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Abstract In this article, the rapidly growing body of re-
search that has been published recently on the topic of
crossmodal correspondences that involve auditory and gus-
tatory/flavor stimuli is critically reviewed. The evidence
demonstrates that people reliably match different tastes/fla-
vors to auditory stimuli varying in both their psychoacoustic
(e.g., pitch) and musical (e.g., timbre) properties. In order to
stimulate further progress in this relatively young research
field, the present article aims at consolidating prior findings
concerning specific auditory–gustatory mappings, whereby
special attention is given to highlighting (1) any conflicts in
the existing experimental evidence and (2) any potential
caveats with regard to the most appropriate interpretation
of prior studies. Next, potential mechanisms underlying
auditory–gustatory crossmodal correspondences are dis-
cussed. Finally, a number of potentially fruitful avenues
for future research are outlined.
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Introduction

People often map stimulus properties from different sensory
modalities onto each other in a manner that is surprisingly
consistent. For instance, it has been demonstrated that there
is robust agreement between people that rounded forms are
associated with soft consonants (nasals and liquids such as
[m] and [l]) and back vowels (such as [u]), whereas angular
forms are more linked to hard consonants (plosives such as
[t] and [k]) and front vowels (such as [i]) instead (Hinton,

Nichols, & Ohala, 2006; Köhler, 1929, 1947; Nuckolls,
1999). Such “crossmodal correspondences” have been de-
scribed as consistent mappings between attributes or dimen-
sions of stimuli (i.e., objects or events) either physically
present (or else merely imagined) in different sensory mo-
dalities, be they redundant (i.e., referring to the same stim-
ulus attribute) or not (Spence, 2011a).1 As has been pointed
out by Deroy and Spence (2012; Spence, 2011a), such
nonarbitrary correspondences should be differentiated from
various forms of crossmodal synaesthesia, which involve
the conscious experience of concurrent stimuli not experi-
enced by most people and are characterized by crossmodal
mappings that are, among other distinguishing features,
much more idiosyncratic in nature (Beeli, Esslen, &
Jäncke, 2005; Martino & Marks, 2001). Crossmodal
correspondences also need to be distinguished from two other
forms of congruency between unisensory stimulus features—
namely, spatiotemporal and semantic congruency—that have
been studied in the context of the crossmodal binding problem
(i.e., the question of how the brain determines which of the
unisensory information available in the environment belongs
to one and the same object; Spence, 2011a, 2012b). While
spatiotemporal congruency refers to the proximity between
two unisensory events in time and space (see, e.g., Spence &
Driver, 2004) and semantic congruency refers to a crossmodal
match (vs. mismatch) in terms of the identity or meaning of
the unisensory component stimuli (see, e.g., Chen & Spence,
2010; Laurienti, Kraft, Maldjian, Burdette, & Wallace, 2004),
crossmodal correspondences arise between more basic, low-
level stimulus features (Spence, 2011a).

1 Although note that many other terms have been used, such as “cross-
modal similarities” (Marks, 1987), “synaesthetic correspondences”
(Melara & O'Brien, 1987), “synaesthetic associations” (Parise &
Spence, 2008); for a detailed discussion of terminology, see Spence
(2011a).
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In the present article, we discuss the rapidly growing body
of empirical literature that has started to investigate cross-
modal correspondences between audition and taste, involving
both simple (e.g., basic tastes, pure tones) and more complex
(e.g., flavors, music) auditory and gustatory stimuli. Unlike
combinations of other sensory modalities, such as vision and
audition, correspondences between audition and taste have
only recently started to receive serious scholarly attention
(although see Fónagy, 1963, 2001, for a solitary early excep-
tion). Over the last couple of years, however, there has been a
rapid growth of research documenting the existence of a
variety of intriguing crossmodal mappings (or corresponden-
ces) between auditory and gustatory/flavor stimuli (e.g.,
Bronner, 2012; Bronner, Bruhn, Hirt, & Piper, 2008;
Crisinel et al., 2012; Crisinel & Spence, 2009, 2010a, b,
2011, 2012; Mesz, Sigman, & Trevisan, 2012; Mesz,
Trevisan, & Sigman, 2011; Simner, Cuskley, & Kirby, 2010;
Spence, 2011a;).2 As such, we would argue that the topic is
particularly appropriate and timely for review here.

Apart from the sheer number of recent publications, the
present review is also motivated by several theoretical chal-
lenges that arise from previously reported findings on audi-
tory–gustatory correspondences. First, a closer scrutiny of
the empirical literature reveals, in some cases, conflicting
results that require further discussion. Second, certain of the
crossmodal mappings between sound and taste seem to defy
previously proposed explanations of the underlying mecha-
nisms of crossmodal correspondences. Third, the reported
findings raise the question of why crossmodal correspond-
ences between audition and gustation even exist in the first
place. While crossmodal correspondences between, for in-
stance, color and taste, appear to fulfil an apparent evolu-
tionary purpose (e.g., red color and sweet taste are both cues
for high nutritional value in fruit; Hoegg & Alba, 2007;
Maga, 1974; Spence, Levitan, Shankar, & Zampini, 2010),
the reason for the existence of auditory–gustatory mappings
has not received a satisfactory explanation to date. The aim
of the present review is thus to stimulate further research
and theorizing in this field and to contribute to our under-
standing of how our senses interact, one with another.

Being a topic of potential practical relevance as well, this
research area is now starting to attract the interest of those
working in the food sector—not to mention marketers and
advertisers interested in how they can convey something of
the taste/flavor of their products simply by stimulating the ears
of their potential customers ("Synaesthesia: Smells like
Beethoven," 2012). The hope for many in the area is that our
growing knowledge concerning the existence of crossmodal

correspondences may, for example, allow chefs, sommeliers,
and/or food marketers to enhance their customers’ dining ex-
perience by combining specific foods with crossmodally con-
gruent sounds and music or to create acoustic stimuli that rely
on crossmodal correspondences to highlight, or to set up (pos-
sibly subconscious), specific gustatory expectations concerning
a given product (Crisinel, Cosser, King, Jones, Petrie & Spence
2012; Spence, 2011c; Spence & Shankar, 2010).

This article starts with a summary of prior findings re-
garding the existence of crossmodal correspondences be-
tween audition and taste. Special consideration is given to
critically evaluating previous studies in terms of highlight-
ing possible alternative explanations for the various results
that have been obtained to date and identifying conflicting
findings. In the section that follows, several plausible mech-
anisms that may underlie the reported crossmodal corre-
spondences between audition and taste are discussed.
Finally, the article concludes with a discussion of several
potentially fruitful avenues for future research.

Summary of previous findings concerning crossmodal
correspondences between gustation and audition

The basic idea that music may be described in terms of
gustatory stimulus qualities is certainly not new. Indeed,
one term that is often used to describe a style of musical
expression is “dolce.” This term is used to describe a gentle,
literally “sweet” style of musical phrasing (Fallows, s.a.).
Beyond such general analogies, though, it is worth noting
that some composers have subjectively associated specific
instruments with particular tastes; Berlioz, for instance, once
described the “small acid-sweet” sound of the oboe (Berlioz,
1856; quoted in Mesz et al., 2011, p. 209; see also
Baudelaire, 1857). In Huysmans’s Á rebours, the sensualist
character Des Esseintes builds a “liqueur flavours keyboard”
that allows him to play “on his palate a series of sensations
analogous to those wherewith music gratifies the ear.” For
Des Esseintes, the taste of dry curaçao is like the “clarinet
with its shrill, velvety note,” while kümmel (liqueur) corre-
sponds to “the oboe, whose timbre is sonorous and nasal”
(Huysmans, 1926; pp. 59–61). Furthermore, composers have
also used other idiosyncratic means of matching music to
tastes/flavors. So, for example, the German composer Carl
Gottlieb Hering used the notes c – a – f – f – e – e as the main
motive of his “coffee canon” for children (Johnson, s.a.). In
this case, however, the musical score was linked to taste in a
purely symbolic manner.

Crossmodal mappings between tastes/flavors and sounds

Apart from such subjective and idiosyncratic historical link-
ing of sounds to tastes/flavors, researchers have recently

2 The present article reviews research examining crossmodal corre-
spondences between basic tastes and complex flavors, on the one hand,
and pure tones and musical sounds, on the other. The inclusion of
flavors implies that olfactory sensations are at least partly involved in
the formation of sound–flavor correspondences (Spence et al., 2010).
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started to investigate crossmodal correspondences between
audition and taste empirically. A growing body of research
now demonstrates that Western participants will reliably
match specific acoustic and musical parameters with differ-
ent tastes, flavors, and oral-somatosensory food-related
experiences (e.g., Bronner, 2012; Bronner et al., 2008;
Crisinel & Spence, 2010a, 2010b; Mesz et al., 2011;
Simner et al., 2010).

In two early studies, Holt-Hansen (1968, 1976) had partic-
ipants match the pitch of a pure tone to two different brands of
beers. Surprisingly, the average pitch that participants selected
to match the taste/flavor varied as a function of the drinks
presented. Specifically, Carlsberg’s Elephant beer was
matched to an average frequency of 640–670 Hz, while reg-
ular Carlsberg was matched to a tone with a frequency of 510–
520 Hz. Even more intriguingly, some of the participants
reported very rich, unusual, and pleasant sensory experiences
when the perceived pitch and taste were judged to be “in
harmony”—a quasi-synaesthetic condition that the author
assumed to apply to only a small proportion of the population.

That said, a subsequent attempt to replicate Holt-Hansen’s
(1968, 1976) results was only partially successful (Rudmin &
Cappelli, 1983). Specifically, although both the original stud-
ies and the replication found differing “optimal” frequencies
for different kinds of beer, participants in the latter case did not
report any of the extraordinary experiences originally de-
scribed by Holt-Hansen. Since sample sizes were very small
in both Holt-Hansen’s original studies (N106, N209) and
Rudmin and Cappelli’s replication (N010), such results
should, perhaps, be interpreted with caution.

More recently, Crisinel and Spence (2009, 2010b) used a
simplified version of the Implicit Association Test in order to
test the strength of any crossmodal associations that might
exist between the pitch of musical sounds and basic taste
sensations. Specifically, the authors studied the associations
between high versus low pitch and sour versus bitter tastes
(Crisinel & Spence, 2009), as well as sweet versus salty tastes
(Crisinel & Spence, 2010b). Their results suggested that sweet
and sour tastes are associated with higher-pitched sounds,
whereas bitter tastes are associated with sounds having a
lower pitch (Crisinel & Spence, 2009). It is, however, unclear
whether the reported findings describe a mapping of relative
or of absolute pitch. That is, are sweet tastes mapped to a
specific frequency of sound, or merely to whichever sound
happens to have a higher frequency than any other sound
available in the relevant stimulus set? In fact, the majority of
studies of crossmodal correspondences to date have demon-
strated relative effects (e.g., for audio-visual correspondences;
Chiou & Rich, 2012). That said, it should perhaps be noted
that the participants in the later studies of Crisinel and Spence
(2011, 2012) chose moderate responses on the pitch scales (as
opposed to selecting the scale endpoints). This might suggest
a mapping of absolute pitch.

Since Crisinel and Spence (2009, 2010b) used food
names rather than actual tastants as stimuli, any matching
of such (imagined) tastes may have been inherently con-
founded with the linguistic features present in the food
names themselves (e.g., the roundedness vs. angularity of
the graphemes; Simner et al., 2010). Similarly, although not
proposed previously, specific phonetic qualities of the
speech sounds inherent in the food names themselves may,
through a process of subvocalization, have influenced par-
ticipants’ choice of pitch.3

Finally, given that loudness perception in humans is
nonlinear across the audible frequency range (Robinson &
Dadson, 1957; Suzuki & Takeshima, 2004), changing the
pitch or fundamental frequency of a harmonic sound while
keeping the volume constant necessarily results in sounds
with unequal loudness (remember that loudness is the per-
ceptual correlate of physical sound intensity/volume that
accommodates the human ear’s differential sensitivity to
specific frequencies and sound levels). This implies that
pitch and loudness were most likely somewhat confounded
in Crisinel and Spence’s (2009, 2010b) studies, since all
sounds were reportedly presented at a volume of 70 dB.
Had these authors used pure tones (instead of synthetic
instrumental sounds with more complex frequency spectra),
the lowest pitch (D2073.4 Hz) would roughly equal a
loudness of 40 phon or 1 sone, while the highest pitch
(C601046.5 Hz) would roughly equal a loudness of 70
phon or 8 sone (Suzuki & Takeshima, 2004). This means
the latter sound would, in theory, have been 8 times louder
than the former (Stevens, 1936).

Crisinel and Spence (2010a) addressed the concern about
using only imagined tastes in a follow-up study by replicating
the aforementioned experiment, but this time using actual
tastants instead of just the names of foodstuffs. Again, sweet
and sour tastes were consistently mapped to high-pitched
sounds, bitter tastes to low-pitched sounds, and salty tastes
to sounds having a medium pitch. In addition, this study
highlighted the existence of a number of crossmodal corre-
spondences between basic tastes and the sounds of various
musical instruments (i.e., sounds that differed only in terms of
their timbre). For instance, Crisinel and Spence’s (2010a)
results showed that bitter and sour tastes were reliably mapped
to trombone sounds (which were, in turn, evaluated as sound-
ing rather unpleasant by participants), while sweet tastes were
typically mapped to piano sounds (evaluated by participants
as rather pleasant). While this is certainly an interesting

3 Taking this idea further, it may theoretically be possible that even
when given a food or beverage to taste, participants might still conjure
up the name of that food or beverage and rely on linguistic and/or
phonetic features for the crossmodal mapping. To rule out such a
potential verbal mediation in the future, researchers might consider
using an articulatory suppression procedure (see, e.g., Stevenson &
Oaten, 2008).
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finding in its own right, the question naturally arises as to
which (psycho-)acoustic properties underlie this crossmodal
effect (or mapping). In psychoacoustic terms, the sound of a
trombone and the sound of a piano differ considerably in
terms of their timbre. This difference is mainly attributable
to a variation in prominent timbral dimensions—that is, the
statistical distribution of component frequencies in the sound
signal (usually referred to as spectral centroid, sharpness, or
brightness; Fastl & Zwicker, 2007) and attack/onset time.
Specifically, prior research into the perception of musical
timbre suggests that the spectral centroid of brass instrument
sounds is higher than that of piano sounds and that the attack
of piano sounds is shorter than that of brass instrument sounds
(Caclin, McAdams, Smith, & Winsberg, 2005; McAdams,
Winsberg, Donnadieu, De Soete, & Krimphoff, 1995). One
means of manipulating these timbral dimensions of mu-
sical sounds in a more systematic manner (as opposed
to using completely different instruments that may differ
in terms of many of their acoustic parameters) would be
to use synthesized sounds with carefully controlled
acoustical properties. In addition, cultural associations
for specific instruments (e.g., the frequent use of trom-
bones in “sombre” music) may have had an influence
on Crisinel and Spence’s (2010a) findings.

In another recent study designed to assess any crossmo-
dal correspondences that might exist between acoustic qual-
ities and basic taste sensations, Simner and her colleagues
(2010) extended Crisinel and Spence’s (2009, 2010a,
2010b) original research to vowel sounds. These authors
demonstrated that distinct properties of vowels could be
systematically linked to the four most commonly asserted
basic tastes (sweet, sour, salty, and bitter) and two levels of
taste intensity. Sweet tastes were consistently associated
with low spectral balance, low first formant frequency (F1,
inversely associated with vowel height), and low second
formant frequency (F2, inversely associated with vowel
backness). Thus, sweet taste was mapped to high-tongue-
position and back vowels. The mean values of the other
basic tastes regarding these auditory characteristics in-
creased in a sequence from sweet to bitter to salty to sour
tastes, with sour tastes being mapped to low-tongue-
position, front vowels. In terms of their temporal character-
istics, the sweet taste corresponded to more continuous,
smooth, vowel sounds without interruptions than did both
the bitter and sour tastes. Finally, more concentrated tastes
were mapped to increased spectral balance, higher F1 and
F2 (i.e., low-tongue-position, front vowels), and higher
vowel discontinuity (i.e., more staccato-like sounds).
However, several of the auditory dimensions examined in
this study are likely to have been confounded with auditory
loudness, since Simner and her colleagues equalized phys-
ical volume, but not the psychoacoustic loudness of their
auditory stimuli.

Crossmodal mappings involving musical sounds
and/or complex flavors

The studies discussed so far suggest that crossmodal corre-
spondences exist between low-level (psycho-)acoustic prop-
erties (pitch, spectral balance, etc.) and basic tastes (sweet,
sour, etc.). In further studies, to be discussed next, other
researchers have focused on more complex auditory and
gustatory stimuli, such as short musical sequences and
flavors.

In an extension of their earlier studies described above,
Crisinel and Spence (2011) also examined crossmodal cor-
respondences between flavored milk solutions and instru-
ment sounds. Consistent with their previous findings, these
authors observed a significant effect of flavor on the choice
of pitch (C2 to C6), and of instrument type (piano, strings,
woodwinds, and brass). As in several of the studies dis-
cussed earlier, the experimental design did not allow the
researchers to rule out possible confounds of loudness and
both pitch and instrument type.

Bronner and his colleagues (Bronner, 2012; ; Bronner et
al., 2008) looked for any crossmodal correspondences be-
tween music and flavors. In a first study, participants tasted
vanilla- and citrus-flavored drinks and then adjusted several
auditory properties to fit the flavor stimuli. Using descrip-
tive analysis rather than inferential statistics, the authors
identified differing auditory associations for vanilla and
citrus: The vanilla flavor corresponded to a soft, dull timbre
that was neither sharp nor rough, a small range ambitus, an
even, legato articulation, a nonsyncopated rhythm, a melody
with small step intervals, and a slow tempo. In contrast, the
citrus flavor was matched to a timbre that was bright, sharp,
and rough, a medium-to-high range ambitus, an accentuat-
ed, staccato articulation, a syncopated rhythm, a melody
with medium-to-large step intervals, and a lively and fast
tempo. On the basis of the results of this first study, both
shorter and longer pieces of music were then created to
optimally represent the flavors of orange, lemon, grapefruit,
and vanilla. The results suggested that individuals are able
to correctly match musical pieces to flavors. That said,
although the authors claimed that their research highlighted
a link between musical attributes and flavors, it is unclear
whether their results might not actually be described as
highlighting the musical parameters associated with sweet-
ness and acidity instead (Spence, 2012a), since these are
prominent attributes of the said flavors (see Stevenson &
Boakes, 2004).

A recent study by Knöferle and Spence (2012) provides
preliminary evidence that people systematically map a series
of psychoacoustic and musical properties onto basic tastes.
Using a slider controlling one auditory property of a short
chord progression at a time (synthesized from pure tones),
participants selected, on each trial, the sound that best
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matched a given basic taste word. First, the findings of
Knöferle and Spence’s study replicated the previously iden-
tified mapping between sweet tastes and higher pitch and
bitter tastes and lower-pitched sounds (Crisinel & Spence,
2009, 2010b). Sour and salty tastes ranged between sweet
and bitter tastes in terms of their pitch height. Second, the
results indicate that people consistently map auditory rough-
ness (Terhardt, 1974) onto basic tastes. On average, partic-
ipants selected the lowest roughness values for sweet taste
words, significantly higher values for salty tastes, and again
significantly higher values for sour and bitter tastes. Third,
participants consistently mapped sounds with a higher spec-
tral centroid onto sour tastes and sounds with a lower
spectral centroid onto bitter taste. Fourth, sweet tastes were
mapped onto sounds low in discontinuity, whereas sour, salty,
and bitter tastes were mapped onto high-discontinuity sounds.
Fifth, a significant difference also emerged for musical tempo,
with sour tastes resulting in the highest average tempo and
bitter taste linked to the lowest average tempo. Finally, attack/
onset time of the sounds was not reliably linked to any of the
basic tastes. In this study, special attention was given to
equalize the loudness of all of the auditory stimuli in order
to rule out a confounding of auditory roughness and pitch with
loudness. This was accomplished by computing averaged
loudness values for each stimulus as described in ISO532 B
and then adjusting all sounds to the smallest obtained loudness
value. However, since again, taste words rather than actual
tastants were used in this study, an influence of typographic or
phonetic features of the taste words on participants’ auditory
selections cannot be ruled out.

In another recent experiment designed to investigate any
crossmodal correspondences between basic tastes and mu-
sic, professional musicians improvised freely on the theme
of basic taste words (e.g., “salty”; Mesz et al., 2011). The
musical features of the musicians’ resulting improvisations
were coded and statistically compared and, as it turned out,
reliably differed across the basic taste words. For example,
the term “salty” consistently led to musical improvisations
featuring staccato phrasings, while the concept of a “bitter”
taste led to improvisations that were dominated by low-
pitched sounds and legato phrasings. In a second experi-
ment, those without any musical expertise were able to
reliably map the musical improvisations to the four basic
tastes. Similarly, a third experiment demonstrated that mu-
sical pieces created on the basis of the identified taste
profiles using a computer algorithm were also reliably
mapped (Mesz et al., 2012). The combined results from
these experiments imply that analogies between auditory
and gustatory cues are bidirectional, such that auditory cues
can be mapped onto gustatory qualities and vice versa. Yet
again, the fact that in the experiments, Mesz and his col-
leagues (2011) used taste words rather than actual tastants
limits the informative value of the findings. Given that

music is often characterized in emotional terms and that it
can communicate human and, particularly, emotional qual-
ities (Fritz et al., 2009; Watt & Quinn, 2007), it is quite
possible that at least some of the supposed taste words used
to guide the musical improvisations in the first experiment
(e.g., “sweet” or “bitter”) were not interpreted exclusively as
cues to basic tastes, but also as cues to emotional qualities
(e.g., in English, people talk of feeling bitterness about . . .).
Such an interpretation in emotional terms is even more
likely to have happened since the musicians in Mesz et
al.’s study were also asked to improvise on a number of
nontaste, emotion words widely used in music (e.g.,
“feroce,” “dolente”). What Mesz et al. would have shown,
in the case of such an emotional interpretation, was a cor-
respondence not between musical attributes and taste qual-
ities, but between musical attributes and emotional concepts.

Focusing on flavors and speech sounds, Ngo, Misra, and
Spence (2011) looked for any associations between chocolates
varying in their cocoa content and “rounded” versus “angular”
words. In three studies, the authors demonstrated that low-
cocoa (i.e., sweet) chocolates are consistently associated with
words featuring soft nasal and lateral consonants and back
vowels (e.g., “lula,” “maluma”), whereas high-cocoa (i.e.,
bitter) chocolates are associated with words containing hard
plosive consonants and more front vowels (e.g., “tuki,”
“takete”). Although the chocolates used in the studies com-
prised complex flavors/foodstuffs, which are difficult to dis-
entangle in terms of their most salient basic sensory qualities,
the authors argued that the variation along the bitter–sweet
continuum was the principal driver of the crossmodal corre-
spondences that were observed. On a more critical note, one
could argue as to whether the results provide any sup-
port for the existence of specifically auditory–gustatory
correspondences at all. Indeed, since the verbal cues
were always presented to participants visually, the cross-
modal correspondences evidenced in this study may
either partly, or even perhaps exclusively, have been
driven by visual/typographic rather than auditory/pho-
netic factors of the stimuli. While one might think that
such ambiguity could be resolved by presenting the
stimuli auditorily, it is always going to be difficult to
rule out completely the possibility that people do not
simply imagine the visual form of the auditory concept
(i.e., a graphemic representation).

Interim summary

The studies reviewed thus suggest that people are often
able to map sounds to tastes in a manner that is non-
random. On the basis of this previous research, the
sonic elements that appear to be associated with each
of the four most frequently mentioned so-called basic
tastes are summarized in Table 1.
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By and large, the crossmodal correspondences reported so
far show several striking consistencies. For example, the
results of many studies now indicate that higher-pitched
sounds are reliably mapped onto sweet and sour tastes, where-
as lower-pitched sounds are mapped onto bitter tastes
(Crisinel & Spence, 2009, 2010a, 2010b, 2012; Knöferle &
Spence, 2012; Mesz et al., 2012; Mesz et al., 2011).
Furthermore, in all of the studies described above that in-
volved a manipulation of the spectral balance of sounds, sweet
tastes were mapped onto lower spectral balance, while sour
tastes were mapped onto higher spectral balance (Bronner,
2012; Knöferle & Spence, 2012; Simner et al., 2010).

Interestingly, Simner et al. (2010) noted in their study that
sour tastes mapped onto higher values of F1 and F2 as well.

By integrating this finding with the results of Crisinel and
Spence’s (2009) study, which suggest that sour tastes map
onto higher values of F0, Simner et al. arrived at the general-
ization that “it seems well supported that sour tastes may map
to sound characteristics with higher frequency” (Simner et al.,
2010, p. 563). While this observation would seem to be
appropriate, it is important to note that the acoustic measures
in question are linked to quite different perceptual correlates.
Whereas fundamental frequency (F0) is positively correlated
with the perceived pitch height of a sound (i.e., a higher F0
indicates a higher pitch), the formant frequencies F1 and F2
are negatively correlated to vowel height and vowel backness
(note that higher F1 means lower vowels, while higher F2
means front vowels). In other words, an increase in F0 is

Table 1 Summary of crossmodal correspondences between basic tastes and sonic elements demonstrated to date

Author(s) Auditory property Sweet Sour Salty Bitter

Bronner, 2012 Sharpness/spectral balance low high

Roughness low high

Ambitus small large

Articulation legato staccato

Rhythm even syncopated

Melodic intervals small large

Melodic consonance consonant dissonant

Tempo slow fast

Crisinel & Spence, 2009 Pitch high low

Crisinel & Spence, 2010a Pitch high high average low

Instrument type piano brass brass brass

Crisinel & Spence, 2010b Pitch high high ns ns

Crisinel & Spence, 2012 Pitch higher lower

Instrument type piano ns

Knöferle & Spence, 2012 Pitch high average average low

Roughness low high average high

Sharpness/spectral balance ns high ns low

Discontinuity low high high high

Attack ns ns ns ns

Speed ns fast ns slow

Mesz et al., 2011 Pitch average high low low

Articulation legato average staccato legato

Loudness soft average average average

Chord consonance consonant dissonant average average

Melody consonance consonant dissonant average average

Ngo et al., 20112 Consonants soft hard

Vowel backness back front

Simner et al., 2010 Vowel height higher lower lower lower

Vowel backness3 back front front front

Discontinuity lower higher ns higher

Spectral balance lower higher ns ns

1 One might argue that the observed difference in instrument choice in fact reflects differences in the acoustic parameters of these instrument sounds—
namely, the spectral centroid (higher for brass) and the onset time (shorter for piano).
2 In this study, basic tastes were not manipulated directly and independently, but only indirectly through chocolate with varying cocoa content.
3 These effects were significant but failed to survive Bonferroni correction.
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perceptually very different from an increase in F1, and the
question therefore arises as to why these very different per-
ceptual qualities should be similarly linked to sour tastes, or
what underlying perceptual dimension would cause the effect
in the first place. Unfortunately, Simner et al. (2010) did not
vary vowels by pitch height (F0) in their experiment, and thus
a direct comparison with the pitch-related results of Crisinel
and Spence (2009, 2010b, 2012) is difficult to make.

To highlight another example of an apparently robust
crossmodal mapping, in studies on correspondences between
tastes and music, sweet tastes have consistently been associ-
ated with consonant chords and legato articulations, whereas
sour tastes have beenmapped to dissonant chords and staccato
articulations (Bronner, 2012; Mesz et al., 2012; Mesz et al.,
2011). On a more speculative note, such a crossmodal
mapping may be attributable to perceived similarities in
(hedonic) patterns of tension and relaxation. In music,
dissonances have often been regarded as tensions, which
are resolved by relaxations in the form of consonances
(Bigand & Parncutt, 1999; Schenker, 1979). Similarly,
sour tastes often elicit a tensing of the facial muscles
(eye-squinting, nose-wrinkling) as part of an aversive
reaction (Steiner, Glaser, Hawilo, & Berridge, 2001).

Findings concerning auditory–gustatory properties also ex-
hibit consistencies with previous research on amodal stimulus
properties. More specifically, previous research has found sour-
tasting citrus flavor (Bronner, 2012) and the taste word “sour”
(Knöferle & Spence, 2012) to be associated with fast musical
tempos. Looking beyond the field of audition and taste, these
results appears to be consistent with the observation that people
naturally agree that lemons are fast rather than slow (B. C.
Smith, 2012). Since tempo is an amodal stimulus property,
one might therefore speculate that the mapping reported by
these authors might actually be indicative of a more general
correspondence between sour taste and fast tempo.

These consistent findings notwithstanding, it is worth
pointing out that the present body of research also exhibits
at least some inconsistency in terms of the crossmodal
pairings that have now been documented. Whereas the
results of Mesz et al.’s (2011) study highlighted a putative
crossmodal correspondence between bitter tastes and the
predominance of legato sounds, Simner et al. (2010)
reported bitter tastes to be related to staccato vowel sounds
instead. One potential explanation for this inconsistency
would be that auditory–gustatory correspondences do not
necessarily hold true for different classes of sounds (musical
and speech sounds, respectively). However, this would seem
rather unlikely, since the auditory feature in question—au-
ditory discontinuity—is a low-level parameter that should
be processed and perceived similarly in both domains.
Alternatively, since Mesz et al. (2011) studied taste–sound
mappings in a South American sample, it is always possible
that cross-cultural differences may be responsible for the

conflicting results (e.g., Shankar, Levitan, & Spence, 2009).
A comprehensive cross-cultural study including both musi-
cal and speech sounds could shed light on this question.

Despite such minor inconsistencies in the literature, other
auditory characteristics exhibit comparable mappings between
the domains of speech and nonspeech sounds. For instance, both
Crisinel and Spence (2010a) and Simner et al. (2010) reported
that sounds with low spectral balance (piano sounds, which are
relatively low in high-frequency harmonics, and vowel sounds
with low spectral balance, respectively) were associated with
sweet tastes. Likewise, the sweet–legato and sour–staccato map-
pings appear to hold for both speech and musical sounds
(Bronner, 2012; Mesz et al., 2011; Simner et al., 2010).

On a more general level, several studies now appear to
challenge the view that the established basic tastes are theo-
retically separate and perceived as genuinely distinct sensa-
tions (Erickson, 2008). As was noted by Simner et al. (2010),
this kind of distinct-sensation account would predict that each
of the basic tastes should be mapped onto clearly distinct
auditory parameters. Simner et al.’s own findings, however,
as well as more recent results of Knöferle and Spence (2012),
seem to suggest that not all of the basic tastes result in equally
distinct mappings. For example, sour and salty tastes behave
similarly when mapped onto pitch (Knöferle & Spence,
2012), vowel height, and vowel backness (Simner et al.,
2010) and elicit responses that are clearly different from those
seen for sweet taste. Similarly, sour, salty, and bitter tastes
appear to group with each other when mapped onto auditory
discontinuity (Knöferle & Spence, 2012) and instrument type
(Crisinel & Spence, 2010a). As was proposed before, this
finding might indicate a hierarchical ordering of basic tastes,
in support of Erickson’s (2008) across-fibre patterning theory
(Simner et al., 2010).

Possible mechanisms underlying crossmodal
correspondences between tastes/flavors and auditory
stimuli

Given that a multitude of crossmodal mappings has been
observed in empirical studies by now, the question arises as
to what mechanisms might explain the reliable (i.e., nonran-
dom) and seemingly ubiquitous matching of specific tastes
to specific auditory stimuli. To date, several intriguing (al-
beit speculative) explanations have been put forward regard-
ing the origins of the crossmodal correspondences between
sound and taste/flavor reviewed above.

Intensity matching

The first explanation regarding the origin of crossmodal
correspondences is based on Stevens’s idea of intensity
matching (Stevens, 1957; although see also earlier
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discussions of sensory brightness: Cohen, 1934; Hornbostel,
1931; Schiller, 1935). Intensity matching describes the pos-
sibility of there being mappings between unimodal stimulus
attributes that are magnitude based or prothetic—that is, that
can be described in categories of “less” and “more.” In terms
of auditory–gustatory/flavor correspondences, one would,
for example, expect auditory loudness to map onto the
intensity of a gustatory stimulus, with an increase in one
property being mapped onto an increase in the other prop-
erty/dimension (L. B. Smith & Sera, 1992). Critically, if
rigorous experimental control of loudness is not ensured in
studies in this area, the matching of the intensity of sensa-
tions across different sensory modalities may easily con-
found or conceal other mappings.

Hedonic matching

An alternative idea is that people match tastes that are
perceived to be unpleasant (e.g., bitter) with sounds that
are less pleasant (e.g., trombone sounds), and more pleasant
tastes (e.g., sweet) with more pleasant sounds (e.g., piano
sounds; Crisinel & Spence, 2010a, 2012). In other words,
certain crossmodal correspondences may be mediated by the
common emotional valence of different stimuli. In general,
such a hedonic matching account has received support from
a variety of sources (see, e.g., Collier, 1996; Osgood, Suci,
& Tannenbaum, 1957; Schifferstein & Tanudjaja, 2004).
Relevant evidence pertaining to the case of crossmodal
correspondences between audition and taste is, however,
sparse. That said, the results of an experiment reported by
Crisinel and Spence (2010a) showed that any matching of
the pleasantness of different stimuli, if applicable to corre-
spondences between gustatory and auditory stimuli, is by no
means the whole story. These authors found that unpleasant
tastants (e.g., very salty tastes) do not, in every instance,
lead to a selection of sounds that are rated as unpleasant
(i.e., the sound of a trombone). Even more strikingly, in
another experiment designed to test for any crossmodal
mappings between differently flavored chocolates (milk,
marzipan, dark) and sounds varying in their pitch and in-
strument type, Crisinel and Spence (2012) reported that
while their participants’ choice of instrument could be pre-
dicted by the pleasantness ratings they gave to the various
chocolates, their choice of pitch was not. This finding clear-
ly indicates that some other mechanism must underlie the
taste/flavor–pitch mapping.

Statistical co-occurrences

A third suggestion has been that the bitter–sweet to low–high
vowel correspondence (Simner et al., 2010) may originate in
the innate orofacial gestures that we all make in response to
gustatory stimuli featuring basic tastes at birth (Spence,

2012a). That is, babies of different mammalian species, in-
cluding humans, have been shown to protrude their tongue
outward and upward in response to pleasant tastes and out-
ward and downward in response to aversive tastes (Steiner et
al., 2001). When air is exhaled, tongue positions such as these
would be expected to result in high (e.g., [i] and [u], with
lower F1) and low vowels (e.g., [a], with higher F1), respec-
tively (Ladefoged & Johnson, 2011, pp. 22–23). This account
can be thought of as a form of statistical co-occurrence that
causes individuals to match naturally co-occurring unimodal
stimulus attributes on the basis of their prior experiences. In
this case, though, the statistical co-occurrence consists of the
experience of an individual generating specific auditory cues
in response to specific gustatory input early in life (or the
observation of such behavior in other individuals). One might
expect that such learned associations would be universal, if
they are, for instance, related to physical laws (such as the
physical mapping between the size of objects and the pitch
and loudness of the sounds theymake; see Parise & Spence, in
press) or to experiences shared by all human (or mammalian)
beings (Spence, 2012a).

Semantic matching

Fourth, semantically mediated correspondences may develop
if the same terms or concepts are used to characterize sensa-
tions arriving from different sensory modalities. An example
of the use of shared verbal labels would be the terms “high”
and “low” in order to describe perceptual phenomena as
different as auditory pitch, spatial configuration, and notes in
a perfume. Along these lines, prior research has shown that
people match high pitch with high spatial elevation, while
matching low pitch with low spatial elevation (Melara &
O'Brien, 1987; Pedley & Harper, 1959; Pratt, 1930;
Rusconi, Kwan, Giordano, Umiltà, & Butterworth, 2006).4

One possible explanation for this ability to map sensory cues
on the basis of common semantic features can be found in the
semantic coding hypothesis (Martino & Marks, 1999, 2000).
According to this account, these interactions between the
senses may take place at a late stage of information process-
ing—after information arriving in different senses has been
encoded into a common, abstract (possibly semantic or even
verbal) representation.

With regard to gustatory–auditory correspondences, the
metaphorical use of taste words (e.g., “a sweet melody”) to
describe auditory percepts has been addressed above.
Regarding causality, it is hard to tell whether the consistent
usage of a certain term (e.g., sensory metaphor; Marks,

4 At first glance, this particular mapping might appear to rather be an
instance of intensity matching. Pitch height may seemingly reflect a
prothetic stimulus attribute (i.e., one that differs in quantity), when, in
fact, it is a metathetic dimension (i.e., one that differs in quality; cf. L.
B. Smith & Sera, 1992; Spence, 2011a).
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1991; Williams, 1976) across different modalities would be
the cause or the consequence of a crossmodal mapping (see
also Spence, 2011a). In other words, the question here is
whether people map sweet tastes to what they perceive as
sweet music because consistent terminology is coincidental-
ly used to describe both modalities, or whether people use
consistent terminology because of latent, nonsemantic rela-
tionships between the two senses. If the latter were found to
be correct, the question would, of course, arise as to what
kind of latent mechanism actually drives the consistent use
of terminology (e.g., statistical co-occurrences or structural/
functional properties of the brain).

Interim summary

To summarize, different accounts have been put forward,
some (or all) of which may drive the auditory–gustatory
crossmodal correspondences that have been observed to
date. Note that these accounts should not necessarily be
thought of as mutually exclusive alternatives but, rather, as
possibly complementing each other—both in terms of
explaining specific crossmodal correspondences and in
terms of explaining crossmodal correspondences in general
(Spence, 2011a). More specifically, there seems to be good
reason to believe that different kinds of correspondences
might be driven (or explained) by different mechanisms.
The question, then, would be to ascribe specific mechanisms
(or combinations of such mechanisms) to particular audito-
ry–gustatory mappings, a venture that has only just begun to
be tackled by researchers (see, e.g., Crisinel & Spence,
2012). Eventually, research in this area will hopefully lead
to a better understanding of which of the crossmodal map-
pings between audition and taste stem from experiential or
cultural factors and which, if any, are universal.

Speaking of universal correspondences, it should be not-
ed that one specific mechanism known to drive other types
of crossmodal correspondences—namely, structural corre-
spondences—has not yet been tested in studies on auditory–
gustatory correspondences. Structural correspondences are
crossmodal mappings that originate from the specific orga-
nization or architecture of the cognitive system. Such corre-
spondences may, for example, arise when two unimodal
stimulus properties are represented by the same neural sub-
strate or if certain neural connections are present at birth
(Mondloch & Maurer, 2004). Identifying this type of mech-
anism as a driver for specific sound–taste mappings could,
indeed, be seen as strong support for the universality of such
mappings (Walsh, 2003).

Note that all of the mechanisms discussed above attempt
to explain the regularities and patterns observed in cross-
modal mappings. The question, however, as to why people
should match specific tastes to specific sounds in the first
place has not as yet been answered satisfactorily. While

crossmodal correspondences between, say, the visual and
the gustatory modality can easily be hypothesized to serve
an evolutionary purpose (e.g., both the redness and sweet-
ness of a fruit can serve as indicators of its nutritional value;
Hoegg & Alba, 2007; Maga, 1974; Spence et al., 2010),
auditory–gustatory correspondences do not immediately
seem to give rise to any obvious direct evolutionary advan-
tage. One possible explanation for this phenomenon refers
to the very nature of statistical learning, or predictive coding
(Friston & Kiebel, 2009; Kilner, Friston, & Frith, 2007).
Such a mechanism can be thought to be generally useful in
that it will pick up on any regularities that are present in the
environment, allowing individuals to make predictions on
the basis of these regularities, and use the predictions to
react more rapidly and accurately to environmental stimuli.
In doing so, it may have originally evolved to facilitate the
processing of fragmented unimodal information (Crisinel &
Spence, 2011; Spence et al., 2010). However, such a general
mechanism—as a by-product—will likely also pick up on
correlations of sensory features that co-occur incidentally.
For instance, the orofacial account proposed in the
Statistical Co-Occurrences section is based on the idea that
the experience of sweet (bitter) taste is subjectively linked to
high-pitched (low-pitched) vocalizations, which may be a
mere by-product of the facial expressions triggered by the
respective taste. On the other hand, such a mapping may
indeed serve an evolutionary purpose; it might have devel-
oped as a means for sharing information about the salubri-
ousness of food within social groups. In this case, an
individual’s high-pitched vocalizations in response to food
stimuli would have signaled that the food was very likely
high in nutrients and safe to ingest.

Avenues for future research

Identifying additional auditory parameters

The present state of research in the area of crossmodal
correspondences provides ample opportunity for additional
work. Future studies should, for instance, attempt to identify
specific auditory parameters that correspond to particular
taste qualities. For example, research in the field of musi-
cology suggests that the mode (e.g., minor or major) of a
scale, a chord, or even a song provides a strong indicator of
its emotional valence, with the major mode being associated
with positive valence and the minor mode being associated
with negative valence (Gagnon & Peretz, 2003; Hevner,
1935). More recently, the argument has been put forward
that the differential emotional effect of the minor and major
modes may be related to acoustic patterns observable in
animal vocalizations and, more particularly, in human
speech (Bowling, Gill, Choi, Prinz, & Purves, 2009; Cook,
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2007). Given that one source of crossmodal corresponden-
ces between auditory stimuli and tastes may be a hedonic
matching of stimuli, it can be expected that the more pleas-
ant mode (i.e., the major mode) will be matched to the more
pleasant basic tastes (i.e., sweet; Moskowitz, Kluter,
Westerling, & Jacobs, 1974), and flavors. In this context, it
would also be informative to study the relationship between
tastes/flavors and musical consonance. While in one, as yet
unpublished study (Bronner, 2012), vanilla and citrus fla-
vors were consistently mapped to music featuring high and
low consonance, respectively, in another, the manipulation
of consonance (i.e., consonant vs. dissonant triad chords)
failed to give rise to a significant effect on the perceived
taste of milk and dark chocolate (Spence & Shankar, 2010).5

The latter result seems surprising, given that consonance is a
musical attribute that should be strongly related to hedonic
valence and the hedonic value of background sounds has
been shown to bias concurrent taste evaluations (Woods et
al., 2011). In the light of these inconclusive results, we
would suggest that it might thus be fruitful to revisit poten-
tial links between basic tastes and musical consonance, in
terms of both matching basic tastes to consonant versus
dissonant sounds and examining crossmodal effects of con-
sonance on basic taste perception.

Examining crossmodal correspondences for additional
gustatory parameters

In order to complement the auditory–gustatory correspond-
ences that have been documented to date, it would also be
worthwhile to examine which acoustic properties map onto
the taste of umami (Kawamura & Kare, 1987). This may
prove to be a particularly challenging venture in the West,
since umami, despite being an indicator for protein-rich
food (Yamaguchi & Ninomiya, 1999), is not a very familiar
(or rather, identifiable) sensation to most people.

Opportunities for additional research also arise from
studying crossmodal correspondences both in the domain
of basic tastes and with regard to complex flavors. The
question of whether to focus on basic tastes or complex
flavors in crossmodal studies should be considered in the
light of the ongoing discussion about whether or not basic
tastes do, in fact, exist (Delwiche, 1996; Erickson, 2008).
Given that complex flavors, rather than basic tastes, are what
people normally experience in their daily lives, future research
should perhaps pay increased attention to the existence of any

crossmodal correspondences regarding flavors. However, that
said, studying flavors can be expected to be more challenging
than studying basic tastes, since a generally agreed upon
classification for flavors still does not exist.

Auditory–gustatory correspondences and multisensory
processing

Comparing the nascent research on auditory–gustatory cor-
respondences with the broader work on other crossmodal
correspondences (particularly audio-visual) reveals impor-
tant research questions and related experimental paradigms,
which have not yet been addressed with regard to auditory–
gustatory correspondences. In general, it is not yet clear how
auditory–gustatory correspondences influence several key
aspects of multisensory information processing.

For instance, it would be worthwhile to study whether
correspondences between auditory and gustatory features
affect selective attention and whether corresponding audito-
ry–gustatory dimensions are integral or separable
(Pomerantz & Garner, 1973; Shalev & Algom, 2000).
Studies of other crossmodal correspondences have success-
fully used Stroop tasks and Garner’s speeded discrimination
paradigm to examine these questions (Patching & Quinlan,
2002). While such evidence is still missing for audio–gus-
tatory correspondences, previous research into Stroop inter-
ference between olfaction and gustation (White & Prescott,
2007), as well as interval–taste synaesthesia (Beeli et al.,
2005), suggests that speeded reaction time designs can be
used to study crossmodal correspondences between gusta-
tion and audition.

Similarly, regarding the stage of information processing
at which auditory–gustatory correspondences might occur, it
would be interesting to test whether these mappings are
dependent on directing attention to the features involved.
For this purpose, research on correspondences between oth-
er sensory modalities has used indirect tasks that draw
attention away from the relevant features (e.g., Evans &
Treisman, 2010). Such paradigms could readily be applied
to study auditory–gustatory correspondences—for example,
by varying auditory and gustatory features in a speeded
classification task of another, unrelated auditory or gustatory
property. Alternatively, temporal order judgment tasks could
be used to examine this question (Kobayakawa & Gotow,
2011; Parise & Spence, 2009).

Furthermore, researchers could also potentially adapt the
combined event-related potential and transcranial magnetic
stimulation (TMS) methodology utilized recently by Bien,
ten Oever, Goebel, and Sack (2012) in order to try and
identify the neural substrates underlying auditory–gustatory
correspondences (Spence & Parise, 2012). In their study,
Bien and her colleagues used TMS in order to temporarily
lesion the right intraparietal cortex—a brain region that is

5 Previous research has distinguished between two types of conso-
nance: sensory consonance (the absence of annoying factors, also
applicable to nonmusical sounds) and musical consonance (music-
specific principles of tonal affinity, compatibility, and fundamental–
note relation). In the present research, consonance refers to the latter,
musical notion of the term, which includes sensory consonance (see,
e.g., Fastl & Zwicker, 2007, pp. 362–366; Terhardt, 1984).
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assumed to play a role in multisensory processing
(Muggleton, Tsakanikos, Walsh, & Ward, 2007). Notably,
the temporal lesioning eliminated the effect of crossmodal
pitch–size congruency on multisensory integration (specifi-
cally, on the spatial ventriloquism effect) in the context of an
auditory localization task. These findings suggest that the
approach of Bien and colleagues may be applied to dissoci-
ate between different types of crossmodal correspondence.

The influence of individual and cultural differences
on crossmodal correspondences

Another opportunity for research pertains to the role of
individual differences in the perception of crossmodal cor-
respondences. As was pointed out by Crisinel and Spence
(2010b), one might expect musical expertise to moderate the
strength and/or reliability of crossmodal correspondences
between basic tastes and more subtle aspects of music, such
as timbre or musical intervals. Therefore, the musical exper-
tise of participants should be measured in future research.
Similarly, gustatory expertise might act as a moderator (it
should be noted, though, that participants’ taste expertise
did not have a significant effect on the strength of cross-
modal effects or error rates in Crisinel & Spence, 2009).

Spence (2011c) has noted that cross-cultural investiga-
tions are likely to become more important, too (Henrich,
Heine, & Norenzayan, 2010; see also Walker, 1987).
Specifically, studying gustatory–auditory correspondences
in non-Western populations may be instructive in terms of
the better understanding that the results of such research
might provide concerning the relative contributions of
cultural-environmental versus phylogenetic influences on
different types of crossmodal correspondences. Recent stud-
ies have started to make at least some progress along these
lines, lending support to the claim of universality for spe-
cific types of crossmodal correspondences, while refuting it
for others. To mention one particular example, intercultural
studies of late indicate that African and Western participants
share certain correspondences between shapes and speech
sounds, while differing in terms of shape–taste correspond-
ences (Bremner et al., 2012). Such results could certainly be
taken to indicate that the tested shape–taste correspondences
stem from culture-specific factors.

