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Abstract

Synaesthesia and absolute pitch (AP) are two rare conditions that occur more frequently
within populations of artistic professionals. Current thinking surrounding synaesthesia and
AP and their relationship to music perception form the focus of this article. Given that
synaesthesia has rarely been discussed in the music literature, the article surveys and
consolidates general neurobiological, psychological, and behavioural evidence to
summarise what is currently known on this topic, in order to link this back to the
conditions that most relate to music. In contrast, research on AP is now well established in
the music literature, but the important gap of linking AP to other conditions such as
synaesthesia has yet to be fully explored. This article investigates the potential
relationship between synaesthesia and AP for musicians who possess both conditions by
systematically comparing the definitions, classifications, prevalence, diagnoses, and
impacts on music perception of synaesthesia and AP and provides insights into the
varying states of the literature and knowledge of both conditions. In so doing, this article
aims to facilitate a greater understanding of music and auditory forms of synaesthesia and
their interaction with AP and encourage increased research effort on this important topic.
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What might it be like to hear a musical stimulus and automatically link it with a particular
taste, or read musical notation and involuntarily internalise the score through images or
colours? Alternatively, what might it be like to hear a tone and know exactly what pitch
was being played without any external reference being involved? As will be shown in this
article, two abilities related to the above phenomena—synaesthesia and absolute (or
perfect) pitch—are relatively rare conditions among the normal population, but
comparably much more common within a population of music professionals.

In order to explore the above questions, this article examines current thinking surrounding
synaesthesia and absolute pitch (AP). Given that synaesthesia has rarely been discussed in
the music literature, it considers general psychological research in order to link this back
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to the conditions that most relate to music. In contrast, the literature on AP is now well
established, but the important gap of linking AP to other conditions such as synaesthesia
has, to date, not been adequately explored. Consequently, research on the relationship
between these two conditions forms an important part of the following discussion.

To investigate the potential interaction between synaesthesia and AP for musicians who
possess both conditions, it is necessary to start by identifying what synaesthesia and AP
have in common, or what differentiates these two conditions from each other. Table 1,
which is based on a detailed summary by Glasser (in press), provides a starting point by
comparing how synaesthesia and AP are defined, classified, occur within the community,
can be diagnosed, and how they may impact on music perception.

Table 1. A comparative table of the definitions, classifications, prevalence, diagnoses, and impacts on music

perception of synaesthesia and absolute pitch (based on Glasser, 2018, in press).

Synaesthesia

Absolute Pitch

Definition

Classification

Prevalence

Diagnosis/Test

Synaesthesia,
AP, and music
perception

A perceptual phenomenon in
which the stimulation of one
sensory or cognitive pathway
leads to involuntary experiences
in a second sensory or cognitive
pathway.

Classified as developmental,
acquired, or artificial.
Developmental synaesthesia can
be further classified as either
perceptual or cognitive, and
unimodal, bimodal, or
multimodal (see Figure 1).
~4.4% of the general
population.

Generally done by means of
consistency tests and/or self-
report.

General studies of synaesthesia,
creativity, and artistic ability
exist, with a paucity of
published studies to date that
have specifically looked at the
influence of synaesthesia on
music perception.

The ability to label or produce a
note of a given pitch in the absence
of a reference note, with AP
possessors providing pitch labels
rapidly and effortlessly.

Classified according to the extent
of the AP ability: subgroups
include AP1-4 and Groups A-C. To
date, consensus on a standardised
classification system has not been
reached.

Relatively unknown in the general
population. Estimates vary between
4%-65% of music sub-populations.
Pitch-labelling of piano and/or pure
tones; no consensus on criteria.

The performance of AP possessors
on tasks related to high-level pitch
processing differs from the
performance of non-possessors,
with enhancements for AP
possessors in pitch memory,
musical dictation, and interval
identification, while relative pitch
processing is negatively impacted.



Definition
Synaesthesia

The word synaesthesia (also spelt “synesthesia”) is derived from the Greek

words syn (union or join) and aesthesis (sensation or perception): literally meaning joint
perception, or a union of the senses (Cytowic, 1989, 2002). The term synaesthesia,
however, signifies different notions, realities, particularities, and perspectives to different
people in different contexts, which in the research literature are described according to
three possible forms of synaesthesia (see Figure 1). The first two forms of synaesthesia are
classified as authentic, whereby the synaesthetic percepts experienced by the synaesthete
are involuntary (Cytowic, 1989, 2002). In contrast, artificial synaesthesia, the third form,
is characterised by deliberate associations (T. L. Hubbard, 1996):

Developmental synaesthesia: innate or developmental, and without known aetiology.
2. Acquired synaesthesia: caused by neuronal degeneration, cerebral or spinal cord
lesion, temporal lobe epilepsy, release hallucinations, sensory deprivation, meditative
focus, environmental conditions such as elevated levels of stress, or through the
consummation of psychoactive drugs.
3. Atrtificial synaesthesia: such as artistic metaphor and learnt associations.
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Artificial Synaesthesia

Authentic Synaesthesia
Cultural or Artistic

Voluntary or intuitive associations
embracing the concept of sensory fusion.

Neurological condition — A unimodal
stimulation induces a multimodal perception.

TR

Developmental Synaesthesia Acquired Synaesthesia
(Idiopathic) (Non-Idiopathic)
Innate condition which is stable, Caused or acquired by known
persistent, and without known aetiology. conditions or circumstances.
Perceptual Synaesthesia Cognitive Synaesthesia
Cross-sensory percepts Categorical or Conceptual
a. Bimodal, unidirectional a. Bimodal, unidirectional
b. Multimodal, including b. Multimodal, including
bidirectional bidirectional
c. Unimodal

Figure 1. Graphic representation of the different forms of synaesthesia (author depiction).

Notwithstanding the richness of synaesthetic experiences outlined in Figure 1, the focus of
this article is on cases of developmental synaesthesia: a rare neurological condition in
which the stimulation of one sensory or cognitive pathway leads to an automatic,
involuntary experience in a second sensory or cognitive pathway. As such, the stimulation
of one sense modality automatically triggers a sensorial perception in another modality,
which occurs in the absence of the direct stimulation of this second modality (Baron-
Cohen & Harrison, 1999). The triggering stimulus is known as the inducer, while the
resultant synaesthetic experience is referred to as the concurrent (Grossenbacher, 1997).
Although it is referred to as a neurological condition, synaesthesia does not generally
interfere with normal functioning, and this label is more a reflection of the neurological
basis of the perceptual differences that characterise synaesthesia, in a similar manner to
AP.

People with synaesthesia are referred to as synaesthetes, and the range and variety of their
experiences is vast. For example, a synaesthete may perceive numbers and letters as
coloured (known as grapheme-colour synaesthesia), or perceive musical pitches as having



distinct flavours (musical note-flavour synaesthesia). Learnt semantic categories such as
letters, numbers, or days of the week are the most frequent stimuli (Hochel & Milan,
2008), which then lead to sensory experiences such as the perception of synaesthetic
colour or flavour (Hochel & Milan, 2008).

Absolute Pitch

AP is the ability to label or produce a note of a given pitch in the absence of a reference
note, with AP possessors providing pitch labels rapidly and effortlessly (Deutsch, 2013).
AP is alternatively known as perfect pitch, although the label “perfect” is misleading as
AP abilities are present in varying degrees among individuals (Deutsch, 2013; Miyazaki,
1988; Takeuchi & Hulse, 1991; Wilson et al., 2009). AP is distinguishable from relative
pitch (RP), which is a common ability learnt through musical training, in which the pitch
of a tone is inferred by comparing it to an external reference tone (Theusch et al., 2009).
Because many historical musical talents, such as Wolfgang Amadeus Mozart, are known
to have been AP possessors, it is often regarded as an extremely desirable trait, or even as
a “musical gift” that only occurs in exceptionally gifted individuals (Gagné & McPherson,
2016; W. D. Ward, 1999).

Classification
Synaesthesia

There are two distinct types of developmental synaesthesia: Perceptual

synaesthesia describes perceptions in which the inducers are sensory stimuli (such as
sound), while in cognitive synaesthesia, the concurrents are induced by perceiving
particular concepts (such as numbers; Grossenbacher & Lovelace, 2001; Robertson &
Sagiv, 2005). Questions arise, however, as to the exact role of high-order cognition in the
synaesthetic inducers. Initial studies undertaken to address this question have examined
cases of grapheme-colour synaesthesia and observed that although there are documented
exceptions, it does appear that the majority of synaesthetes are insensitive to variations of
the form of individual graphemes and are therefore processing the linguistic function of
the grapheme (Grossenbacher & Lovelace, 2001; Smilek et al., 2002).



In cognitive synaesthesia, there is the possibility that certain forms of synaesthesia may
be unimodal, that is, that both the inducer and the concurrent belong to the same sense
(such as in grapheme-colour synaesthesia, as has been previously established).
Nevertheless, and as depicted in Figure 1, there are also two other subclassifications that
can be applied to both perceptual and cognitive

synaesthesia: bimodal and multimodal forms.

Bimodal synaesthesia is a unidirectional crossing of two sensory or cognitive pathways
(e.g., auditory-visual, but not the inverse), while multimodal synaesthesia is the term used
to describe the crossing of three or more sensory or cognitive pathways (such as when
specific musical sounds induce not only colours, but odours as well for the same
synaesthete). In rare multimodal cases, synaesthetes can experience truly eclectic sensorial
experiences. Note also that all bidirectional forms of synaesthesia, such as when musical
tones not only induce colours but inversely when colours induce musical tones for the
same synaesthete, are classified as types of multimodal synaesthesia and are thus
differentiated from bimodal synaesthesia. Bidirectional synaesthesia is highly unusual and
equally a rare occurrence (Schénenberger & Burela, 2007).

Absolute Pitch

AP possessors have been classified according to the extent of their AP ability. In a large-
scale survey of music students, Baharloo et al. (1998) developed a simple computer-based
acoustical test that allowed them to subdivide AP possessors into four distinct groups.
Individuals who were able to label any pitch regardless of timbre and spectral region were
termed AP1 possessors. Individuals who performed at a significantly above-chance level,
but who performed at a lower level for pure tone labelling than AP1 possessors, were
termed AP2 or AP3 possessors, determined by the distribution of scores. AP4, the fourth
category, comprised possessors those whose pitch perception for pure tones was
significantly lower than for individuals in the other three categories, although their pitch
perception for piano tones remained elevated.

In a separate study by Miyazaki (1990), subjects were classified into three subgroups
according to their accuracy of response on an AP test. While all subjects were classified as
AP possessors, the subgroups were obtained based on their accuracy of response: Group A
obtained > 90% accuracy, Group B obtained 70%—-90% accuracy, while Group C

obtained < 70% accuracy. These results suggest that the accuracy of pitch identification is



significantly different among different pitch classes, with this difference of identification
accuracy being the most pronounced in Group C. For subjects in Group C, there was a
highly significant effect of note category on their ability to correctly label pitch. White-
key notes (without accidentals) were correctly identified at a level comparable to that of
Group B, whereas their ability to correctly label black-key notes (notes with accidentals)
was markedly inferior. This effect was moderately significant for Group B, but only
marginally significant for Group A. This improvement in performance on an AP test for
white-key notes was equally observed in a previous study by Miyazaki (1988).

To date, no consensus on a standardised classification system for AP has been reached:;
there is no universally accepted accuracy of response cut-off, and no relationship between
the various subgroup classification systems that have been developed.

Prevalence
Synaesthesia

Synaesthesia is a relatively rare condition. Historical estimates based on self-report
measures of the prevalence of synaesthesia varied widely. More recently, the first random
sampling study on the condition estimated synaesthesia to occur in as high as 4.4% of the
population (Simner, Mulvenna, et al., 2006). There are currently more than 80
documented forms of synaesthesia, with the most prevalent form being grapheme-colour
synaesthesia. Evidence shows that between 82% and 88% of all forms of synaesthesia are
triggered by language units such as graphemes, phonemes, and words (Niccolai et al.,
2012; Simner, Glover, et al., 2006; Simner, Mulvenna, et al., 2006). The second most
prevalent form is spatial-sequence synaesthesia, whereby time-related words are perceived
in a spatial location, and this has been found to occur in up to 62% of cases (Niccolai
etal., 2012).

The best-known music inducing form is music-colour synaesthesia, in which a musical
stimulus (the inducer) elicits a colour perception (the concurrent). This type of truly cross-
modal linking is often considered a paradigmatic example of synaesthesia, even though it
is less common than other types. Estimations on the prevalence of music-colour
synaesthesia within the synaesthete population vary between studies, being reported at
41% in a recent study by Niccolai et al. (2012), which is higher than the 25% and 18.7%



reported by Rich et al. (2005) and Barnett et al. (2008), respectively. Sound-colour
synaesthesia (non-musical) is also quite common and has been found to occur in 33% of
synaesthetic occurrences (Niccolai et al., 2012). As becomes obvious with these estimates,
it is common for synaesthetes to experience two or more types of synaesthesia, with one
report showing that this occurs in approximately 81% of the synaesthetic population
(Niccolai et al., 2012).

Absolute Pitch

The prevalence of AP in the general population is unknown. It is frequently cited in the
literature as being estimated to occur in less than 1 in 10,000, or 0.01% of the general
population (Bachem, 1955); however, this estimate, regardless of the prevalence of its
citation, is not substantiated by published data. More recent studies have focused on the
prevalence of AP in musician subgroups, with data gathered from these international
studies suggesting rates in these subgroups ranging from 4% to 65%, with variations
attributed to factors including genetic, ethnic, and/or language backgrounds, as well as the
age of onset of musical training (Deutsch et al., 2006; Leite et al., 2016; Miyazaki et al.,
2012. For an overview, see Carden & Cline, 2019). Regardless of the population studied,
the rarity of AP is perplexing, leading to suggestions that the lack of AP is analogous to
colour anomia, in which patients can discriminate between colours, but are unable to
associate them with verbal labels (Deutsch, 2013).

Diagnosis/Test
Synaesthesia

Historical reports of synaesthesia relied on case study descriptions; however, efforts in the
1980s to study synaesthesia objectively led to the development of measures of test-retest
consistency (Baron-Cohen et al., 1987). Indeed, the consistency of concurrents measured
over long time intervals is the behavioural gold standard assessment for detecting
synaesthesia (e.g., Simner, Mulvenna et al., 2006). More recently, the effectiveness of
single session tests of consistency in identifying synaesthetes have been validated, by
comparing them to established longer retesting methods (Carmichael et al., 2015). Indeed,
consistency testing may not be able to reliably identify every type of synaesthesia, nor
every type of synaesthete (Simner, 2012), and for this reason, personal reports from



synaesthetes should be used with measurements where appropriate (Ward, 2013). Certain
music-induced forms of synaesthesia, such as tone-colour or instrument timbre-colour, are
able to be tested using standardised online diagnostic tools (Eagleman et al., 2007);
however, many forms of music-induced synaesthesia (such as those induced by stylistic or
genre characteristics, or those for which the concurrent is not colour) still rely on self-
report methods.

