Synaesthesia: reconciling the subjective with the

objective

John Harrison and Simon Baron-Cohen

Coloured hearing synaesthesia (from the Greek sy (union) and aisthesis (sensation)), has been known
to the scientific community for over 300 years and yet has gone relatively uninvestigated. This review

charts recent progress in the investigation of synaesthesia and discusses the consequences of this
research for our understanding of the condition.

When 1 see equations. 1 see the let
[ don’t know why
As T oralking. T see vague pietures
of Bessel Tunctions from Jahke and
Emde’s book. with light-tan s
shghtly violet-blush n's and dark
hrown X's flying around. And 1
wonder what the hell 1 must look
like to the students

ters i colors

I'his guotation. teken from the Nobel
prizewinning physicist R. Fevnman's book
What Do You Care Whar Oihier People
Phink ™ [1. p. 591 supgests that he may well
fave expertenced coloured-heating syiaes-
thesta, a condition i wineh a sensation in
ome anodality gives rise 1o sensations in
another. His account of the condition is curi-
ausly simifar 1o that given by the autho
Viadimir Nabokov i his autobiography.
Speak. Memary |20 p. 381

I present ¢ fine case of coloured
heanng. Perhaps ‘hearing’ is not
quite accurale, sinee the colour sen-
sation seems to be produced by the
very act of my orally forming
a given letter while 1 imagine its
outline. The long a of the English
alphabet (and 1t is this alphabet |
have i mind unless otherwise stated)
has for me the tint of weathered
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wood. but a French o evokes pol-
wshed ebony. This black group also
meludes hard g (vulcanised rubber)
and r(a sooty rag being ripped).
Outmeal 7. noodie-limp . and the
ivory-backed hand murror of o take
care of the whites.

I'hese accounts have presented neuro-
stientists with a fascinating problem
how might we give asatisfactory theoretical
account of a condition such as svnaesthesia,
whose primary source of data is the entirely
subjective account of the experience of see
mg colours when hearmng words? In the fol-
lowing review we shall give an account ot
how we have sought to provide a scientific
account of the condition by using a comb-
nation of cxperimental psychology  and
neuroimaging. but also with reference to the
phenomenological accounts of the condition
given (o us by subjecis with synaesthesiu.

A brief history of synaesthesia

A review of the literature reveals that while
during the last 20 years research into
synaesthesia has expenenced something of
arenaissance, the condition has been known
to science for well over 250 years (an early
account is given by John Locke [3]).
However, it is in the closing decades of the
nineteenth century and early twentieth
century that synaesthesia seems 1o have
enjoyed most interest. One of the most
notable individuals to devote attention to
the condition during this period was Sit
Francis Galton in his Inguiries mto Human
Faculry and its Development [4]. Galton
gives an account of several individuals with
the condition, even going to the trouble of
reproducing some of his subjects’ “coloured
alphabets’. Galton’s commentary prefigures
many of the more conlemporary accounts.
For instance, he informs us that “seers are
invariably most minute in their description
of the precise tint and hue of the colour.
They are never satisfied, for instance, with
saying “blue”, but will take a great deal of
trouble 1o express or to match the particular
blue they mean’, an observation that echoes
our own experience of svnaesthetes” colour
desciiptions. Galton makes two  further

points: first. ‘that no two pci:pit: daree. or
hardly ever do so, as to the colour they asso
ciate with the same sound” and. secondly,
that the tendencey is very hereditary”, obser
vaons that find support in our studies |5.6]

Such was the interest in synaecsthesia
during Galion™s time that a review by
.. Marks [7] reveals that between 1881 and
1931 more than 70 papers were published
on the condition. These accounts depended
almust entirely upon the subjective reports
of individuals with the condition. a form of
data entirely reliant on the suhject’s abibity
to accurately “introspect”. Unfortunately. in
trospection proved to be a most unreliable
method of uncovering the nature of human
cognition. in that subjects tended 1w give
accounts of therr mental processes that were
found o be inconsistent with more ob-

jective data. A response to this concem

with the quality of phenomenological data
was the emergence of behaviourism as
the dominant psychological paradigm. Be-
haviourism effectively precluded reference
to mental states in its bid to bring psychol-
ogy into the fold of the natural sciences,
instead insisting that psychologists should
concentrate only upon observable behav-
iour, Research into synaesthesia, which
could be defined only by self-report and
with references to mental state. appears
to have been an early casualty of behav-
iouristic thinking, as evidenced by the fact
that in the 42-year period from 1932 to 1974
Marks reports only 16 published papers on
the topic.

