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Visualized voices: A case study of audio-visual
synesthesia

Louise Fernay1, David Reby1, and Jamie Ward1,2

1School of Psychology, University of Sussex, Brighton, UK
2Sackler Centre for Consciousness Science, University of Sussex, Brighton, UK

We report a single case study of a synesthete (PS) who has complex visual experiences from sounds, including
human voices. Different vowel sounds from different speakers and modified to be of different pitch (f0) were pre-
sented to PS and controls who were asked to draw an (abstract) visual image of the sound noting colors, sizes, and
locations. PS tended to be more consistent over time than controls. For both PS and controls, the pitch of the vowel
influenced the choice of luminance (higher pitch being lighter) and vertical position (higher pitch being higher in
space). However, the gender of the speaker influenced the size of the ‘image’ independently of pitch (vowels from
males being larger).

Keywords: Synesthesia; Phoneme; Voice; Space; Color; Synaesthesia.

For some people with synesthesia, sounds are as
much a visual experience as an auditory one (e.g.,
Ward, Huckstep, & Tsakanikos, 2006). Broadly
speaking, there are two different ways in which
this tends to manifest itself. For some synesthetes,
speech sounds (but not other sounds) induce visual
experiences, whereas for other synesthetes virtu-
ally all sounds induce visual experiences (e.g.,
Asher, Aitken, Farooqi, Kurmani, & Baron-Cohen,
2006). Baron-Cohen, Harrison, Goldstein, and
Wyke (1993) tested a group of synesthetes who
claimed to experience colors from spoken words.
Careful testing revealed that the color of the words
tended to be determined by dominant letters within
the word (e.g., ‘psychology’ and ‘people’ may take
on the color of the letter P), and there were no
clear examples of phoneme-color synesthesia in
their sample. That is, there was no evidence that
particular phonemes were associated with a reli-
able color irrespective of speaker and irrespective of
how they are translated into graphemes. In terms

Address correspondence to Jamie Ward, School of Psychology, University of Sussex, Falmer, Brighton, BN1 9QH,UK. (E-mail:
jamiew@sussex.ac.uk).).

of a cognitive model, spoken words may tend to
trigger their corresponding graphemic representa-
tions which then evoke the associated color (e.g.,
Paulesu et al., 1995). However, for other synes-
thetes all types of auditory stimuli evoke visual
experiences and these are by no means limited to
color. Different sounds may elicit different colors,
shapes, textures, movements, and sizes appearing
in different locations in space (e.g., Ward, Moore,
Thompson-Lake, Salih, & Beck, 2008). Color and
texture perception recruit similar neural mecha-
nisms, and this may tend to lead to associations that
are not purely color based (Eagleman & Goodale,
2009). Here we present a single case study of such
a synesthete but examine, for the first time, vowel
sounds (from different speakers, and of various
pitch) rather than musical tones. Synesthetic associ-
ations to the voice have only been anecdotally noted
before. For example, Luria (1968) notes how, for
his synesthete, the voice of Sergei Eisenstein was ‘a
crumbly, yellow’.
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http://www.psypress.com/neurocase DOI: 10.1080/13554794.2010.547863

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f S

us
se

x 
Li

br
ar

y]
 a

t 0
0:

10
 2

2 
Se

pt
em

be
r 2

01
1 



2 FERNAY, REBY, WARD

There are several different theoretical issues that
will be explored. Firstly, do visualized experiences
of vowel sounds constitute evidence for a phoneme-
color synesthesia? Secondly, and related, how are
properties of a vowel sound (e.g., its pitch, its
phonemic status, voice quality, speaker gender)
mapped on to the visuo-spatial domain? For a
hypothetical phoneme-color synesthesia, one might
expect that the color would be determined pri-
marily by its phonemic category rather than its
auditory properties. For example, in the analogous
grapheme-color synesthesia, the color of letters
depends on the categorical classification of the let-
ter more than the font or case (e.g., Ramachandran
& Hubbard, 2001), and ambiguous letters change
their synesthetic color depending on how they are
categorized (e.g., Dixon, Smilek, Duffy, & Merikle,
2006). Some current models predict that phoneme-
color synesthesia, relative to grapheme-color synes-
thesia, should be rare or non-existent based on the
assumption that anatomical proximity constrains
the combination of trigger and experience in synes-
thesia (e.g., Ramachandran & Hubbard, 2001).