Absolute Pitch

The previous discussion of the classification of AP possessors highlights the variance that
exists within the classification process. Beyond outlining different ways in which AP
possessors can be classified, it demonstrates that there is a lack of consensus in the field as
to what does (or perhaps more importantly what does not) classify as a benchmark for AP
possession. Indeed, while the pitch-labelling ability of AP possessors is generally
recognised as its behavioural manifestation, different identification methods and criteria
have been used in research studies, and no consensus has been reached as to the criteria to
be applied to its identification (Sergeant & Vraka, 2014).

AP tests usually consist of a series of piano and/or pure tone notes being played to
participants with no feedback and no ability to check responses (Baharloo et al.,

1998; Miyazaki, 1988, 1990). The time lapse between notes, the length of notes played,
the number of notes, and the delivery of those notes vary between studies. Some tests are
performed face to face (Baharloo et al., 1998; Deutsch et al., 2006, 2009; Wilson et al.,
2012), while others are completed online (Athos et al., 2007; Bermudez & Zatorre, 2009).
Importantly, the reliability of online tests is open to scrutiny, given that there is no reliable
way of assuring no aides are used during the test (such as having a keyboard or tuning
device at the participants immediate disposal).

Synaesthesia, AP, and Music Perception
Synaesthesia

In addition to the prevalence of synaesthesia within the general population, the reported
high incidence of synaesthesia among artistic professionals and people with creative
hobbies is an additional demographical aspect that was confirmed in the previously



mentioned large-scale study by Rich et al. (2005). It must be noted, however, that Rich
and colleagues did not suggest causality in their study, stating

Having synaesthesia may predispose one toward being artistic; alternatively, people with
an artistic predisposition may be more likely to have synaesthesia. It is also possible that
some other factor or set of factors, as yet unknown, may influence the development of both
synaesthesia and artistic talents. (p. 78)

These researchers did, however, establish that 24% of the synaesthetes they questioned
were professionally engaged in the arts, as compared to a general population rate of only
2% (Hochel & Milén, 2008). Other studies have also shown similar results (Cytowic,
1989; Domino, 1989; Niccolai et al., 2012; Ramachandran & Hubbard, 2001b). A study of
arts students found that 7% of the sample were synaesthetes, compared to 2% of the
control sample (Rothen & Meier, 2010), suggesting that synaesthesia may be more
prevalent in arts students, thus tying in with previous research into the higher prevalence
of arts professionals within the synaesthete population. These studies have led to
suggestions as to the possible links between synaesthesia, metaphor, creativity, and the
origins of language (Domino, 1989; Ramachandran & Hubbard, 2001b; Sitton & Pierce,
2004). Apart from professional engagement, Niccolai et al. (2012) further indicated that
68% of the respondents in their study were artistically active, and an interest in the arts
was frequently reported. Interestingly, 78% of participants in this study indicated that their
synaesthesia was an advantage in creative jobs, memorising, learning, or calculating.
Participants further described themselves as skilled at painting, learning, foreign
languages, and memorisation but poor in their abilities in mathematics, tasks involving
sustained concentration, spatial imagination, and spatial perception.

Apart from general studies of synaesthesia, creativity, and artistic ability, there is a paucity
of published studies that have specifically examined the influence of synaesthesia on
music perception, musical development, or musical abilities. One possible explanation for
this absence is that while the semiotics of graphemes and similar symbols are widely
known and accepted among the general population, the study of synaesthesia and music
would require a high level of understanding of musical terminology by both the
researchers and the synaesthetes themselves. Furthermore, the paucity of research into
music-colour synaesthesia may also be attributable to the ongoing focus on tone-colour
synaesthesia, to the detriment of other forms of music-induced synaesthesia such as those
elicited by instrument, timbre, tonality, genre, or compositional style.
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Absolute Pitch

AP ability is often synonymously linked to enhanced low-level auditory abilities. Yet
experimental studies using pitch discrimination tasks have not confirmed this assertion but
rather show no difference in performance on tasks between AP possessors and non-
possessors (Fujisaki & Kashino, 2002; Siegel, 1972). However, performance of AP
possessors on tasks related to high-level pitch processing differs from the performance of
non-possessors. The potential for AP to enhance or detract from specific musical abilities
is, however, situationally dependent. Indeed, there are four key areas where this has been
demonstrated: The first three indicate enhanced musical ability, while the fourth suggests
a potentially negative effect of AP possession:

1. Pitch memory. Possessors of AP perform better on certain pitch memory tasks
(Bachem, 1954; Rakowski & Rogowski, 2007; Siegel, 1974) such as being able to
indicate, after a 1-week interval, whether a standard tone and a comparison tone are
the same or different (Bachem, 1954). This is because they are able to assign verbal
labels to pitch classes, due to their refined abilities to apply a verbal encoding strategy
(Bachem, 1954; Rakowski & Rogowski, 2007; Siegel, 1974).