Behaviourism is generally acknowledged
to have failed to provide the general laws of
learning it was expected to yvield. Following
Chomsky’s [8] damning indictment of the
inadequacy of B.F. Skinner’s [9] account of
language acquisition. a shift to cognitivism
began. Behaviourism had banished refer-
ence to mental states from scientific lan-
guage, but, with the rise of cognitivism.
mental phenomena once more became legit-
imate targets for scientific study. As a prob-
able consequence, within the last 20 years,
research into synaesthesia has enjoyed
something of a renaissance and recent
developments have led for the first ime to
the condition’s being widcely recognized as
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having a ‘neurological reality’. therehy
moving 1t beyond the romantic neurology
categorization given it by G, Humphreys
[10]. In this article we provide an account of
recent work into the condition and hope 10

use the example of synaesthesia as a way of

illustrating how neuroscience might seek to
reconcile subjective experience with objec-
tve analysis.

Testing for synaesthesia

Currently, no consensus exists regarding
an objective test for confirming the pres-
ence of synaesthesia. Our own attempts
have relied upon performance on a test tha
gauges a subject’s consistency at relating
colour descriptions triggered by words
across two or more occasions [5.6]. RE.

Cytowic [11.12] has relied upon a set of

diagnostic criteria of “clinical” symptoms as
opposed to signs of the condition. A poss-
ible weakness of this latter approach 1s that
once again 1t is entirely reliant upon the
individual's subjectve account of the condi-
non. Diagnosis on the basis of
rather than objective
likelihood of making
positive declarations. Our own view is that
in order 1o ensure a suitable baschne for
testing and experimentation it 15 essential 1o

subjective
Symptoms s1ens

ncreases the false

establish the presence of synaesthesia, We
have traditionally sought to do this using the

test deseribed above. though we are aware

e
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of possible difficulties with relying solely
on consistency as the criterion of genuine-
ness. The study of the subject Elizabeth
Stewari-Jones reported by Baron-Cohen er
al. 3] reported that the colour percept for
each word seemed unpredictable on the
basis of the colour correspondence for each
of the component letters. This was in con-
trast to the later study reported by Baron-
Cohen er al. [6] in which it appeared that the
word—colour correspondence was highly
dependent upon the colour association of a
dominant letter within the word. For exam-
ple. for subject RY the colour for the word
‘speak’ was found to be blue, a correspon-
dence chiefly due to the letter *S7 having a
blue percept. It would 1n principle be possible
to score 100 per cent on our test by learning
1o associale a colour with each letter of the
alphabet and using the first letter of the
word to establish the appropriate response
A new and more objective method for
establishing the presence of idiopathic
synaesthesia exists in that, with the advent
ol neurotmaging  techniques.

such  as
positron emission tomography (PET) and
functional magnetic ging
(IMRI). it has been possible to image the
brain in vive. RE Cytowic and FB. Wood
[13 123 inhalanon rechmique

TUSORATICE 11

* Xenon !
¢ image the brain of a single subject and
our own group has used PET [ 14]and more
recently IMRI (5. Williams, ).
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Baron-Cohen. unpublished manuscript)
ng, results of the experiment by E.L
Paulesu er al. showed that subjects with
synaesthesia exhibited increased
cercbral blood flow (rCBF). as compared
with control subjects, in two visual dassoci
ation areas (posterior infero-temporal cortex
(PIT) and the junction of the occipital and
parietal cortices) when listeming 1o words
(see Figure 1). Scanning for activanon in
these areas provides a possible test fo
synaesthesia.

regional

What is ‘idiopathic synaesthesia’?