Effects of auditory–gustatory crossmodal correspondences
on the perception of the unimodal component stimuli

The effects of crossmodal correspondences have tradition-
ally been distinguished in terms of decisional and perceptual
consequences (Spence, 2011a). While it seems very likely
that stimuli sharing a crossmodal correspondence can have
decisional effects, there have been tentative suggestions that
such stimuli also have perceptual consequences (e.g., they

may sometimes influence the perception of the unimodal
component stimuli).

However, empirical evidence of such perceptual effects of
crossmodally congruent auditory and gustatory stimuli is, as
yet, still rare. In the case of food products, a co-occurring
auditory stimulus can enhance the perceived intensity of basic
taste components that are crossmodally congruent with it (see
also research into smell–taste congruence and enhancement;
Schifferstein & Verlegh, 1996; Stevenson & Boakes, 2004).
For example, soundtracks designed to be congruent with
sweet tastes (i.e., containing higher-pitched sounds) intensify
the perception of sweetness in a bittersweet toffee (Crisinel et
al., 2012). The authors discuss two possible explanations for
this effect. First, crossmodally corresponding stimulus attrib-
utes might give rise to enhanced multisensory integration, an
explanation discarded by the authors as rather improbable
given that the onset of the auditory cue preceded the onset
of the gustatory cue. Second, crossmodally corresponding
stimulus attributes might unconsciously stimulate expectancy
effects by triggering specific expectations, thus priming the
associated sensory attributes in the subsequent taste percep-
tions. As long as the actual experience is not too different from
prior expectation, the final percept could then be expected to
remain anchored to the initial expectation (see Schifferstein,
2001; Yeomans, Chambers, Blumenthal, & Blake, 2008).

Since the perception of taste and flavor appears to be
particularly susceptible to the influence of nongustatory
information (Elder & Krishna, 2010; Hoegg & Alba, 2007;
Spence et al., 2010), congruency-related biases of taste
perception may be more likely to occur than biases of a
“more dominant” sensory modality (such as vision). Along
these lines, Yorkston and Menon (2004) examined how
brand names differing in vowel backness affected the
expected creaminess of ice cream. Their results suggested
that back vowel brand names (e.g., “Frosch”) led to higher
expectations of product creaminess than did front vowel
brand names (e.g., “Frisch”).

Another opportunity for research pertains to the di-
rectionality of auditory–gustatory crossmodal corre-
spondences. While some research has been conducted
to study the effects of stimuli featuring auditory–gusta-
tory correspondences on gustatory perception, effects in
the other direction have not yet, as far as we are aware,
been examined. For example, it would be interesting to
determine whether the gustatory properties of a food-
stuff can influence the perception of simultaneously
presented auditory stimuli (e.g., music).

While it thus seems very plausible that crossmodal con-
gruency can influence perceptions of unimodal stimulus
attributes, this effect likely depends on the particular mo-
dalities involved, on the nature of the correspondence (and
the underlying mechanism), and on the task to be performed
(Spence, 2011a).
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Studying crossmodal correspondences in ecologically valid
contexts

Related to the preceding section, a very promising direction
for future research could be to transfer the findings
concerning auditory–gustatory crossmodal correspondences
to other relevant disciplines, such as consumer psychology
and marketing. In the case of consumer psychology, for
example, it has been found that products with semantically
congruent tactile and olfactory features are evaluated more
favorably than products with semantically incongruent fea-
tures (Krishna, Elder, & Caldara, 2010; see also Seo &
Hummel, 2011). This effect may be explained by findings
demonstrating that semantic congruence can lead to en-
hanced behavioral performance (Chen & Spence, 2010;
Laurienti et al., 2004), which, when metacognitively expe-
rienced as fluent processing, can, in turn, be expected to
positively influence product evaluation (since fluent pro-
cessing is known to be able to affect emotions and judg-
ments; Reber, Winkielman, & Schwarz, 1998; Schwarz,
2004). Therefore, while semantic factors have received
scholarly attention, the influence of crossmodal correspond-
ences as a driver of multisensory congruence effects in
evaluation and choice tasks has not yet been examined. In
particular, it would be worthwhile to study the effects of
crossmodal correspondences on consumers’ preferences and
behavior, both in the context of product perception and
in the context of retail atmospherics. For example,
would bitter products such as coffee benefit from being
advertised using music that features crossmodally con-
gruent acoustic properties, even if that involves musical
features that are perceived as unpleasant? This congru-
ency effect, should it emerge, would be particularly
interesting, since it runs counter to conventional wisdom
and might be interpreted building on feelings-as-
information theory and mood misattribution (Schwarz
& Clore, 1983, 2003). Overall, the opportunities for
studying the marketing implications of crossmodal cor-
respondences in the laboratory or in the field are man-
ifold (see, e.g., Spence, 2011b, for a description of a
collaboration with Starbucks) and are only now begin-
ning to be understood (Nelson & Hitchon, 1995, 1999).

Relatedly, knowledge about crossmodal corresponden-
ces may also be applicable to the study of the various
arts and, more generally, to the field of aesthetics. For
instance, insights into crossmodal correspondences, espe-
cially those regarding their relationship to metaphors
(Marks, 1982, 1991), may help to explain the aesthetic
effects of specific artworks or even lead to a better
understanding of art in general. In a more applied sense,
the application of the findings reported here in art may
allow the creation of works of art that lead to new
aesthetic experiences.

Conclusions

As the findings reviewed in the present article demonstrate,
there is now a solid body of experimental research to show
that neurologically normal individuals map tastes (and other
aspects of flavor/oral-somatosensation) and both musical
and nonmusical sounds in a nonrandom manner. While
findings like these further our understanding of the interac-
tion of our various senses, they seem to be strikingly differ-
ent from reports of “true” synaesthetes (otherwise referred to
as cases of “strong” synaesthesia; Martino & Marks, 2001):

I’ve always had a connection betweenmusic and tastes in
my mouth associated with particular instruments and
notes. It is strongest when I listen to individual instru-
ments and the clearer and less ‘muddy’ the pitch, the
stronger the taste. Some examples: Violins taste like
lemons. Cellos can be orange, or cherry if they play very
low. Bass is cherry. Woodwinds tend to be ‘herbal’—like
mint or some kind of herbal tea. (Day, 2011, pp. 18–19).

Thus, one important question in the field of multisensory
perception still remains to be answered: Are “true” synaes-
thesia and crossmodal correspondences qualitatively differ-
ent phenomena, or are they manifestations of a more or less
continuous spectrum of crossmodal links, possibly rooted in
the same neurocognitive mechanism (Beeli et al., 2005;
Bien et al., 2012; Brang, Williams, & Ramachandran,
2012; Deroy & Spence, 2012; Gallace, Boschin, &
Spence, 2011; Martino & Marks, 2001; Ward, Huckstep,
& Tsakanikos, 2006)? Whatever the answer to this question
turns out to be, the key point to note is that crossmodal
correspondences between sounds and tastes/flavors reflect a
robust empirical phenomenon with potentially widespread
applications.
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