2. Musical dictation. AP musicians are able to undertake musical dictation (notating a
musical passage while hearing it) far more easily than non-possessors, irrespective of
age, onset of musical training or even years of musical training (Dooley & Deutsch,
2010).

3. Interval identification. AP possession is positively associated with interval
identification tasks requiring only RP (Dooley & Deutsch, 2011).

4. RP processing. AP possessors may be at a disadvantage in certain distinct situations
where RP processing is required. One example is when music is transposed, or when
AP possessors hear music played in a different key to the written score they are
reading (Deutsch, 2013). Absolute pitch ability is therefore not always advantageous
to musical activities, particularly in situations where the AP possessor needs to
transpose music (Mito, 2003).

The Co-occurrence of Synaesthesia and AP
Synaesthesia and AP are two uncommon cognitive conditions that have been anecdotally
reported to occur together in individuals (Bernard, 1986; Gregersen et al., 2013; Hanggi
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et al., 2008). While the co-occurrence of synaesthesia and AP in professional musicians

has been noted in case studies (Bernard, 1986), research into the relationship that exists

between these two conditions is recent, with only six known studies having addressed this

subject (see Table 2). In the following section, these six studies are discussed in

chronological order.

Table 2. Summary results for six studies that examine the relationship between synaesthesia and absolute pitch.

Participants

Synaesthesia

Methodology/

Results

Type Modality
Ward 2006 10 Sound-colour Colour Suggestion that an
synaesthetes consistency acquired cognitive
10 controls tests form of AP is
possible if four
separate conditions
are met.
Héanggi 2008 1 synaesthete Multiple forms,  Neuroanatomic Large structural
with AP including al case study differences in the
musical interval- auditory cortices,
taste and tone- gustatory and visual
colour areas; a reduction in
grey matter volume
in auditory areas.
Loui 2012 15 Tone-colour fMRI Both shared and
synaesthetes distinct neural
15 AP enhancements in
POSSESSOrs synaesthesia and
30 controls AP.
Gregersen 151 Multiple forms  Survey; Close phenotypic
2013 synaesthetes Combined and genetic
768 AP linkage relationship between
pOsSsessors analysis synaesthesia and
AP.
Itoh 2018 33 Pitch class- Synaesthesia AP possession is not
synaesthetes colour and AP battery an essential
15 AP tests component of pitch
POSSessors class-colour
synaesthesia.
Lebeau 2021 Tone-colour Synaesthesia Synaesthetic colour

1 synaesthete
with AP

test and
interview (AP
untested)

cues can be
harnessed to learn
new pitch
associations in
baroque tuning.
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Study 1: Ward et al. (2006)

Intriguing parallels between sound-colour synaesthesia and AP were the focus of a study
of 10 sound-colour synaesthetes and 10 controls aimed at investigating how different
aspects of an auditory stimulus are mapped on to the visual domain in both synaesthetes
and controls (Ward et al., 2006). As has been hypothesised with synaesthesia, results
suggest that AP could be an outcome of neural pruning (Keenan et al., 2001) and that all
infants may be born with the ability (W. D. Ward, 1999). Furthermore, and although none
of the study participants reported this ability, questions remain as to whether sound-colour
synaesthetes can use their colour percepts in order to deduce the identity of a note, and
thus acquire a cognitive form of AP ability (Ward et al., 2006). If this possibility is valid,
then four separate conditions would be necessary for this to occur: that notes a semitone
apart must have perceivable differences in colour; that the context in which the note is
played (such as the instrument playing the note) would not modify the colour percept; that
the perceptual differences can be committed to long-term memory; and finally, that these
stored perceptual differences can acquire linguistic labels (Ward et al., 2006).

Study 2: Hanggi et al. (2008)

A neuroanatomical case study of a professional musician with AP and multiple forms of
synaesthesia demonstrates that the auditory cortical regions of the synaesthete musician
brain differ significantly from those typically found in non-synaesthete musicians (Hanggi
et al., 2008). The synaesthete documented in this study, ES, is a professional musician
with AP, musical interval-taste synaesthesia, and tone-colour synaesthesia. In 2005, the
case of ES’s interval-taste synaesthesia became the first documented case of this form of
synaesthesia (Beeli et al., 2005). During the 2008 study by Hanggi and colleagues, ES and
the control groups (20 females and 17 female musicians—210 of whom were AP
possessors) were tested for both diffusion tensor imaging (DTI) and T1 images. As
hypothesised, large structural differences were revealed between the brain of ES and those
of the controls, in the auditory cortices, and in the gustatory and visual areas. These results
suggest a neuroanatomical basis of synaesthetic experiences for the two types of
synaesthesia experienced by ES. Surprisingly, the results also demonstrated a reduction in
grey matter volume in auditory areas of ES’s brain, which was unexpected in musicians
with AP (Luders et al., 2004). It was concluded, as by her own admission, that this female
musician uses her tone-colour synaesthesia to identify the pitch of a tone and that this
cognitive problem-solving mechanism rendered a reorganisation of her auditory areas

13



unnecessary (Hénggi et al., 2008). While this was a thorough case study analysis, the
critical comparison with musicians with AP was not conclusive, and it is therefore
possible that the differences found were related to AP, and not synaesthesia (Hupé &
Dojat, 2015).