Much of the literature on svnaesthesia hus
lended to deal with mstances o
stimulation that has been induced.
or contrived. For instance.
ber of

cross-modal

acguired
there are & num
accounts of individuals reporting
synaesthesic percepts as a consequence of

neurological disorder or as a result of the

use of psychoactive drugs (see [1112]) Ttis
important to note that the subjects upon
whem we have reported exhibil @ natural
idioparthic torm of the condition, which s,
m all cases. an automatic experion

Many writers (for example. [11.16]) on
the topic of synaesthesia have been drawn
mto discussing the possibility that a nuniher
of authors, poets. artists ar -\‘ TIUSTETATS Ty
have had svnacsthe \ 1 ist of these

mdividuals: would Jm]nm_: the
imsky-Korsakov, Messiaen and

COMIPOsCrs

thi

1 millimeires



Sertabing the poets Basho, Rimbaud and
Kandinsky  and
v the novehist Nabokoy,

ady mentioned. We are unaware ol evi

i"i.{u_]\!t_'-i.'llu' ¢ the artists

Hocknev: and. fin

ool Fhese 1 ithals hav ny becn

ted for svn exta and so have n
direcr ebjecnive data tpon which 1o make
Breme “dhagnosis We have recently reviewetd

the bterature inothese cases and have con

luded that tn almost all instanees thes
tic Freen usimge et W
e cxlubiime idiapating Syndesthesin. A

ihle exception w this appears to be the

abhokov sylior aves an autobios

it ol his svnaesthesia. On

I Al I‘.f"r ik, M by IJI he discusses
nature ot lus mother’s svnaesthesia as well

i s own

Fhe conlessions ol a synesthete
st sound tedious and pretentious
to those who are protected from
such leakimes and drafiy by nwore
solid walls than mime wre. Too min
maother, though. this all seemed
quite norpmal. The matter came up.
one day m my seventh vear. as 1 was
unng a heap ol ofd alphabet blocks
to build o tower. | easually remarked
e her that their colours were all

Nuababoyv's account of his

v shows o marked similamty to

by subjects with svnaesthesia
reported by Buron-Cohen e aif. [6]. Subjects
in this study confirmed that they o had
possessed synaesthesia for as long as they
could remember and also reported synaes-
thesie relanves. However, Nabokov appears
o have been fortunate as compared with
many svnaesthetes we have interviewed in
that he recalls revealing his synaesthesia to
his mother. who shared the condition. A
number of the synaesthetes who have con-
tacted us have confessed to having re-
mained silent on the topie for fear ol
ridicule by others who either do not under-
stand. or share. the condition.

A further questionnaire item [6] dealt with
the extent to which the synaesthetes tested
dreamt in colour. We have invariably found
that the answer to this question is that such
individuals claim “always™ to dream 1n
colour. Received wisdom in psychology 1s
that most people. when asked this qm:slion.
will either deny dreaming. be unsure as to
whether they dream in colour, or say that
they dream in colour occasionally. Con-
sistent dreaming in colour may mark
out people with synaesthesia from the ‘nor-
mal® population. This possibility is made
more interesting by “The case of the colour-
blind painter’. reported by O. Sacks and
R. Wasserman [17]. The subject of their

study, J1. suffered brain injury as the result of

4 caraccident and as d consequence becanme
cortically colour-blind (achromatopsic).
However, when 11 lost his ability to see
colour, he also lost his coloured-hearing
synaesthesia as well as hig ability to dream

m colour. M presemts us with o neuro-
pevchological dissociation in that. as a
esult of bram damuage. he has lost the abil
HY 1O see or dream in colouwr. as well as

lgwino his

wpacsthesie Such o patiern

nachan opens up thi

I piss by

TR These CHpaciiies iy share o comimiorn

nevral subsirate

What are synaesthesic percepts
'like'?
Cytowic [120 pp. TIR=191 has s

sted

That  synaesthesic purcepis eonstituie

an
neffable experience which. 10 understand
one must experience first-hand. We have
cnvouraged synaesthetes o iry 1o explaim. s
precisely  as possible, the nanure of then
capericnee. One way m owhich we have
sought o do this is o ask subjects 1o make
graphic representations of their svnaesthesic
percepis. Asynaesthetic painter’s attempt 1o
depict the pereept expenenced 15 shown
Figure 2. This picce represents the percept
experienced by Elizabeth Stewart-Jones
whenever she hears the names “Harold

Pinter™ and -Alan Ayckbourn™ |5] She
claims, consistent with Cytowie’s notion of
the meltabiliny of synaesthesic percepts.
thit while thes is the best she can achieve.
it

not perfectly caplure the exact

re ol her expentence. It waould appear
that synaesthetes have o great deal of diffi
culty  sunstactorly explaining the nabur
of their expeniences. For example. @ ques

hos desy

enedd 1o establish “where™ the per
\ viglded CORNISICHt aceount
with all but two of the subjects reported
by Baron-Cohen er af, [6], contimmng tha
the colour was not i their visual feld
Subsequent guestoning  has established

upks ocou

that the pereept 15 nol an imagmed visual

It would seem thal synaesthesic percepis

dre nenher o

wined nor retmally derived.
the two sourees of visual experience in non
synuesthetes . A possible third source of
visual experience has been suggested by the
waork of G. Beckers and K. Beckers | 18]
who have used transeranial magnetic stimu

lation CTMS) @ techmique that stimulates

Figure 2 Representations painted by Elizabeth Stewart-Jones of the synaesthesic
percepts triggered by ‘Harold Pinter’ (top} and ‘Alan Ayckbourn’ (bottomn).




the brain by the application of a magnetic
pulse. They elicited coloured. visual per-
cepts (chromatophenes) from subjects by
stimulating areas of the occipital lobe. TMS
might be used in future as a method of elic-
iting chromatophenes in synaesthetes in
order to establish whether they constitute a
similar wvisual experience to that of
coloured-hearing synaesthesia.

The biological basis of

synaesthesia

Cytowic has argued for the importance of
emotion for synaesthesia and has suggested
that the limbic system may have ascend-
ancy over the cortex. In this respect it is
important to point out that Paulesu er al.
[14] found no increase in rCBF to limbic
areas in synaesthetes, shedding doubt on the
importance of the limbic system. In any
case, we would not argue for synaesthesia
being rational rather than emotional and
in fact regret the adoption of this rather
polarized dichotomy. Neurons within the
limbic areas use the same electrochemical
commage of information exchange as those
i cortical areas, and the imposition of
emotionality rather than rationality upon
them seems 1o us inappropriate. In any case,
substantial areas of the limbic system (that
is, the cingulate gyrus, hippocampus) con-
tain cortical areas, so suggesting that either
a ‘cortical” or a “limbic” explanation of the
biological basis of the condition 1s logically
unsound.

In order for us to "know’ that a percept is
visual, auditory. olfactory, etc.. we must
have developed a method for idenmtifying
information as being derived from one sen-
sory modality or another. There is, presum-
ably, a structure to sensation which allows
tor discrete idenufication of information as
being specific to a sensory systemi. We have
previously provided a functional account of
synaesthesia [6] which suggests that the
condition may provide us with a model of
how a breakdown in this modularity may
yield a percept which, while auditory in ori-
ain, has a visual quality to . D Maurer [19]
has suggested a biological conelate of this
hreakdown in modularity by proposing that
neonatal pathways between auditory and
visual areas of the brain are. 1in individuals
with synaesthesia. perpetuated beyond the
nepnatal period (three to six months) in
which they are found in normal individuals
The consequence of this activity is that
auditory information (in some cases exclu-
sively linguistic) is carried bevond those
arcas of the brain con¢erned with auditory
information and on 1o those dealing with
visual information,

Conclusions

The PET study reported by Paulesu er al.
[14] has provided us for the first ume with
objective information about differences in
brain activity in subjects with synacsthesia
However, this study does not allow us to
choose between the competing hypotheses
that the differences in rCBF are dug 1o (1)
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hardwired neurobiological differences, or
(i1) differences in strategy. In any case, the
use of PET. as well as experimental psycho-
logical methods, has allowed us to seck to
reconcile the ‘subjective’ experiences of
synaesthetes. with the -objective’ view of
sclence.