In addition to considering how the color changes
according to the phoneme, speaker and pitch, we
also consider how the visualized size and location
varies according to these auditory characteristics.
In the general population, high pitch is linked to
upper space and smaller size, whereas low pitch
is linked to lower space and larger size (Ben-Artzi
& Marks, 1995; Gallace & Spence, 2006; Walker
et al., 2010). The same trends have been noted
in synesthetes (e.g., Ward et al., 2008), but there
have been no empirical studies that directly com-
pare between synesthetes and controls for size and
spatial location.

The case reported here, PS reports vivid shapes
upon which colors are superimposed and are
accompanied by a sense of ‘space’ (e.g., in terms
of location and size within the visual field). These
experiences are reportedly triggered by all types of
sounds. PS has a particular interest in the human
voice, and paints ‘voice portraits’ in which she con-
veys the different colors, shapes and movement of
her synesthetic experience to different voices. In
this study we ask PS and a group of controls to
draw a visual representation of a sound and we
note its size and position in space. We also ask par-
ticipants to choose appropriate colors (which we
analyze separately in terms of luminance, saturation
[or chroma], and hue). The same test is repeated at a
later date given that high consistency is a hallmark

of synesthesia and is commonly used to assess its
authenticity (e.g., Asher et al., 2006).

METHOD

Participants

One female synesthete PS, aged 36, and 10 control
participants aged 23–36 years (M = 30.2 years, SD
= 4.24 years) took part. The control participants
consisted of eight females and two males and none
reported any synesthetic experiences. Neither PS
nor controls reported having absolute pitch (i.e., the
ability to produce or identify a particular musical
note without an external reference).

Stimuli

There were 64 unique sound samples created by
orthogonally varying speaker (!4), fundamental
frequency (!4) and vowel sound (!4). Recordings
of four different speakers (three female, one male)
producing four vowels were made. The vowels were
/ / as in ‘spa’, / / as in ‘bed’, /i/ as in ‘free’,
and /u/ as in ‘boot’ (but note that the vowels were
recorded in isolation rather than spliced from sylla-
bles). Three of these stimuli are cardinal vowels in
which the tongue is placed in an extreme position,
and in the fourth (/ /) the tongue occupies a central
position. Each recording of 500 ms in duration was
then modified using the voice synthesis software,
Praat (Boersma & Weenink, 2009). The median
fundamental frequency was adjusted in increments
of 30 Hz within the natural range of adult human
voices (60, 90, 120, 150 Hz for male speaker and
180, 210, 240, 270 Hz for female speakers).

Procedure

The experiment was conducted in a large naturally
lit room with the pages of the Munsell Color Book
spread out over a large table (not in direct sunlight).
The participants put on a pair of Technics RP-
F350 stereo headphones and the 64 sound stimuli
were presented in a random order. After listening
to the sound, the participant was asked to select
two colors from the atlas that ‘best’ represent the
sound (guessing if unsure). Two colors were selected
because previous research has indicated that similar
synesthetes often report multiple colors (sometimes
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VISUALIZED VOICES 3

TABLE 1
Consistency over time for six different measures across all sound stimuli. Note that a smaller difference implies greater

consistency1

Shape area
(mean %)
difference

Vertical
position

(mean cm)
difference

Horizontal
position

(mean cm)
difference

Luminance
(value)

difference

Saturation
(chroma)
difference

Color (hue)
difference

PS Score 58.7 2.48 1.79 1.50 2.49 55.15
PS Rank (out of 11) 2nd 1st 1st 8th (joint) 1st 1st
Control Mean (SD) 123.7 (56.01) 3.80 (0.56) 5.77 (2.12) 1.44 (0.23) 3.03 (0.53) 77.43 (5.72)
Significance Z = –1.16 Z = –2.35"" Z = –1.88" Z = 0.27 Z = –1.02 Z = –3.90""

1The average area for PS was far larger than for controls (90.7, 21.22 cm2, respectively). As such, we have measured consistency in terms
of percentage difference in area. A 10% error for PS is 9 cm2 but for controls is only 2 cm2, so measuring consistency as percentage
change rather than change in area is fairer. The same does not apply to other measures which tended to fall on the same scale.

different shades of the same hue) in response to
sounds (Ward et al., 2006). They were asked to state
the main or dominant color first. Participants were
asked to imagine not only the color of the sound
but also its shape, size and location in space. They
were asked to represent this on a sheet of landscape
A4 paper (21 ! 29.7 cm) in which the edges were
defined as the imagined visual field. First, they were
asked to mark with an ‘X’ the centre of the sound
within visual space. Finally, all participants drew a
rough sketch of the sound indicating its size and
shape using a graphite pencil. Participants were not
given explicit guidance except that controls were
asked to keep them abstract (see also Ward et al.,
2008). The participants could listen to the sound
again during this procedure, but was not allowed to
go back after each trial was completed. This proce-
dure was repeated for each sound and the sessions
lasted from 70 to 100 minutes. The whole procedure
was repeated at the same time of day using a differ-
ent randomized order 14 days later for controls and
21 days later for PS.

RESULTS

We extend previous research by not only investi-
gating how consistent synesthetic experiences are
in terms of color responses, but also consider sev-
eral other dimensions namely location in space
and size. Specifically, location in space was mea-
sured both in terms of horizontal placement of the
marked centre of the visualized sound (x-position)
and its vertical location (y-position). Size was mea-
sured approximately by multiplying the length of
the drawn sound by its height giving an area in
cm2. The chosen colors were measured in terms of
the three variables of Munsell Color Space, namely

luminance (lightness on a 1–10 scale), saturation
(on a 0–20 scale) and hue (a circular variable, in
degrees, corresponding to the ‘color wheel’).1 For
area and position in space, consistency was mea-
sured in terms of the average difference across the
64 stimuli between time 1 and time 2. For the
color selections, consistency was measured in terms
of the average difference across the 128 responses
(given that two colors were chosen) between the
two time points. A smaller difference implies greater
consistency.

The result of this analysis is shown in Table 1.
For four out of six of the dependent measures, PS
had the highest consistency of any person tested
and this reached significance for three of them (x-
position, y-position, and hue). Thus, our results
suggest that voice-vision synesthesia not only has
consistent color characteristics but also has consis-
tent spatial characteristics. A non-significant trend
towards higher consistency was found for area and
saturation. Only for luminance did PS score simi-
larly to controls.

Although PS is more consistent than controls in
her mappings of sounds to visuo-spatial dimen-
sions, there is evidence that both PS and controls
use similar ‘rules’ to associate the two modali-
ties. Previous studies have shown that perceived
pitch (usually relating to fundamental frequency)
affects judgments of brightness (e.g., Melara, 1989),
size (Gallace & Spence, 2006) and vertical position
(Ben-Artzi & Marks, 1995). There is also evidence

1Hue consistency was calculated for those colors that had a
chromatic color (i.e., achromatic colors black, white and gray
were excluded from this analysis because they are the central
point of the color wheel and cannot be measured in this way).
The number of achromatic colors was generally low, varying
between 1 and 19 of the total 256 colors chosen per participant.
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4 FERNAY, REBY, WARD

Figure 1. The relationship between (f0) pitch and shape area (cm2), vertical height (cm), horizontal distance from left side of visual space
(cm), luminance and chroma for PS and controls respectively collapsed across vowel sound, first and second color choices and testing
sessions. The horizontal lines show categorical effects of gender of the speaker (male is 60–150 Hz, female is 180–270 Hz), whereas lines
of best fit are included for those variables showing a linear modulation by pitch (f0). Error bars represent one standard error.
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VISUALIZED VOICES 5

that perceived pitch is related to horizontal posi-
tion such that lower pitch is more leftwards, as
in a piano keyboard (Lidji, Kolinsky, Lochy, &
Morais, 2007; Rusconi, Kwan, Giordano, Umiltà,
& Butterworth, 2006). Figure 1 shows that many of
the same associations are found for the voice sounds
used here, collapsing across vowel and session. We
note that some dimensions (e.g., luminance) appear
to show a more continuous variation over pitch
levels whereas others (e.g., area) show an abrupt
change between 150 and 180 Hz corresponding to
the transition between male and female voices. As
such the data were analyzed as a regression with the
two independent variables being gender (coded cat-
egorically) and pitch (coded as a continuous vari-
able). Area, for both PS and controls, was related
to gender (! = 0.933, p < .001 and 0.883, p < .01,
respectively) but not to pitch. Vertical position was
related to pitch for PS and controls (! = 0.664,
p < .001 and 0.853, p < .001, respectively) but not

gender (although the effect was borderline for both
PS and controls, p < .10). Luminance was related to
pitch for PS and controls (! = 0.723, p < .005 and
0.498, p < .001, respectively) and controls, but not
PS, were influenced by gender here too (! = 0.519,
p < .001). The effects on chroma and horizontal
position differed between PS and controls. Chroma
was influenced by gender in PS (! = 0.499, p <

.05), whereas horizontal position was influenced by
gender in controls (! = 0.744, p < .005). The influ-
ence of pitch on chroma was borderline significant
in both PS and controls (p < .10).

Hue needs to be considered in a different way
given that it is a circular rather than linear variable.
In order to investigate trends of hue color selec-
tions made by PS the percentage of times PS chose
that hue across test and retest was calculated for
the four speakers and the four vowel sounds. The
Munsell color chart is already categorized by hue so
did not require any recoding by the experimenters.

Figure 2. Percentage of hue selections for PS for each of the four speakers (top) and vowel sounds (bottom) respectively collapsed across
(f0) pitch, first and second color choices, testing sessions and vowel sound and speaker, respectively. Colors represent the positioning of
hue within a circularly varying color space.
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6 FERNAY, REBY, WARD

This is summarized in Figure 2. Although the data
are only descriptive it suggests that, minimally, PS
is not a pure case of phoneme-color synesthesia,
i.e., in which the color is determined by the cat-
egorical nature of the speech sound rather than
auditory properties of the sound (e.g., that vary
from speaker to speaker). For example / / var-
ied between purples, greens and oranges depending
on the speaker and depending on the fundamental
frequency.

GENERAL DISCUSSION

This study examines how properties of vowel
sounds (gender of speaker, pitch, phoneme) man-
ifest themselves visuo-spatially (in terms of color
[luminance, saturation, pitch], size, and location) in
a synesthete who reports seeing these sounds, and
in controls who are asked to imagine and draw the
sounds. Our synesthete, PS, tended to be far more
consistent over time than controls and this has gen-
erally been taken to be a ‘test of genuineness’. It
suggests that the mappings between the auditory
and visual domain are more precise and less noisy in
synesthetes than others. This is consistent with the
view that the synaesthetic experiences are in some
sense ‘seen’ (and hence, more exact).

Other studies have tended to limit the analysis
to color, but here we extend it to size and loca-
tion. We also attempted to separate out the effects
of pitch and gender of the speaker by entering
each of these variables as separate regressors. Both
PS and controls tend to associate high pitch with
vertical space and high pitch with lighter colors.
Although an association between the pitch of tones
and visual size has previously been noted (e.g.,
Gallace & Spence, 2006) we find that – for vowel
sounds – the effect appears to be entirely due to
the gender of the speaker rather than pitch per se.
These associations may reflect the sexual dimor-
phism characteristic of both voice and body size in
adult humans. Adult men have a lower fundamen-
tal frequency than adult women (approximately 120
Hz in males and approximately 220 Hz in females;
Rendall, Collias, & Ney, 2005), due to a combina-
tion of sex differences in overall body size and in the
size of the larynx that emerge during puberty (Titze
1994).