Study 3: Loui et al. (2012)

The degree to which neural substrates recruited for music listening may be shared between
synaesthetes and AP possessors was the focus of a neuroimaging study by Loui et al.
(2012). In a sparse-sampled functional magnetic resonance imaging study, 15 tone-colour
synaesthetes, 15 AP possessors, and 30 matched controls were asked to rate the perceived
levels of arousal of selected musical excerpts. Results support both shared (for the early
cortical processing of music compared to non-APs and non-synaesthetes) and distinct
neural enhancements (distinct patterns of functional activations for perceptual
associations, categorisations, and affective processing) in AP and tone-colour
synaesthesia. Furthermore, a survey was administered to all subjects to assess their
linguistic and musical background. The common enhancements revealed in early cortical
mechanisms of perceptual analysis, followed by relative specialisation in later association
and categorisation processes, support the unique behaviours of synaesthetes and AP
possessors during music listening.

Study 4: Gregersen et al. (2013)

There is a significantly higher prevalence of synaesthesia in populations of AP possessors.
In a survey by Gregersen et al. (2013), the occurrence of synaesthesia in a population of
768 subjects with documented AP was evaluated. Of the 768 AP possessors, 151 (20.1%)
reported being synaesthetes with colour being the most common concurrent. This is
significantly more than the highest estimated prevalence rate of 4.4% in the general
population (Simner, Mulvenna, et al., 2006). A combined linkage analysis of 53 multiplex
families with AP and 36 multiplex families with synaesthesia was undertaken, with the
results demonstrating a close phenotypic and genetic relationship between AP and
synaesthesia. While this study was unable to definitively establish the identity of a
causative gene or genes involved in the neurodevelopment of AP and synaesthesia, it did
provide a formal analysis of the anecdotally reported proposition that AP and synaesthetic
experiences may occur together. Furthermore, Gregerson and colleagues noted the higher
occurrence rate of AP and synaesthesia in subjects with autism spectrum disorder and
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proposed that defining the genetic basis of AP and synaesthesia may provide insights into
the genetics and neurobiology of autism spectrum disorder.

Study 5: Itoh and Nakada (2018)

In cases of pitch class-colour synaesthesia, individual musical notes induce colour
percepts. To explore the behavioural features and mechanisms underlying this form of
synaesthesia, Itoh and Nakada (2018)examined whether AP possession was an essential
component of this form of synaesthesia. Behavioural measures of 33 self-reported
synaesthetes, of whom 15 were also reported as possessing AP. Results suggest that AP is
not a necessary condition to the possession of pitch class-colour synaesthesia, as the
overall colour changes across the pitch classes (do—ti in solfége) resembled hues of the
colours of the rainbow for all 33 participants with self-reported synaesthesia. As
synaesthetic percepts are characterised by their idiosyncrasy, this systematic rainbow
configuration and the striking heterogeneity of results are atypical for synaesthesia and
suggest that the participants in this study were relying on learnt associations, rather than
experiencing true synaesthetic percepts. Furthermore, this premise is questionable, given
that all participants were classified as either “high” or “low” AP possessors and a control
group of non-AP possessors was not identified. In brief, it remains unclear whether the
participants were indeed idiopathic synaesthetes, and what the role of their varying levels
of AP possession was within this diagnosis.

Study 6: Lebeau et al. (2021)

The degree to which new synaesthetic pitch-colour associations could be developed
through training was explored in a case study analysis of a professional violinist with both
tone-colour synaesthesia and AP (Lebeau et al., 2021). The musician in this study, NTM,
experienced a serious incongruence in her synaesthetic percepts when she switched from
modern tuning (A = 440hz) to baroque tuning (A = 415hz) when playing the violin and
reported that this incongruence severely interfered with her musical performance. Using
synaesthetic colour cues to scaffold her training enabled her to learn new pitch
associations in baroque tuning that cancelled any interference while performing. A mixed-
methods approach was used to evaluate NTM’s synaesthetic experience, including
standardised consistency tests for synaesthesia and a semi-structured interview. It is worth
noting, therefore, that no AP tests were reported in the methods section and that NTM’s
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AP appears to have been taken at face value. The extent of her actual AP ability is
therefore unknown.

Discussion

The aim of this review was to investigate the potential relationship between synaesthesia
and AP for musicians who possess both conditions by systematically comparing the
definitions, classifications, prevalence, diagnoses, and impacts on music perception of
synaesthesia and AP and providing insights into the varying states of the literature and
knowledge of both conditions. While the relationship between tone-colour synaesthesia
and AP is frequently noted, any interaction between these two conditions remains highly
speculative and lacking empirical foundation. Indeed, the classification and characteristics
of both conditions is less than straightforward, precisely because the diagnostic criteria for
each condition are ambiguous. In the case of synaesthesia, previous studies have noted
that the term signifies and describes different notions, realities, and perspectives and is
therefore highly context specific. Of note in this classification is the distinction between
perceptual and cognitive synaesthesia, which is of relevance for our understanding of AP.
For synaesthetes with tone-colour synaesthesia (or other tone-induced forms of
synaesthesia), it is unclear whether it is the perceived tone or the interpreted pitch

class (the set of all pitches related by an octave, e.g., all “C’s” or all “B flat’s”) that elicits
their synaesthetic percepts. The concept of pitch class-colour synaesthesia in relation to
AP was discussed by Itoh and Nakada (2018); however, as has been previously
mentioned, it is unclear in this instance whether study participants were relying on learnt
associations or experiencing genuine synaesthetic colour percepts. Further research into
the underlying perceptual and cognitive mechanisms of both conditions is therefore
warranted.

One commonality between synaesthesia and AP is that both exhibit similar definitional
irregularities that focus on whether they are all-or-nothing conditions or whether they lie
along a continuum. The debate as to whether they are dimensional or categorical
constructs is, however, an open one. In the field of synaesthesia research, there is evidence
to suggest a continuum of the strength of colour-vowel (Cuskley et al., 2019) and pitch-
size (Bien et al., 2012) associations as reported by non-synaesthetes. These findings
suggest a distribution of structured cross-modal associations in the general population and
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provide evidence for the viewpoint that synaesthesia exists at the extremity of a spectrum
of normal perceptual processes. This viewpoint is, however, contended, with Ward
(2019) arguing that the phenomenology and causal mechanisms of synaesthesia are unique
and that synaesthesia is likely to be associated with a distinct neurocognitive profile.
Similarly, AP is often categorised as a binary, all-or-nothing trait, such as by Athos et al.
(2007) who conducted a web-based large sample study (n=2,213 participants, n =981
with AP). The bimodal distribution of results supports the categorisation of AP as a
dichotomous and distinct perceptual trait. Despite these findings, analyses of behavioural
performance suggest that the trait exists along a continuum, with growing evidence to
support this claim. For example, in a study by Bermudez and Zatorre (2009), AP
possessors and non-possessors were recruited within a population of musically trained
subjects and tested for AP ability. The performance of a substantial number of subjects
fell between the AP threshold and chance (1/12, or approximately 8% correct responses).
In a separate study by Deutsch et al. (2009), 176 students at the University of Southern
California were tested for AP ability. These subjects were tested in class and were not
self-selected. The majority of students obtained scores that were consistent with chance,
although a substantial proportion of students received scores that were above chance, yet
below the cut-off criteria for AP. It has therefore been suggested that in less developed
forms of AP where pitch-labelling only occurs for specific musical notes, participants may
be reliant on a range of auditory cues (such as timbre, notes with or without accidentals,
and pitch register), with these limited AP templates being more bound to contextual cues
present during perceptual encoding (Wilson et al., 2012). It is therefore possible to
conjecture that various forms of music-induced synaesthesia may also rely on a range of
auditory cues that could impact the degree or strength of synaesthesia experienced.

The inconsistencies of diagnostic and definitional criteria have given rise to difficulties in
assessing the prevalence of both conditions. Indeed, while inconsistencies in assessment
methodology, criteria, and population studies have produced wide variations in prevalence
estimates of AP, and while this makes it difficult to compare the prevalence of AP to that
of synaesthesia, both conditions are generally thought to occur rarely within the general
population. One important exception to this general prevalence rate is in the population of
people with autism, as both synaesthesia and AP have been demonstrated as occurring
more often in this population. Although the general prevalence rate for synaesthesia is
suggested to be at ~ 4% (Simner et al., 2006; Simner, Mulvenna, et al., 2006),
approximately 20% of people with autism have synaesthesia (Baron-Cohen et al.,

2013; Neufeld et al., 2013). While the prevalence of AP in the general population is
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unknown, AP is suggested to occur in between 5% and 11% in people with autism
(DePape et al., 2012; Rimland & Fein, 1988) and is consistently observed among savant
autistic musicians (for a review, see Mottron et al., 2013). Furthermore, the relationship
between synaesthesia and autism spectrum conditions appears to be more specifically
linked to the presence of savant skills (Hughes et al., 2017). A discussion on the interplay
of synaesthesia, AP, and autism, and their possible mechanisms, is timely. This is
however, beyond the scope of this review.

One key difference in the scope of literature pertaining to synaesthesia and AP concerns
their influence on music perception, or musical development or abilities. While general
studies on the relationship between synaesthesia and creativity have been conducted
(Cytowic, 1989; Domino, 1989; Niccolai et al., 2012; Ramachandran & Hubbard,

2001b; Rich et al., 2005; Rothen & Meier, 2010; Sitton & Pierce, 2004), there is a lack of
studies that have specifically investigated the influence of synaesthesia on music
perception, musical development, or abilities. In contrast, several comprehensive studies
have explored the impact of AP on specific musical abilities, including pitch memory,
melodic dictation, interval identification, and RP processing (Bachem, 1954; Deutsch,
2013; Dooley & Deutsch, 2010, 2011; Mito, 2003; Rakowski & Rogowski, 2007; Siegel,
1974). Furthermore, the co-occurrence of synaesthesia and AP has been anecdotally noted
in case studies of professional musicians. More specifically, six articles addressing the
relationship between synaesthesia and AP from behavioural, neurological, and genetic
perspectives have been reported (Gregersen et al., 2013; Hanggi et al., 2008; Itoh &
Nakada, 2018; Lebeau et al., 2021; Loui et al., 2012; Ward et al., 2006). In reviewing the
literature, however, no data have been found on the association between synaesthesia and
AP in music perception, performance, or other musical contexts. All six of the studies
surveyed here report the co-occurrence of synaesthesia and AP focused on tone-colour
synaesthesia. The comparison between the hypothesised mechanisms of AP and the ability
to assign note labels has therefore focused exclusively on synaesthetes who reported
colour percepts elicited by pure tones, thus omitting other potential aspects of music-
induced forms of synaesthesia such as timbre, tonality, and context. This may in part
explain why the important gap of linking AP to synaesthesia has not to date been
adequately explored.
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Conclusion

This article began by asking what it might be like, from the perspective of non-
synaesthetes and AP possessors, to be able to experience these two conditions.
Throughout musical history, there have been an unknown number of pre-eminent
composers such as W. A. Mozart, Olivier Messiaen, Jean Sibelius, and Franz Liszt, who
were synaesthetes and/or AP possessors. How might the possession of one, or indeed the
interaction of both of these two conditions impacted their overall musical development,
and in what ways might they be related to the legacy of creative works that they left
Western civilisation? This critical issue highlights a substantial gap in music research:
namely that neither synaesthesia nor AP has been adequately explored in terms of the
above conceptions.

The previous sections of this article have established synaesthesia and AP as authentic and
diagnosable conditions and confirmed that empirical testing can lead to insights into their
impact on music perception. Two key issues remain largely unsolved in the existing
literature. First, while the prevalence of synaesthesia has been established as higher among
arts professionals and people involved in the creative industries (Ramachandran &
Hubbard, 2001b; Rich et al., 2005; Rothen & Meier, 2010), and while synaesthesia is
linked to enhanced memory and creativity (Domino, 1989; Ramachandran & Hubbard,
2001b, 2003; Rich et al., 2005; Rothen et al., 2012; Sitton & Pierce, 2004), to date, no
published studies have examined the impact of music and sound-induced forms of
synaesthesia on musical development. Indeed, auditory related forms of synaesthesia are
commonly referred to as epitomising the cross-sensory aspect of certain forms of
synaesthesia. Yet ordinal forms of synaesthesia, such as grapheme-colour synaesthesia,
are by far the most widely studied (Hubbard, 2007), with contemporary research
habitually neglecting other forms of synaesthesia. There is thus currently a paucity of
literature that examines music or auditory-related forms of synaesthesia, leading Meier
and Rothen (2015) to explicitly call for future studies to address “the development of other
forms, for example, sound-colour synaesthesia” (p. 2). It is possible that this gap in current
synaesthesia research might be explained by music’s inherent complexity, as well as the
perceived difficulty of recruiting participants with a high level of music language
competence. It is also noteworthy that in the limited number of studies on music-induced
forms of synaesthesia, there is a strong focus on tone-colour synaesthesia to the detriment
of other forms. Second, while studies on the influence of AP on specific musical abilities
have been undertaken, there remains a deficiency of studies that investigate the effects of
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AP on a possessor’s motivation to continue musical studies, their affective response to
their condition, or general cognitive benefits. Future research is therefore needed to
elucidate the extent to which the possession of these two conditions impacts musical
development more generally.

In addition, while the co-occurrence of certain types of music-induced synaesthesia and
AP has been noted (Gregersen et al., 2013; Hanggi et al., 2008; Lebeau et al., 2021), any
interaction between these two conditions, or indeed with other conditions such as autism,
remains highly speculative and lacking empirical foundation. A key priority for future
research within the domain of music is therefore to assess the interaction of these two
conditions and various forms of musical ability and potential.

Much remains to be revealed about the lived experience of performing and interacting
with music, particularly in terms of how those who possess synaesthesia and AP function
when working creatively, how they refine and develop their musical expertise, and how
such information might enable us to develop more robust explanations of prodigiousness,
giftedness, and musical talent. Accepting the view that “nature reveals herself through
exceptions” (Cytowic & Eagleman, 2011, p. 246) allows us to view synaesthesia and AP
as not simply “fascinating” conditions, but rather as a means by which to highlight the
idiosyncrasy of each of our subjective perceptions of music. In these ways, studying the
impact of synaesthesia and AP on music perception may provide a number of fresh
insights into these two conditions, their interaction, and what they might reveal about the
musical experience more generally.
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