The problem of providing scientific
cxplanations of subjective experience was
famously and eloquently stated by C.F
Sherrington who traced the light from a star
through the visual system. He suggested
that the mechanics by which data about the
star reached the visual cortex were rela-
tively well understood. but that we had no
explanation of the subjective experience of
seeing the star: “At this point the scheme
puts its finger to its lips and is silent” [20].
Reconciling the first- and third-person
views of human cognition has proved 1o be
a difficult enterprise and for many vears
personal experience was not seen as the
proper domain of science. This perspective
seems to be the legacy of Galileo’s notion
that the universe was made up of (1) matter
and (i) energy, the first dealing with pri-
mary qualities (velocity, weight, mass. etc. ).
the second with those of subjective experi-
ence (smell. viston, truth. ete.). For Galileo.
only the former was properly the domain of
seience, Descartes appears to have taken a
similar view. suggesting that res exrensor
(the physical world) was the domain access-
ible to science. whereas rey cogitans (the
mental world) remained inaccessible. As a
result of Emstemn’s reconciliation of mass
and energy, we are left with a one-stutf uni
verse, thereby allowing, at least potentially,
tor scientific explanatons of Galileo™s
secondary  qualitties and  Descartes’ res
COgEans

Psychological thought has sought to
accommodate this perspective, swinging
from concern with inner mental life to
placing a premium on observable behay -
iour, and back again, while never achieving
a consensus view concerning the reconcili-
ation of phenomenology with objective
data In this context synaesthesic makes an
mteresting topic of investigation in that the
subject matter 15 necessarily an internal.
mental state whose existence we can anly
infer from the findings of behavioural test-
mg. Cytowic has tended 1o rely almosi
entirely upon the subjective self-reports
wiven him by his subjects with synaesthesia
We have sought to rely primarily upon
obrective quantification of data according 1o
the taditional methods of experimentai
psychology, but have allowed room fon
cluding whut svnaesthetes tell us about
their experience in the form of gquestion
naire data

Acknowledgements

We thank Lin Miller of the Massachusetts
Institute of Technology for drawing the
example of Richard Feynman's
letters o ourattention, Parts of this review

colotred

witd forthecoming hook on

synaesthesiu, edited by the authors

appaar in o«

References

[1] Feynman, R. Whar Do You Care What
Other People Think " HarperCollins,
London, 1988

[2] Nabokov, V. Speak. Menory. Penguin
Books. Harmondsworth, 1967

[3] Locke, 1. An Exsay Concerning Human
Understanding: Book 3, Basset, London,
16890,

[4) Galton. F, nguiries into Human Faculty
and its Developnent. Dent and Sons,
London, 1883

[5] Baron-Cohen, S, Wyke, M. and Binnte, ¢
Perception 16, 76167, 1987,

6] Baron-Cohen, 5., Harrison J., Goldstein,
L.H. and Wyke, M. Perceprion 22, 419-26,
1993

[7]1 Marks. L. Psvehol. Bull. 82(3), 30331,
1975

[8] Chomsky, N. Svatactic Structures. Mouton
Publishers, The Hague, 1957

[9] Skinner. B.E. Verbal Behavionr. Appleton
Century-Crofts. New York, 1957

[10] Humphreys, G. Narre 343, 30, 1990

[11] Cytowie, RE. Svnesthesia: A Union of
the Sensexr. Springer-Verlag, New York,
U89

[12] Cytowic, RE, The Man Whe Tasted
Shapres. Abacus. London. 1993

[13] Cytowic, RE. and Wood. EB. Bram Cogn
1. 36, 1982

[ 14] Paulesu, E.. Harmison, 4., Baron-Cohen, S
etal, Brain 118, 66176, 1995
| 18] Talairach. L and Tournoux. B Co-plan

Steveotavie Atltay of the Humean Brain
Thieme. Stuttsart, 1958
[16] Critchley, EMR. fn The Newrologioal
of Realiry (ed. EMR

Farmand T

Birendaries

Critehley i ppe Bl = 1%
London, 1994

[17] Sucks, O, and Wasserman, R. e Nea
York Review of Books 34, 25

[ 18] Beckers, G. and Becker, K Personal

4 Wistenr o

{GRT

commumication cited m Zekis 5
the B, Blackwell Scientific
Publications, Oxford, 1993

[19] Maurer, 12 Developmental Netwocognition

Speech and Face Processing o the Fi
Yewr of Life: Kluwer Academic Publishier
Dordrecht, 1943

[ 200 Sherrington, CF Ciled a0 Fenwick, B fin
Newrelogreal Boundories of Heality e
EM.R Critchley). pp. 121420 Farrand

PPress, London, 1994



