaesthesia as a kind of ‘dangling qualia’ that is attached to a neurotypical mind and brain is almost 

certainly incorrect.  Instead, synaesthesia should perhaps best be considered as a distinctive entity 

with its own cognitive profile and its own clinical vulnerabilities, underpinned by variations in brain 

structure and function that are, at least in part, genetically determined.  That is, the unusual 

experiences of synaesthesia are a product of an atypical mind and brain (where atypicality increases 

in a graded fashion).  This does not make the altered reality of synaesthesia a less interesting topic of 

study but, rather, such research should perhaps attempt to explain this altered reality in terms of a 

wider pattern of altered cognition.  This is generally the approach in other domains where, for 

instance, hallucinations in schizophrenia are typically understood from the wider perspective of other 

cognitive differences in those individuals (monitoring of self-generated thoughts, differences in 

perceptual decision-making, etc.; e.g. Sterzer et al., 2018).  But this has often not been the approach 

in synaesthesia research.  Instead there has been much focus on how and where inducers and 

concurrents are paired, as exemplified in the debate as to whether synaesthesia reflects cross-

activation or disinhibited feedback (Grossenbacher & Lovelace, 2001; Hubbard & Ramachandran, 

2005).  By thinking instead of the emergence of synaesthesia as being one of several outcomes of a 

different neurodevelopmental trajectory, then we can understand synaesthesia as a variation of 

cognition rather than a quirk of connectivity between inducers and concurrents.  The latter is 

essentially a redescription of synaesthesia in neural terms, rather than an explanation of it.   

If synaesthetes are not the same as everyone else, then how can studying them shed light on 

neurotypical cognition?  Synaesthesia does not appear to be a good model system when the question 

is posed in that way.  But the problem in framing it this way is that it sets up a monolithic notion of 

‘normal’ to which all other research must conform.  Instead, if we think of variation in neurotypical 

cognition then synaesthesia becomes one shade or variety of normal.  In effect, synaesthesia focusses 

research efforts on the multi-dimensional distribution of cognitive abilities rather than the central 
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tendency (the typical).  Synaesthesia can shed light on neurotypical cognition because, by its nature, 

it is a kind of alt-normal.  That is, it can be considered amongst the possible, albeit rare, versions of a 

normal cognitive system. 

 This article has speculated that synaesthesia has a distinctive neurocognitive profile.  

However, further research is needed to establish this and to understand what the characteristics of 

this profile is.  The synaesthetic disposition, as described by Ward and Filiz (2020), has parallels with 

other constructs notably notions of general intelligence but also the broad autistic phenotype 

(Sucksmith, Roth, & Hoekstra, 2011).   Rouw and Scholte (2016) found that synaesthetes did score 

higher on standard cognitive tests of intelligence, across a range of tasks, and irrespective of the type 

of synaesthesia (although it did not correlate with number of kinds of synaesthesia).  The synaesthetes 

were recruited opportunistically from the same sample as controls (i.e. it did not reflect a bias for self-

referred participants to be atypical).  With regards to the broad autistic phenotype, other studies show 

a link between synaesthesia and clinical (i.e. diagnosed) cases of autism, and sub-clinical autistic 

tendencies – reviewed in the next section.  Whilst the synaesthetic disposition may overlap with these 

concepts, it is unclear whether they are reducible to them (i.e. one and the same as).  For instance, 

whilst synaesthetes have a reliable tendency to think in mental images, this particular cognitive 

differences does not appear to be reducible to either general intelligence (Blajenkova, Kozhevnikov, 

& Motes, 2006) or autistic tendencies (Hughes, Ward, Gruffydd, Baron-Cohen, & Simner, 2018).   

 

Synaesthesia as an Intermediate Phenotype in Psychiatry  

Just as there has been a debate about how synaesthesia relates to neurotypical cognition, 

there is a parallel debate as to how it relates to atypical cognition including traditional psychiatric 

categories.  Synaesthesia has often been described as a ‘condition’.  This has typically been used to 

convey the notion of synaesthesia as a biologically real entity, but it clearly has the potential to carry 

other connotations (i.e. akin to a psychiatric or neurological disorder in its own right).   A middle 

ground is suggested here: namely that synaesthesia may constitute an intermediate phenotype.  An 
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intermediate phenotype carries the risk factors for certain conditions (e.g. genetic risk, 

neurophysiological characteristics), but is not pathological in its own right. Intermediate phenotypes 

are very important in psychiatry for breaking away from traditional monolithic diagnostic categories, 

and for developing theories that recognise the presence of clinically relevant symptoms in people who 

do not meet a diagnostic threshold (Liberzon, 2018; Meyer-Lindenberg & Weinberger, 2006).   

What is the evidence that synaesthesia is linked to certain clinical risks?  Carmichael, Smees, 

Shilcock and Simner (2019) assessed the prevalence of a wide variety of diagnosed health conditions 

in grapheme-colour synaesthetes and controls.  Most health conditions showed no association with 

synaesthesia (including depression, migraine, and ADHD), although in some cases the overall 

population prevalence was too low to have been sensitively detected by their study (e.g. 

schizophrenia).  These null results, assuming they are reliable, are important for constraining theories 

of synaesthesia.  An alternative hypothesis to the one proposed here is that the odds of having more 

symptoms is not due to strength of a putative synaesthetic disposition but is rather to having a greater 

number of genetic differences per se, or being neurodiverse in some very general way.  A specific 

association between synaesthesia (or a synaesthetic disposition) and particular symptoms / clinical 

outcomes would speak against this alternative view.  Carmichael et al. (2019) reported a statistically 

reliable (after correcting for multiple comparisons) and replicable association between synaesthesia 

and anxiety.  Their explanation, whilst tentative, revolved around shared genetic and neurological 

factors between synaesthesia and anxiety (i.e. similar to the synaesthetic disposition articulated here).  

Note, that they didn’t claim that the synaesthetic phenomenology (coloured letters and numbers) 

evokes anxiety in itself.   

 Other research has shown that grapheme-colour synaesthesia is a significant risk factor for 

the onset of PTSD in military veterans (Hoffman et al., 2019; Hoffman, Zhang, Erlich, & Boscarino, 

2012).  (PTSD was not included in the study by Carmichael et al., 2019).  One explanation is that PTSD 

is made more likely by the particular cognitive profile of synaesthesia of enhanced memory and vivid 

imagery (Ward, 2020).  On standard measures of autobiographical memory for non-traumatic events, 
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synaesthetes are more likely to endorse statements such as: “As I remember the event, I feel that I 

travel back in time when it happened as if participating in it again.  I feel as if I am reliving it.” (Chin & 

Ward, 2018).  These everyday memory characteristics of synaesthetes have obvious parallels with 

flashbacks in PTSD.  Note that the postulated causal link is that the characteristics of the synaesthetic 

disposition acts as a vulnerability to PTSD rather than the alternative view that having coloured 

graphemes causes PTSD (or vice versa).  A testable prediction is that the observed links between 

grapheme-colour synaesthesia and conditions such as anxiety and PTSD will be observed in all kinds 

of synaesthesia and will be particularly apparent in people with a more extreme profile of 

synaesthesia.   

 Multiple studies have now established a link between autism and synaesthesia in terms of co-

morbidity (a genetic link is not yet established, Tilot et al., 2019).  Synaesthesia is more prevalent in 

people with a diagnosis of autism (Baron-Cohen et al., 2013; Neufeld et al., 2013) and autistic 

behavioural traits are more pronounced in verified synaesthetes (van Leeuwen et al., 2019; Ward, 

Brown, et al., 2018).  However, the association between the two is rather specific.   Synaesthesia is 

particularly prevalent in certain people on the autism spectrum, such as those reporting savant 

abilities such as superior memory or perfect pitch (Hughes, Simner, Baron-Cohen, Treffert, & Ward, 

2017).  Moreover, certain autistic traits appear to be more strongly elevated in people with 

synaesthesia than others (van Leeuwen et al., 2019; Ward, Brown, et al., 2018).  Notably synaesthetes 

score particularly high on the traits of attention-to-detail and sensory sensitivity relative to socio-

communicative problems.  Increased autistic tendencies are found for all kinds of synaesthesia 

(studied so far) and are related to the number of types of synaesthesia experienced.    The explanation 

for this link remains for future research, but candidate ideas include a similar profile of brain 

connectivity (e.g. shift from global to more local connectivity patterns), or that both conditions have 

increased neural noise and brain excitability (for discussion see van Leeuwen, Neufeld, Hughes, & 

Ward, 2020).  In effect, synaesthesia and autism may be two different outcomes from a similar 

neurodevelopmental cascade.  The neurodevelopmental cascade acts as a shared latent variable so 
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that one doesn’t need to assume that autism causes synaesthesia or that synaesthesia causes autism.  

One prediction is that brain-based biomarkers that have been developed to classify autistic from non-

autistic brains should perform significantly above chance at classifying synaesthete from non-

synaesthete brains and vice versa (and similarly if one uses predictive regression on a continuous 

variable instead of binary classification). 

 In summary, the existing evidence suggests that there is a link between synaesthesia and 

clinical vulnerabilities.  The link is specific.  It relates strongly to some conditions (e.g. autism, anxiety) 

but weakly or not at all to others (e.g. migraine, depression; for further evidence for these conditions 

see also Jonas & Hibbard, 2015; Rich, Bradshaw, & Mattingley, 2005).  All current explanations of these 

associations argue that it is driven by the wider profile of differences found in synaesthesia (genetic, 

neural, cognitive) – i.e. the synaesthetic disposition.  Synaesthesia does not require treatment because 

it is unlikely that the synaesthesia itself (e.g. tasty words, coloured numbers) is the causal trigger of 

any clinical symptoms.  Instead, the presence of synaesthesia acts as an indicative marker of risk for 

several clinically important traits. 

 

Who are we Studying and Why? 

 This final section considers how synaesthetes might be selected for future research purposes, 

that is a logical extension from the previous arguments around heterogeneity. To illustrate this in 

concrete terms, consider these two hypothetical synaesthetes: 

 

Synaesthete 1: This person experiences colours for the days of the week.    They describe 

knowing the colours rather than seeing them, although the colour associations are precise (e.g. lime 

green Tuesdays). 

Synaesthete 2: This person has colours for graphemes (projected on to the text) as well as 

coloured pain and coloured music.  They experience the calendar as a spatial landscape and 

occasionally taste words. 
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Both individuals pass conventional diagnostic tests of synaesthesia and would meet most conventional 

checklist criteria.  But who should we be studying?  Of course, this would depend to a large degree on 

the question being posed.  However, there is good reason to believe that Synaesthete 2 will have a 

more distinctive cognitive profile (Ward & Filiz, 2019) and be more susceptible to conditions such as 

autism (Ward et al., 2018).  One counterintuitive conclusion is that smaller samples could potentially 

be justified if one were focussing on more extreme synaesthetes such as Synaesthete 2 because larger 

effect sizes can reasonably be expected (assuming the design is to compare differences between two 

groups).  There could be other reasons that one might include Synaesthete 1; for instance, to show 

experimentally that any differences are indeed related to the amount of synaesthesia (rather than 

presence of synaesthesia per se).  But, in that approach, Synaesthete 1 would effectively be acting as 

a within-synaesthesia control group, rather than having equal status in the sample as Synaesthete 2.  

This would be helpful for discounting claims that there are very generic differences associated with 

the presence of synaesthesia per se (e.g. that any performance differences reflect motivation). 

 Would the answer be the same if it turned out that people like Synaesthete 1 were ten times 

as common as people like Synaesthete 2?  I would argue that the answer would be the same.  

Ultimately, a case is being made for purposive sampling – i.e. participants are selected because they 

are well suited to speak to a particular research question. Thus, whether they are common or rare is 

irrelevant.  There might be other kinds of research questions that yield different answers.  But, if the 

research question is along the lines of using synaesthesia to understand variation in the mind and 

brain, then this article makes a case for sampling from the extreme (for a related argument in 

neuropsychology see McIntosh, 2018).   

This is a significant departure from previous thinking.  Not all synaesthetes are equal and more 

‘extreme’ synaesthetes should perhaps be the focus of research efforts because they speak most 

strongly to the scientific question of variation in the human mind and brain.  Similarly, there might be 

some non-synaesthetes with a very high synaesthetic disposition - if we could measure it - that would 
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be important test cases.  For instance, the prediction is that these people would be likely to have 

synaesthetic children, show similar clinical vulnerabilities to synaesthetes, etc.  In effect, this new 

framework proposes a transition from studying synaesthesia per se (presence/absence of exceptional 

experiences) towards additionally studying high versus low synaesthetic disposition (variation in 

neurocognitive development as revealed by synaesthesia). 

 

Conclusion   

This article has argued that synaesthesia has strong biological roots in genetics and brain 

architecture, but the way that it is manifested is extremely heterogenous and is largely culturally-

embedded.  For instance, grapheme-colour synaesthesia is unlikely to exist in the absence of literacy 

and, hence, it will not have existed for the vast majority of human history (Ward, 2019).  So why would 

anybody devote time to studying it?  In the account proposed here, the presence of a trait such as 

grapheme-colour synaesthesia acts as a reliable signal of a particular kind of neurodiverse phenotype: 

this is the window that synaesthesia provides into big-picture questions.  Thus, it is an understanding 

of the neurodiverse phenotype itself – including the synaesthetic disposition – that constitutes the 

future research goal for this field.  There exists, in opposition to the majority, a different way of 

experiencing the world, that is linked to a distinctive cognitive profile, different clinical vulnerabilities, 

and that impacts upon numerous lifestyle choices (e.g. careers, hobbies).  In studying synaesthesia we 

are not studying the normal mind and brain: instead we are redefining what that concept means using 

twenty-first century research tools. 
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