In this case study, there is little evidence
for phoneme-color synesthesia. Having consistent

associations between a set of phonemes and col-
ors is not enough to establish the existence of
phoneme-color synesthesia. One would also need
to establish whether the colors were related to the
phoneme itself (categorically defined) or to the
auditory properties of the stimuli which depend on
characteristics of the speaker. It would be interest-
ing to extend the research, using similar stimuli, to
investigate whether the visual experiences of differ-
ent synesthetes are dictated by the voice quality or
the phoneme rather than the pitch.
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Revised manuscript accepted 2 December 2010

First published online day/month/year

REFERENCES

Asher, J., Aitken, M. R. F., Farooqi, N., Kurmani, S., &
Baron-Cohen, S. (2006). Diagnosing and phenotyping
visual synaesthesia: A preliminary evaluation of the
revised test of genuineness (TOG-R). Cortex, 42, 137–
146.

Baron-Cohen, S., Harrison, J., Goldstein, L. H., & Wyke,
M. (1993). Coloured speech perception: Is synaes-
thesia what happens when modularity breaks down?
Perception, 22, 419–426.

Ben-Artzi, E., & Marks, L. E. (1995). Visual-auditory
interaction in speeded classification: Role of stimulus
difference. Perception and Psychophysics, 57, 1151–
1162.

Boersma, P., & Weenink, D. (2009). Praat: Doing phonet-
ics by computer (Version 5.1.04). Retrieved March 20,
2009, from http://www.praat.org/.

Dixon, M. J., Smilek, D., Duffy, P. L., & Merikle, P.
M. (2006). The role of meaning in grapheme-colour
synaesthesia. Cortex, 42, 243–252.

Eagleman, D. M., & Goodale, M.A. (2009). Why
color synesthesia involves more than color. Trends in
Cognitive Sciences, 13, 288–292.

Gallace, A., & Spence, C. (2006). Multisensory synes-
thetic interactions in the speeded classification of
visual size. Perception and Psychophysics, 68, 1191–
1203.

Lidji, P., Kolinsky, R., Lochy, A., & Morais, J. (2007).
Spatial associations for musical stimuli: A piano in
the head? Journal of Experimental Psychology: Human
Perception and Performance, 33, 1189–1207.

Luria, A. (1968). The mind of a mnemonist. New York,
NY: Basic Books.

Melara, R. D. (1989). Dimensional interaction between
color and pitch. Journal of Experimental Psychology:
Human Perception and Performance, 15, 69–79.

Paulesu, E., Harrison, J., Baron-Cohen, S., Watson, J. D.
G., Goldstein, L., Heather, J., Frackowiak, R. S. J., &
Frith, C. D. (1995). The physiology of coloured hear-
ing: A PET activation study of colour-word synaes-
thesia. Brain, 118, 661–676.

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f S

us
se

x 
Li

br
ar

y]
 a

t 0
0:

10
 2

2 
Se

pt
em

be
r 2

01
1 



VISUALIZED VOICES 7

Ramachandran, V. S., & Hubbard, E. M. (2001).
Synaesthesia: A window into perception, thought and
language. Journal of Consciousness Studies, 8, 3–34.

Rendall, D., Collias, S., & Ney, C. (2005). Pitch (F0)
and formant profiles of human vowels and vowel-
like baboon grunts: The role of vocalizer body size
and voice- acoustic allometry. Journal of the Acoustic
Society of America, 117, 944–955.

Rusconi, E., Kwan, B., Giordano, B., Umiltà, C., &
Butterworth, B. (2006). Spatial representation of pitch
height: The SMARC effect. Cognition, 99, 113–129.

Titze, I. R. (1994). Principles of voice production.
Englewood Cliffs, NJ: Prentice Hall.

Walker, P., Bremner, J. G., Mason, U., Spring, J.,
Mattock, K., Slater, A., & Johnson, S. P. (2010).
Preverbal infants’ sensitivity to synaesthetic cross-
modality correspondences. Psychological Science,
21(1), 21–25.

Ward, J., Huckstep, B., & Tsakanikos, E. (2006). Sound-
colour synaesthesia: To what extent does it use cross-
modal mechanisms common to us all? Cortex, 42,
264–280.

Ward, J., Moore, S., Thompson-Lake, D., Salih, S., &
Beck, B. (2008). The aesthetic appeal of auditory-
visual synaesthetic perceptions in people without
synaesthesia. Perception, 37, 1285–1296.

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f S

us
se

x 
Li

br
ar

y]
 a

t 0
0:

10
 2

2 
Se

pt
em

be
r 2

01
1 


