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possible because these standardized mullite
crucibles were available to yield reliable and
reproducible results.

Although unaware of the presence of this
aluminium silicate in their Hessian crucibles,
the producers evidently coined a very success-
ful recipe — which explains why it was not
modified, or publicized, for centuries.
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SYNAESTHESIA

The taste of words

Synaesthesia is a rare familial condition involv-
ing a ‘crossing’ of the senses — for example,
ordinary activities such as reading or listen-
ing to music may be perceived with different
colours or tastes'. Here we show that indi-
viduals who experience synaesthetic tastes
that are elicited by words (who are known as
lexical-gustatory synaesthetes) begin to taste
an upcoming word before they can actually
say it (that is, while it is still ‘on the tip of the
tongue’). Taste sensations in these synaesthetes
are therefore triggered by thinking of the word’s
meaning, rather than by its sound or spelling. It
is possible that conceptual thought may even be
linked to perceptual experience in all of us.

Brain imaging” and inheritance patterns’
have established that synaesthesia is a genuine
neurological phenomenon, but the psychologi-
cal mechanisms that drive each manifestation
are not yet fully understood. In the word—taste
variant, pictures do not usually elicit a taste sen-
sation without retrieval of the associated word",
and tastes are triggered by the corresponding
food name (for example, mince taste by the
word mince) as well as by words that share pho-
nemes with that food name (such as prince)**.

Given this phonological influence, it might
be assumed that explicit processing of phono-
logical word-forms (from auditory input, for
example) is a necessary stage for stimulating
synaesthetic tastes. Alternatively, taste could
be experienced directly from the word’s mean-
ing (that is, from abstract semantic informa-
tion encoded in long-term memory, or its
lemma®). In this case, the role of phonology
would be restricted to the stages in develop-
ment when word—taste associations are being
established (that is, determining which words
become associated with which tastes), rather
than serving to trigger the taste itself.

We investigated this second hypothesis by
testing whether synaesthetic tastes could be
induced in ‘tip-of-tongue’ (TOT) states’, when
only word meaning, but not the phonological
word-form, is available for processing. Six cases

438

on the tip of the tongue

with this rare type of synaesthesia were studied
(for methods, see supplementary information).
Each demonstrated the behavioural hallmark
of synaesthesia® by showing a significantly
higher test-retest consistency over more than
one year, compared with a control group tested
after only two weeks (for details, see supple-
mentary information).

In a TOT picture-naming task, the partici-
pants were shown images of unusual objects
(a platypus, for example) to induce the TOT
state, in which the word required was known
but there was a temporary inability to recall it;
they were then questioned about the ‘taste’ of the
target word. Out of 550 trials, 89 induced a TOT
state in which the synaesthete was striving to
name the experimenter’s intended target word.
Seventeen of these were accompanied by antici-
patory tastes, 15 of which occurred in a complete
TOT state — where neither the word itself nor
any constituent letters could be recalled.

In all instances, the anticipated taste corre-
sponded to the correct taste of the target word,
as verified afterwards by the participant (con-
firmation stage) and then again more than one
year later in a surprise retest (see supplemen-
tary information). For example, one partici-
pant tasted tuna fish when the word castanets
was on the tip of her tongue: she then named
tuna as the taste associated with the spoken
item castanets in the confirmation stage, and
reproduced this same association in the sur-
prise retest 1.1 years later.

The anticipated taste associations named in
the TOT state are unlikely to have been spu-
riously generated, because the synaesthetes
experienced their correct anticipatory tastes
significantly more often than would be pre-
dicted by chance (all P values less than 0.02),
as estimated from the baseline frequencies with
which each taste occurred for each synaesthete
(for details, see supplementary information).

We conclude that perceptual experience,
for these synaesthetes, is one component of
the representation of the meaning of words.
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As synaesthetic taste can be induced in TOT
states in the absence of phonological informa-
tion, we propose a model in which pathways
exist between word lemmas and taste centres.
(Phonological factors may nevertheless deve-
lopmentally determine the nature of a taste
— that is, the tastes associated with food names
and their phonological neighbours.)

These pathways may operate in everyone,
but be exceptionally active in synaesthetes:
other variants of synaesthesia (tone—colour, for
example) are known to rely on universal cog-
nitive mechanisms’, and functional magnetic
resonance imaging indicates that merely imagin-
ing a taste can activate the area of the normal
brain associated with taste'’. Lexical-gustatory
synaesthesia may therefore represent an
exaggeration of normal mechanisms that link
linguistic thought and sensory perception.
Julia Simner*, Jamie Ward+
*Department of Psychology, University of
Edinburgh, Edinburgh EH8 9JZ7, UK
e-mail: j.simner@ed.ac.uk
TDepartment of Psychology, University College
London, London WCTE 6BT, UK

Ward, J. & Mattingley, J. B. Cortex 42,129-136 (2006).
Nunn, J. A. et al. Nature Neurosci. 5, 371-375 (2002).
Ward, J. & Simner, J. Perception 34, 611-623 (2005).
. Ward, J. & Simner, J. Cognition 89, 237-261(2003).
Ward, J., Simner, J. & Auyeung, V. Cogn. Neuropsychol. 22,
28-41(2005).
. Kempen, G. & Huijbers, P. Cognition 14,185-209 (1983).
7. Burke, D. M., MacKay, D. G., Worthley, J. S. & Wade, E.
J. Mem. Lang. 30, 542-579 (1991).
8. Rich, A.N.,, Bradshaw, J. L. & Mattingley, J. B. Cognition 98,
53-84(2005).
9. Ward, J,, Huckstep, B. & Tsakanikos, E. Cortex 42, 264-280
(2006).
10. Levy, L. M., Henkin, R. 1., Lin, C. S,, Finley, A. & Schellinger, D.
J. Comput. Assist. Tomogr. 23, 499-505 (1999).

CIFNERENIES

(o))

Supplementary information accompanies this
communication on Nature's website.

Received 25 August; accepted 3 November 2006.
Competing financial interests: declared none.
doi:10.1038/444438a

BRIEF COMMUNICATIONS ARISING online
» www.nature.com/bca see Nature contents.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice




