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ABSTRACT

Similarity has been a central concern for millennia, drawing the attention of philosophers, scientists, and artists.
The issue of similarity is especially intriguing in the domain of the senses (and of sensory perception), where
considerable research effort has been devoted to describing the affinities and divergences between different
sensory modalities. In this work, we critically review the multiple different ways in which ‘sensory similarity’ has
been theorized, highlighting how the similarities and analogies that researchers have proposed between the
senses tend to constrain the theorization about how the senses operate. Similarities between different pairs of
senses have been identified at multiple levels including in terms of stimuli/energy, transduction mechanisms,
information-processing, synthetic/analytic analysis, perceptual organization, similarity of structure of the sen-
sory space, and/or of the temporal evolution of different kinds of sensations. Based on the reviewed evidence, we
propose an integrated framework, suggesting that sensory similarity can be understood as arising from (i) shared
phenomenal qualities, (ii) analogous structural or organizational patterns, or (iii) convergent affective or se-

mantic meanings, each grounded in increasingly cognitive and culturally-mediated processes.

1. Introduction

From the Greek philosophers through to contemporary scientists, the
senses have long captivated human inquiry. Since Aristotle’s De Anima,
in which sensory perception was first systematically classified and
examined, thinkers have sought to understand how sensory experience
contributes to our knowledge of the world (see Everson, 1997; Mac-
pherson, 2011). The nature and function of sensory perception have
inspired the enduring philosophical debate between empiricism and
innatism, that is, whether the information gathered from the senses is
sufficient to construct the knowledge of the world, or whether some
form of prior, ‘innate’ knowledge is required (Meyers, 2014). Contem-
porary discussions in psychology and cognitive science, opposing
nativist and constructivist accounts (e.g., Fodor, 1975; Gibson, 1966),
can be seen as a continuation of this classical dispute.

Today, questions about how the senses operate, whether in isolation
or together, remain central to theoretical and empirical work in psy-
chology, psychophysics, and cognitive science (Bremner, Lewkowicz, &

Spence, 2012; Calvert, Spence, & Stein, 2004; Marks, 1978; Stein, 2012).
One key issue concerns whether the senses provide distinct kinds of
information about the world or, alternatively, whether some sensory
modalities overlap in the information they convey about external
properties (see the debate on amodal sensory qualities; Spence & Di
Stefano, 2024c, for a review). Relatedly, one may ask whether infor-
mation delivered by different senses is mutually exclusive or can rather
be partially similar. An intriguing question, then, is in what sense the
concept of similarity can be applied to sensory contents across the senses
(or even sensory systems).

Philosophers, artists, and scientists, have long been fascinated by the
search for similarities between the senses (e.g., vision, hearing, touch,
taste, and olfaction). It is important to recognize that similarity re-
lationships between the senses can be established in many different
ways which might refer to different sensory/cognitive domains (e.g.,
Marks, 1983, 1987a, b). For instance, Marks (1983) distinguished be-
tween informational, psychophysical, and phenomenological similarity.
‘Informational similarity’ refers to the fact that different sensory systems
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Table 1

Categorization of different types of sensory stimuli: Simple, mid-level, and complex.
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Type of correspondence Visual stimuli Auditory stimuli

Tactile stimuli

Olfactory stimuli Gustatory stimuli

Simple Colour patch, hue, Pure tone, pitch,
(or low-level) brightness loudness
Mid-level Spatiotemporal pattern, Rhythm, musical
Colour harmony mode, temporal
pattern, leitmotiv
Complex Painting, abtract Music clips

(or high- level) animation, film clips,

Pattern of tactile
stimulation treated
as conveying emotion

Intensity Discretely perceived olfactory Basic taste, intensity
note, like citrus, or rose

Spatiotemporal ? Bittersweet or

pattern sweet-sour dish

Complex olfactory
stimulus, like fine
freagrance or wine

Complex flavour
experience such as fine
wine, whisky, or coffee

can provide information about the same quality, i.e., the shape of a cube
via sight or touch (e.g., Gibson, 1966; Spence & Di Stefano, 2024a).
‘Psychophysical similarity’ refers to the similar ways in which sensations
and perceptions depend on how certain stimulus parameters scale (e.g.,
intensity, qualitative structure, and distribution in space and time, see
Stevens, 1961; von Békesy, 1967). Finally, the most problematic, though
clearly most intuitive, case of analogy between the senses is ‘phenom-
enological similarity’, that is, the idea that sensory contents may be
similar in terms of their phenomenal appearance, or quality (Marks,
1978; 2011; Spence, 2022b; see Di Stefano & Spence, 2024a, for a
critical review).! Consider, for instance, the numerous attempts that
have been made to associate musical pitch (or specific keys) with
particular colours (see Spence & Di Stefano, 2022, for a review of such
efforts, which date back at least as far as Isaac Newton; Newton, 1704).
In some, but by no means all, such attempts have been premised on the
notion of crossmodal perceptual similarity. In similar cases, the pro-
posed relationship between ‘red’ and, say, the key of E major is thought
to arise from a perceived similarity between the phenomenal qualities of
the two perceptual experiences.

All too frequently (and mistakenly in our view), researchers inter-
ested in phenomenal similarity have been attracted by the case of syn-
aesthesia (e.g., Marks, 1978, 1983, 1985, 1987a, b, 1989a, 1995; Marks
& Bornstein, 1987; Marks, Hammeal, & Bornstein, 1987; Melara, 1989).
However, it is important to make clear at the outset that while synaes-
thesia has been positioned as a paradigmatic case of associative phe-
nomena linking sensory contents, often (but by no means always) from
distinct sensory modalities, thereby bearing on their purported simi-
larity, that the mere association, or co-occurrence of sensations, says
nothing about any kind of phenomenal similarity that may, or may not
exist, between the contents of experience in the different senses.” To be
absolutely clear, synaesthesia refers to idiosyncratic, automatic, unidi-
rectional associations between sensory (or, on occasion, conceptual)
associations between an inducer and a concurrent. By contrast, cross-
modal correspondences refer to shared bidirectional associations be-
tween sensory features, attributes, or dimensions across the senses, that
are typically shared by the majority of those within a population (see
Deroy & Spence, 2013, on this important distinction).

Beyond phenomenal similarity, there are different approaches to

! Note here that sensory metaphors provide another means of aligning sen-
sory impressions (Gardner, 1974; Marks, 1991; Winner, Rosentiel, & Gardner,
1976).

2 In fact, there is a trope of published commentaries discussing the similarity
of the sound of the trumpet and the colour scarlet (e.g., Kandinsky, 1977;
Leibniz, 1896; Locke, 1690; Ortmann, 1933; see also Donnell-Kotrozo, 1978).
Relevant here, though, the neuroscientist MacDonald Critchley (1979) put
forward a purely associative account for this particular association: “the
familiar story of trumpet blasts provoking a photism of red, may stem from the
fact that such a sound immediately calls up in some persons an imagery of
soldiers on parade. Ordinarily they shall be in dress uniform. This evokes a
mental picture of scarlet. Should the middle part of this notion eventually
become submerged, there will remain a synaesthetic linkage of trumpet-calls
with redness.” Note that if one accepts such an account then there is abso-
lutely no need to invoke phenomenal similarity.

similarity (and difference; Ben-Artzi & Marks, 1995) between the senses
that consider structural and organizational aspects of sensory percep-
tion, rather than by any kind of similarity between the sensory inputs
themselves (e.g., Spence & Di Stefano, 2024b, 2025a, b). For instance,
similarities across the senses can also be mediated by shared configu-
rations or patterns of sensory stimulation (e.g., Harris, 1950; Julesz &
Hirsh, 1972). In such cases, observers may recognize that the patterns of
stimuli that are presented in different sensory domains share compara-
ble spatiotemporal dynamics, even though they do not necessarily share
any kind of phenomenal qualia. For instance, a musical crescendo/
diminuendo and an increase/decrease in brightness, can both be
perceived as parallel phenomena because they both unfold in a similar
manner over time (Spence & Di Stefano, 2025c). Notably, empirical
studies demonstrate that participants can detect far more complex
crossmodal pattern configurations beyond simple rising or falling dy-
namics, such as, for example, symmetry or fragmentation (see Wanke,
Ansani, Di Stefano, & Spence, 2025).

As will become clear, crossmodal correspondences represent a rele-
vant phenomenon when it comes to the discussion of sensory similarity.
Importantly, however, Spence and Di Stefano (2025a) recently high-
lighted a distinction between simple, mid-level, and complex cross-
modal correspondences (see Table 1). Note that phenomenal similarity
has sometimes been postulated as an explanation for the existence of
crossmodal correspondences between simple stimuli (such as individual
colours, timbres, pitches, etc.; Di Stefano & Spence, 2024a). By contrast,
cognitively-mediated analogy is more often mentioned as an explana-
tion in the case of the crossmodal correspondences that have been re-
ported between mid-level stimuli (typically comprising a small number
of, possibly dynamic, stimuli in each sensory modality; Spence & Di
Stefano, 2025c). Meanwhile, affective, hedonic, or emotional corre-
spondence, or similarity, is typically mentioned in the context of
crossmodal correspondences between complex stimuli, such as, for
example, pieces of music and paintings (Actis-Grasso, Zavagno, Lega,
Zani, Daneyko, & Cattaneo, 2017; Spence, 2020a).3

Further analogies between the senses have been put forward in terms
of the existence, and number, of basic categories of sensation (or not;
Spence & Di Stefano, in press). For instance, the existence of basic col-
ours and tastes might highlight a similarity between the two senses as
well as a difference with olfaction, touch, and audition that seemingly
lack any commonly agreed upon basic categories of sensation.
Furthermore, the distinction between analytic vs. synthetic processing
of sensory stimuli might be taken to highlight similarities between
sensory modalities based on the similar ways that sensory stimuli/ob-
jects are processed and constructed in perception (Breslin, 2001).

Finally, similarities also exist between the senses in terms of similar
processing mechanisms (von Békésy, 1957, 1959, 1964a, b), or infor-
mation processing capacities (Gallace, Ngo, Sulaitis, & Spence, 2012),
and/or a similar psychophysics applying across different sensory di-
mensions, such as loudness and brightness (Marks, 1985; Stevens, 1957,

3 Though note that crossmodal correspondences operating between simple
sensory characteristics of these complex classes of stimuli have, on occasion,
also been proposed (Duthie, 2013; Duthie & Duthie, 2015).
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Auditory-tactile paradigm
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Fig. 1. Cross-modal point of subjective equality (PSE) for regular tactile and auditory stimuli in a study by Sharma et al. (2022) showing that the same frequency of
vibration is matched in the auditory-tactile paradigm. (A) Individual subject PSEs obtained for auditory test conditions using tactile comparisons (auditory-tactile
paradigm). A tactile PSE represents the frequency of a vibrotactile pulse train that is equally likely to be judged higher or lower than the auditory test stimulus. A
solid line indicates a median PSE (n = 12) value for a test frequency, whereas a dashed line represents the expected unimodal PSE (or the physical frequency) of the
test stimulus. (B) Individual subject PSEs for tactile test conditions using auditory comparisons (tactile-auditory paradigm), conventions as in panel (A). (C) Cross-

modal equivalent mean frequencies for both auditory and tactile stimuli of identical frequency, *

[Figure reprinted from Sharma et al. (2022).].

1958, 1961). For instance, one might ask whether the shared vibratory
nature of haptic and auditory stimulation affects how observers expe-
rience two distinct stimuli that happen to be based on the same physical
stimulus, such as a pure tone at 220 Hz that can be both heard and felt.
Indeed, the studies of crossmodal matching that have been published to
date have largely reported that people subjectively match the same
frequency stimulus when tasked with matching vibratory stimuli pre-
sented independently to ear and skin (Occelli, Gillmeister, Forster,
Spence, & Zampini, 2009; Sharma, Ng, Birznieks, & Vickery, 2022; see
Fig. 1), if not necessarily to ear and eye (e.g., Welch, DuttonHurt, &
Warren, 1986). Here, therefore, similarity in the underlying physical
stimulus between audition and touch is a condition but perhaps not
sufficient to guarantee the phenomenal similarity of the sensations
themselves (see Deiana, Ansani, Di Pino, Formica, Spence, & Di Stefano,
2025).* Or rather, whatever crossmodal matching is observed is not
based on physical identity leading to phenomenal similarity but rather

4 Here, one might also consider the case of olfactory enantiomers, namely
volatile chemicals that have a very similar physical structure (one being the
mirror-image of the other), yet which can, on rare occasion, smell completely
different, such as orange vs. lemon (limonene), or spearmint vs. caraway
(carvone; see Brookes, 2010; Brookes, Horsfield, & Stoneham, 2009; Sell,
2006). Or, on the flip side, metameric tastes that are phenomenologically
indistinguishable despite being associated with compounds having very
different chemical structures. Consider here only the wide range of sapid
compounds that people describe as tasting ‘bitter’ (Behrens, Gunn, Ramos,
Meyerhof, & Wooding, 2013; Lang, Di Pizio, Risso, Drayna, & Behrens, 2023).

represents p < 0.05 and error bars indicate 95% CI.

operates at the level of structural similarity between the senses (Spence
& Di Stefano, 2025¢).>

1.1. Outline

Having laid out some of the groundwork and challenges in the study
of crossmodal similarity, in the sections that follow, we start by dis-
cussing phenomenal crossmodal similarity (Section 2). In Section 3, we
then go on to examine the case of crossmodal correspondences (Spence,
2011) to assess whether, and how, these perceptual phenomena may
shed light on sensory similarity. Thereafter, in Section 4, the literature
on structural/organizational similarities and other cases of analogies
between the senses is summarized, as well as the important distinction
between prothetic, metathetic, and polar sensory dimensions. In Section
5, the putative individual differences, group differences, and differences
between different (pairs of) sensory modalities in terms of the concept of
phenomenal similarity are briefly discussed. We also question the
assumption that there need be a unitary answer to the question of

5 Here, it is perhaps worth noting that there is an extensive literature on
crossmodal matching. However, it is important to recognize that the fact that
people match stimuli across the senses has been taken to indicate amodal, or
sometimes merely structural, matching. Therefore, the mere existence of robust
crossmodal matching and scaling says nothing, in particular, about crossmodal
phenomenal similarity (Marks, Stevens, Bartoshuk, Gent, Rifkin, & Stone,
1988). However, dealing with the literature on crossmodal matching in any
detail lies beyond the scope of the present study.



C. Spence and N. Di Stefano

sensory similarity. In Section 6, we briefly consider testable predictions
and methodological guidance for future research. Finally, we bring
everything together in the Conclusions (Section 7): We highlight the
dangers of relying on superficial (rather than structural) similarities
between the senses, and suggest the need for multiple analogies between
the senses in order to get a better, more representative, picture of the
similarities and differences between the senses (cf. Spiro, Feltovich,
Coulson, & Anderson, 1989).6

This narrative historical review (see Ferrari, 2015; Furley &
Goldschmied, 2021, on the strengths of the narrative style review) helps
to fill an important gap in the literature, and is particularly timely, given
the growing interest in crossmodal correspondences that has exploded
over the last 15 years (since the publication of Spence’s, 2011, review,
which has already been cited well over 2,000 times). A growing number
of researchers are asking the question of what explains the multitude of
crossmodal correspondences that have been documented over the years.
Often, perceptual similarity” has been put forward as a putative expla-
nation, without necessarily being theoretically, nor empirically, justified
(in part, presumably because of Marks’ influential early writings where
he often suggested sensory similarity as an explanation for a wide range
of crossmodal associations).

2. Phenomenal crossmodal similarity

One of the most intuitive (and experientially prominent) ways in
which to conceive of sensory similarity rests on the notion that certain
sensory contents are phenomenologically more alike than others, and
that such distinctions are rooted in the qualitative nature of sensory
experience itself (Marks, 1987a, b; 1989a, b). For instance, when I
perceive a red Ferrari and a red apple, the common experience of
redness guarantees that the two objects are similar in some analogous
respect (i.e., in terms of their colour).® Phenomenal similarity has been
recognized as key for the categorization and identification of objects
and, more generally, for concepts formation, learning and memory (e.g.,
Marks, 1978; Rosch & Mervis, 1975; Tversky, 1977). Several decades
ago, the psychologist Linda Smith (1993) acknowledged that phenom-
enal similarity is the source of learning, and is crucial even for the
simplest of cognitive abstractions: “If we teach a girl to call her collie
dog, she will call Labradors dog, and perhaps goats dog, but she will not
call a motor scooter dog” (Smith, 1993, p. 223, italics in the original).

While phenomenal similarity within a single sensory modality is
widely accepted (Helmholtz (1878/1971), difficulties arise when
conceiving of similarity based on shared or common qualia across
different sensory modalities. Lawrence Marks, one of the most vocal
proponents of this notion of phenomenal similarity operating across the
senses (e.g., Marks, 1978, 1987a, b; 1989a, b; 2011), had the following
to say when, commenting on the “perceptual similarities between and
among sensory experiences in different modalities™:

“Much as the color aqua is more similar phenomenologically to
cerulean than to pink, the flavour of lime more similar to lemon than

S There is an analogy here to the experimental literature on structural vs.
surface similarity in the context of analogical problem solving (Gentner,
Holyoak, & Kokinov, 2001; Gentner & Markham, 1977; Holyoak & Koh, 1987;
Medin & Ortony, 1989; Novick, 1988, 1990).

7 According to Smith (1993, p. 223): “similarity is a complex and diverse set
of processes that in their mutual interactions yield both a system of perceptual
comparison that is inherently creative and a unitary concept of same that
transcends specific perceptual features.” (see also Bianchi & Burro, 2023).

8 Note that this phenomenological claim does not imply that the internal
character of “redness” is the same across different observers, nor that similarity
judgments are grounded in identical qualitative experiences. The question of
whether phenomenal qualities can be shared, compared, or even properly
characterized across subjects has been extensively debated in philosophy (see,
e.g., Kripke, 1980; Nagel, 1974; Shoemaker, 1975).
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to banana, so too are low notes played on a bassoon or an organ more
like dark colors such as brown or black than bright colors such as
yellow or white, while the higher notes played on clavier or a flute
resemble yellow or white more than brown or black.” (Marks, 2011,
p. 52).

While Marks’s description is highly intuitive and vividly conveys the
phenomenological associations that have sometimes been reported be-
tween the senses, it is important to remember that the examples remain
purely descriptive in nature. And while the notion of crossmodal
‘phenomenological’ similarity may be highly evocative, it does not
clarify why such correspondences arise in the first place, nor does it offer
any kind of explanatory grounding. Of a completely different tone is the
well-known, and much earlier, observation by the German psychophy-
sicist Hermann von Helmholtz (1878/1971, p. 77), who insisted that the
distinctions among senses—such as between colour, temperature, taste,
and pitch—*“are so fundamental as to exclude any possible transition
from one modality to another and any relationship of greater or less
similarity”.” Note that, according to Helmholtz, one cannot meaning-
fully ask whether sweet is more like red or blue; such comparisons, or so
he famously asserted, are only possible within the same sense. The
contrast between these two views neatly captures the enduring tension
between descriptive phenomenology and explanatory constraint in
theories of crossmodal similarity.'® It remains something of an open
question as to which of these two opposing views has more support
currently.

Doubts about the very notion of meaningful similarity were famously
raised by Nelson Goodman (1972), who argued more than half a century
ago that any two objects share at least one phenomenal quality, whether
intramodal or crossmodal, rendering similarity claims effectively uni-
versal and therefore uninformative (“everything is similar to everything
else”, see also Rodriguez-Pereyra, 2002). Complicating matters further,
similarity claims are inherently comparative and relative. A tomato is
similar to a Ferrari (both are red) and to a tennis ball (both are roughly
spherical). Confronted with these three objects, any judgment of
phenomenal similarity immediately raises the question: Similar in what
respect? This dependence on a chosen dimension of comparison echoes
Goodman’s (1972) early critique: Since any two objects share some
property, similarity becomes ubiquitous unless constrained by an
explicit, and possibly arbitrary criterion.

A related challenge was later formalized by Tversky (1977), whose
contrast model shows that similarity is not an intrinsic relation but a
function of how features are weighted, selected, and contrasted relative
to a task or context. In this light, phenomenal similarity risks losing
explanatory force: Rather than revealing a deep structural relation be-
tween sensory contents, it may simply track arbitrary or experimenter-
imposed dimensions of comparison, thereby rendering similarity judg-
ments highly context-sensitive and potentially indeterminate.

2.1. Phenomenal crossmodal similarity and synaesthesia

Finally, within the domain of phenomenal crossmodal similarity, the

° In fact, Helmholtz’s criterion has sometimes been used in order to deter-
mine whether pairs of sensory stimuli should be associated with the same or
different sense (McBurney & Gent, 1979).

10 At the same time, however, one should perhaps also acknowledge the
assumption that there must be a unitary answer to the question of the existence
of crossmodal phenomenal similarity. Even disregarding the appeal to synaes-
thesia (as providing evidence of individual differences in crossmodal percep-
tion; Marks, 1989b), one might nevertheless wonder whether the possibility
should at least be floated that Marks and Helmholtz could both be correct in
terms of their own phenomenal experience? We note that most researchers
would appear to assume that the same answer must apply to everyone (though
see Churchland, 1998), though we return, briefly, to consider this question, in
Section 5.
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case of synaesthesia is often taken as the most vivid and intuitive
example. As Marks (1987a) has observed: “This last category [i.e.,
phenomenological similarity] is most dramatically illustrated in the
phenomena of synesthesia” (p. 384) In fact, despite being a highly
idiosyncratic or ‘private’ condition, synaesthesia involves a systematic
and involuntary coupling between distinct sensory contents that are
experienced as part of a co-occurring (and hence, in some minimal sense,
unified) percept (Ramachandran, Marcus, & Chunharas, 2020). How-
ever, as mentioned briefly earlier, the mere existence of an association
between an inducer and its associated concurrent (that is, the co-
occurrence of independent sensations), has no direct implication for
the phenomenal similarity between the contents of experience in the
different senses. That is, two sensations are regularly experienced
together, thus arguably constituting a case of identity rather than sim-
ilarity. From a theoretical standpoint, this distinction is crucial, as cases
of genuine crossmodal similarity need the recognition of two separate
sensory contents whose qualities are compared rather than unwillingly
merged or unified (cf. Auvray & Spence, 2008, on this issue as it applies
to the case of olfactory and gustatory perception). Understanding this
difference clarifies why the inducer-concurrent pair does not count as a
paradigmatic case of crossmodal similarity or correspondences, just as
the barking of the dog is not phenomenally similar to the sight of a dog
though the two undoubtedly commonly co-occur (Chen & Spence, 2010,
2017; Deroy & Spence, 2013).

While crossmodal correspondences have been conflated with syn-
aesthesia ever since researchers first started discussing the two phe-
nomena (Deroy & Spence, 2013; Dimova, 2024; Martino & Marks,
2001), the academic literature on the crossmodal correspondences has
increasingly started to diverge from the discussion of synaesthesia
(Spence, 2011, 2025). This divergence helps to explain the timeliness of
this review given the central role that sensory similarity has played in
many researchers’ thinking about these phenomena. That said, the
distinctive nature of synaesthesia and crossmodal correspondences has
not yet become the consensus view. Indeed, a number of researchers still
appear to believe that the two phenomena are merely weaker and
stronger versions of the same underlying mechanism. In the next section,
we examine how crossmodal correspondences might contribute to un-
derstanding sensory similarity.

3. Crossmodal correspondences: Another example of perceptual
similarity between the senses?

Crossmodal correspondences have been defined as consensual asso-
ciations between stimuli, attributes or dimensions of experience, either
physically presented, or else merely imagined in different modalities,
experienced no matter whether one is a synaesthete or not (Spence,
2011). Often (mis)labelled as ‘synaesthetic correspondences’ or ‘syn-
aesthetic metaphors,” crossmodal associations have long been treated as
central to discussions of sensory similarity, precisely because they
involve a form of sensory matching in which two stimuli or inputs from
different sensory modalities are brought into relation with one another
(Motoki, Marks, & Velasco, 2023). While this is intuitively compelling, it
leaves open the question of the level at which the similarity is estab-
lished or grasped, since different pairings may rely on quite different
mediating factors.

As Marks (1983, p. 2) notes: “As appealing as these cross-sensory
similarities may be — in the present example, mainly similarities be-
tween color and temperature — they seem not to provide a practicable
basis for a sensory substitution system. Despite the fact that the corre-
spondences between color and temperature may be widely acknowl-
edged and appreciated, color-temperature associations seem not to
represent any special, intrinsic sensory similarity, but to be cross-modal
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correlations that are learned — and learned rather slowly at that (Morgan
et al., 1975). The first conclusion, then, is that not all phenomenal
similarities represent intrinsic correspondences between the senses.”

For instance, the fact that people have been shown to match louder
sounds with brighter lights (Bahrick, 2010; Walker-Andrews, 1994;
Werner, 1934; note that one-month-old babies also appear to treat such
crossmodal stimuli similarly; Lewkowicz & Turkewitz, 1980) might be
taken to suggest that observers perceive similarity between the positions
that stimuli occupy within their respective sensory dimensions
(or continua), i.e., loudness and brightness, rather than between the
stimuli themselves. Such structural correspondences, or perhaps better
said, physiological correspondences (see Spence & Di Stefano, 2024b, on
this distinction), often reflect structural alignment or relative
positioning. Such an account is particularly useful when it comes to
explaining crossmodal correspondences that involve those sensory
dimensions that admit of being arranged along a continuum, that is,
those that can be experienced as more or less of something
(that is, prothetic sensory dimensions).!'! Judgments about such
structural mappings will likely be made relative to the other stimuli that
happen to have been presented.'> Note, however, that structural
alignment cannot be used to explain crossmodal matches between say,
pink and sweetness (given there is no agreed or obvious organization of
taste qualities), or occurrences of multisensory integration such as
matching the seen and felt shape of an object (e.g., as in the well-known
‘Molyneaux problem’; Marks, 1983; see Spence & Di Stefano, 2024a,
for a review), or heard and seen speech. In what follows, we take a closer
look at the different classes of crossmodal correspondences that have
been suggested to date in order to identify potentially different ways in
which phenomenological similarity can be established between sensory
experiences.

3.1. Similar affective/emotional meaning

One explanation that has been put forward to account for at least a
subset of the crossmodal correspondences that have been documented to
date is in terms of hedonic, or what are sometimes referred to as
emotionally-mediated, or affective, crossmodal correspondences
(Spence, 2020a, b). According to the emotional mediation account, two
stimuli may elicit a crossmodal correspondence because they happen to
be associated with a similar emotional or, more broadly, affective
meaning. The findings of a number of recent studies have been taken to
support this hypothesis in the audiovisual domain, showing that par-
ticipants consistently match musical excerpts with complex and realistic
drawings and that matched stimuli tend to have a similar emotional (or
affective) profile (e.g., Di Stefano, Ansani, Focaroli, Borsella, Formenti,
Velardi, Schiavio, & Spence, 2026; Di Stefano, Ansani, Schiavio, &

11 g s. Stevens (1957, p. 154) distinguished between prothetic (magnitude)
and metathetic (qualitative) perceptual continua. The former describe continua
having to do with quantity (i.e., how much), while the latter describe continua
where the stimuli are arranged in qualitative terms (i.e., what kind or where).
Loudness, size, duration, and rate of change all constitute prothetic dimensions
with a clear “more than” end (e.g., loud, bright, big) and another, “less than”
end (e.g., quiet, dark, small; Walsh, 2003). By contrast, pitch constitutes a
metathetic dimension, since a high-pitched tone is different in kind from a low-
pitched tone, without necessarily being meaningfully related in a more than/
less than way (shape is also metathetic; see Smith & Sera, 1992). The exact
correspondence between these two classes of continua and their underlying
neural representations isn’t altogether clear (Lewkowicz & Turkewitz, 1980;
Stevens, 1971). As has been noted elsewhere, in adults, prothetic dimensions
tend to possess a unitary and well-ordered psychophysics, whereas metathetic
dimensions do not.

12 Notice how auditory pitch is metathetic in terms of phenomenal experience
(i.e., a 500 Hz tone is not experienced as ‘more’ or ‘less’ that a 200 Hz tone), the
same for hue, while both pitch and hue can be arranged prothetically in terms of
the wavelength of the underpinning stimulus.
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Spence, 2024; see also Palmer, Schloss, Xu, & Prado-Leon, 2013, on the
matching of music with colour patches).

While a similar emotional response does indeed appear to provide
the best explanation for a number of crossmodal correspondences,
especially in the context of more emotionally meaningful, and thus often
complex, stimuli (e.g., see Spence, 2020a, for a review), emotional
mediation does not imply anything about the phenomenal similarity
between the pairs of sensory stimuli that are so matched. As such,
emotional mediation might well explain the existence of crossmodal
mappings that have been documented in the absence of any obvious
phenomenological sense of perceptual similarity (Crisinel & Spence,
2012).

The affective similarity that appears to connect very diverse stimuli
often extends well beyond the class of emotions, at least as narrowly
defined. As such, one major caveat to the emotional mediation account
of crossmodal correspondences is the fact that, as Spence (2020a) and
many others have pointed out, emotions remain a poorly defined
concept since different experimental and theoretical contexts adopt very
different definitions or paradigmatic examples. For instance, besides
referring to primary emotions such as happiness or anger, studies have
used much less intuitive emotional descriptors such as ‘strong’, ‘dreary’,
‘complex’, ‘spicy’, ‘whimsical’, and ‘dissonant’ (see Palmer et al., 2013;
Whiteford, Schloss, Helwig, & Palmer, 2018), while other studies have
chosen to use complex constructs such as peacefulness, transcendence,
and tenderness (see Janowski & Chetkowska-Zacharewicz, 2019; Juslin,
2013; Eerola and Vuoskoski, 2011).

This is where the semantic differential technique (SDT) popularized
by Osgood and his colleagues may help (see Karwoski, Odbert, &
Osgood, 1942; Snider & Osgood, 1969; Osgood et al., 1957).13 The
approach involves people responding on scales anchored by pairs of
adjectives (e.g., good-bad; weak-strong; active-passive). Emotional /
affective correspondences may then be understood in terms of the
stimuli that are so matched having similar semantic differential profiles.
Thus, it can be argued that affective matching (as most frequently
assessed by the SDT) provides an explanation of the correspondence that
people appear to experience between (especially affectively-
meaningful) stimuli (see also Wang, Wang, & Spence, 2016). Impor-
tantly, however, this kind of affectively-mediated crossmodal corre-
spondence does not have any necessary implications for the phenomenal
similarity of the contents of sensory experience. It would now appear
that the consensus view is that emotional mediation provides an
adequate explanation for some proportion of all the crossmodal corre-
spondences that have been reported to date.

3.2. Similar (same) amodal perceptual qualities

Assuming the existence of amodal perceptual qualities, that is, sen-
sory properties that can be picked-up by different senses (see Spence &
Di Stefano, 2024c, for a review), the crossmodal association between A
and B, with A and B being stimuli pertaining to two different sensory
domains, might be straightforwardly explained by observing that the
same sensory quality X is perceived in both stimuli/objects. This view
suggests that the various senses might share a few properties of sensa-
tion that might be called ‘suprasensory’, meaning that those categories,
or dimensions, of experience are not limited to a single sensory modal-
ity, but rather, can be applied to most or to all modalities (see also von
Hornbostel, 1950, p. 212). Amongst those properties, duration has been
one of the most thoroughly investigated, with early studies demon-
strating that subjects’ ratings of duration tend to be highly consistent
across the senses (e.g., Loeb, Behar, & Warm, 1966; Marks, 1987b; see Di
Stefano & Spence, 2025, for a review). Other attributes that have
frequently been suggested to be putatively amodal, or intersensory, in

13 This may link to the literature on the ‘feeling value’ of, for example, lines
(Poffenberger & Barrows, 1924; cf. Kimura, Wada, & Noguchi, 2005).
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the literature include brightness (e.g., Cohen, 1934; Hartshorne, 1934;
von Hornbostel, 1950), roughness (Di Stefano & Spence, 2022), stimulus
intensity (Bahrick, 2010; Kiilpe, 1893; Ryan, 1940; Walker-Andrews,
1994; Werner, 1934),14 and even thickness/volume (Moul, 1930;
though see Spence & Di Stefano, 2024c).

That said, even if we accept the existence of amodal sensory quali-
ties, it is important to acknowledge that these qualities, being shared
across the senses, would appear to support crossmodal identity rather
than necessarily crossmodal similarity. If what is perceived in vision and
audition is literally the same quality (e.g., duration or roughness), then
the relationship between the stimuli would be one of sameness, not
resemblance. Yet this is not how intermodal relations ordinarily present
themselves in experience. We typically say that the temporal profile of
stimulus X resembles that of stimulus Y (see Bratzke, 2025), or that the
roughness of a surface feels somewhat like the one of a dissonant in-
terval, not that they share the identical property. This suggests that, at
least in ordinary experience, crossmodal relations are experienced in a
comparative sense.

Moreover, if amodal qualities operated as genuinely modality-
independent contents, then the specific sensory modality through
which they are accessed would become irrelevant: One could, in prin-
ciple, experience “roughness-as-such” or “intensity-as-such” without
any sensory embedding. But this runs counter to the fact that we never
encounter amodal features in isolation; that is, they are always instan-
tiated in particular sensory contents, which help to qualify the percept.
Thus, while the notion of amodality could potentially illuminate some
structural commonalities between the senses, it cannot fully account for
the experienced similarity between stimuli presented in different sen-
sory modalities. At present, there is no consensus as to whether amodel
sensory properties actually exist.

3.3. Structural alignment: similar positioning or alignment of component
stimuli

The ‘relative positioning’ or ‘structural alignment’ account of
crossmodal matching is often conceived as a weak, or alternative,
explanation compared to amodality. The former account implies that
what is being compared when someone makes a similarity judgment is
actually the relative position of the two sensory features in their own
respective unisensory scales, with no implications regarding their
actually being similar (cf. Cohen, 1934; Hartshorne, 1934; Marks,
Szczesiul, & Ohlott, 1986; Mellers & Birnbaum, 1982; Moul, 1930;
Simpson, Quinn, & Ausubel, 1956; Stevens, 1957). As Marks (1995, pp.
230-231) notes: “both cross-modality matching and cross-modal simi-
larity have strong relativistic components. Indeed, Krantz (1972) argued
that cross-modal intensity matches are based on communality of re-
lations in different modalities, not matches of magnitudes per se.” Ac-
cording to Mellers and Birnbaum (1982, p. 600): “In cross-modality
judgments [...] It appears that subjects compare the relative position of a
stimulus in its distribution with the relative position of a stimulus of
another modality to its distribution.” For example, dark colours can be
matched to lower keys of the piano, based on the common position they
have on their respective unisensory scales, but such a match, no matter
how consensual it might be, would not necessarily imply that dark
colours are phenomenologically similar to low-pitched tones.

Relative positioning thus holds that the concept of similarity is

14 As Marks (1995, p. 210) noted some years ago: “The attribution of a
common (and commensurable) dimension of intensity to percepts belonging to
different sense modalities implies a kind of similarity among them—a similarity
among qualitative dissimilars. Sounds have their defining qualities such as pitch
or musical tonality; lights have their colours, tastes their qualities such as
saltiness or sourness; feelings have their qualities such as vibration or stickiness
of pain. But these qualitative dissimilarities become transparent, in some
fashion, through the equivalences of perceived intensity.”.
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Fig. 2. Two-dimensional scaling solution for the 16 color-chord bimodal
stimuli used in Webb’s (1976) study. According to Webb (1976, p. 1034): “the
centres of the open circles are the points representing the 16 compound stimuli
in the best-fitting two-dimensional solution, after rotation to bring the striking
regular lattice-like arrangement of the points into a convenient horizontal-
vertical orientation.” (The straight lines and row and column designations
have been added to facilitate identification of the individual points.)
[Figure reprinted from Webb (1976).].

unnecessary when referring to stimuli that are presented in different
senses, while it can more properly describe the formal relationship that
is recognized between the component parts of one stimulus that are
mapped onto relative parts of the other stimulus. Therefore, structural
similarity refers to the resemblance in the underlying systems of re-
lations between the elements of the sources and the elements of the
target. Structural similarity exists if the relations between the objects in
the source are similar to the relations between the objects in the target,
independently of the similarity between the objects themselves (Forbus,
Gentner, & Law, 1994; Markman & Gentner, 2000). Though, it might be
noted that one rarely comes across such unidimensional sensory stimuli
outside the confines of the psychophysics laboratory, thus perhaps
questioning the ecological validity of this kind of research.

A study by Webb (1976) nevertheless provides a fine example of
structural alignment operating in the context of multisensory stimuli. In
the protocol, participants had to rate the experienced similarities among
16 compound visual-auditory stimuli. Specifically, each of four colours
(red, yellow, green, and blue) was combined with each of 4 musical
chords (major, minor, diminished, and augmented). The participants in
this particular study were tasked with rating the similarity of each pair
of colour-chord impressions on a scale from 10 to 1, indicating
maximum vs. minimum similarity, respectively.'® The results suggested
that the colour-chord combinations produced psychologically integrated
impressions which varied along orthogonal dimensions of darkness
(versus lightness) and spread (versus compactness) of chords (see
Fig. 2).

Marks (1989a) also conducted a small study of crossmodality simi-
larity scaling. Eight participants were presented with pairs of stimuli
comprising nine pure tones differing in frequency and intensity and five
white lights differing in luminance. Intramodal and crossmodal pairs of

5 Note that the participants were also allowed to mark an X if they were
unable to form a judgment, though apparently few of the participants marked
one or more Xs.
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stimuli were presented on each trial. The participant’s task was to rate
the degree of similarity between the two stimuli on a graphic scale, a line
anchored by the labels ‘extremely dissimilar’ and ‘extremely similar’.
The results for all possible pairings were then submitted to multidi-
mensional scaling (MDS). Intriguingly, the similarity of brightness
judgments did not need to be separated by the modality of the stimuli
involved (see also Wicker, 1968).

It is worth noting how the conclusion that stimulus dimensional
structure has no implications for crossmodal perceptual similarity would
appear to contradict the claims made by the eminent experimental
psychologist Lawrence Marks in his influential book, The unity of the
senses, when he asserts that: “Sensory correspondence is not a domain of
inquiry restricted to scientists, a matter solely for experimental scrutiny
and empirically based theory. The plain fact is that sensory analogies do
exist; they are important to the ways that we sense, perceive, and
cognize; they are significant properties of the bodies and minds of
people” (Marks, 1978, p. 7). In contrast, according to the view that has
been espoused here, while ‘sensory analogies’ may bias (and/or be based
on) the kinds of sensory connections that people find it easy to establish
cognitively, we do not believe that they directly determine the nature, or
strength, of the crossmodal correspondences that are based on perceived
similarity. However, while apparently directly contradicting Marks’
(1978) view, our own conclusion would appear to be much more in tune
with the suggestion coming from the eminent art historian Sir Ernst
Gombrich that: “The problem of synesthetic equivalences will cease to
look embarrassingly arbitrary and subjective if ... we fix our attention
not on likeness of elements but on structural relationships within a scale
or matrix” (Gombrich, 1960, p. 314; see also Di Stefano & Spence,
2024b). Note that this comment was made in the context of attempts to
use synaesthetic inducer-concurrent mappings to crossmodally link
pitch to colour in the case of ‘colour music’.

3.4. Analogical mappings between the senses

Analogical mappings can be established based on different factors
which vary in the extent to which they have a perceptual, rather than
merely a conceptual, basis. For example, music notation establishes a
conventional mapping between sound duration and the shape of notes
on the musical score. However, there is no perceptual similarity between
the duration of, for instance, quarter and eight notes and the way these
are represented in the score. As such, there would be no problem in
notating the same sound duration differently, based on a different
criterion.

The findings of a study by Weinberger and colleagues investigating
analogical mapping across the senses supports the existence of a general
analogy factor (Weinberger, Gallagher, Colaizzi, Liu, Parrott, Fearon,
Shaikh, & Green, 2022). In particular, the authors tested relations be-
tween information presented in different modalities (e.g., words,
sounds, lines). The participants were presented with two pairs of stimuli
(A:B and C:D) and had to make binary true-false judgements about
whether the relation conveyed in the first pair of stimuli (A:B) was
analogous to the relation conveyed in the second pair (C:D). Stimuli
included unimodal pairs, such lines-to-lines, words-to-words, as well as
crossmodal stimuli, such as lines-to-sounds, lines-to-words, words-to-
sounds. For example, a sequence of vertical and horizontal short seg-
ments (A) and a solid and longer segment (B) were paired with the words
‘indecision’ (C) and ‘certainty’ (D). The participants were then asked to
judge whether A:B::C:D is true or false. In many cases, the stimuli not
only presented an explicit structural relation, but involved mappings
based on quantitatively specified ratios (e.g., the differences in pitch
between a series of rising and falling tones is quantitatively comparable
to the differences in distance between a series of lines on the screen).
Weinberger et al.’s results demonstrated that their participants per-
formed well-above-chance in the identification of crossmodal second-
order relations, thus providing robust evidence of the use/existence of
analogy across the senses.
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Fig. 3. Multidimensional scaling (MDS) configuration of spices achieved in a
study by Blank and Mattes (1990). Dimension 1 was interpreted by participants
as the intensity of odour, e.g., weak (salt) to strong (spearmint). Dimension 2
was interpreted as the compatibility with sweetness (e.g., more compatible
(sugar) to less compatible (bay)). Dimension-3 was interpreted as the degree of
bitter taste (e.g., more bitter (ginger) to less bitter (anise)). These three di-
mensions accounted for 69% of variance in the data. Notice here that sugar (a
tastant) is rated as more similar to vanilla (an odour or flavour) than it is to
another white crystalline tastant, namely salt. This may be one of the only
examples of crossmodal phenomenological similarity (i.e., rating a tastants as
more similar to an odorant than to another tastant). Of course, salt and sugar
would have been expected to lie very close to each other if participants were to
have judged the visual similarity of these pairs of stimuli instead.

These findings have clear implications for how sensory similarity is
understood. In particular, if analogical mappings can be successfully
constructed between the senses, even in the absence of shared percep-
tual qualities, then similarity judgments need not be grounded solely in
phenomenal properties, but may instead rely on cognitively-imposed
structures, such as ratios, relational patterns, or conceptual associa-
tions. In this sense, what appears as “sensory similarity” may sometimes
reflect relational alignment rather than necessarily any kind of cross-
modal perceptual resemblance. More generally, such results suggest that
the experience of similarity can be mediated, scaffolded, or even
generated by high-level interpretive criteria, thus blurring the line be-
tween perceptual and conceptual bases of crossmodal correspondence.
This obviously immediately complicates any attempt to treat cross-
sensory similarity as a purely perceptual phenomenon.

3.5. Statistical associations between the senses

The statistical account of crossmodal association is briefly presented,
although, as will become clear, we believe that it has few, if any,
meaningful implications regarding phenomenal similarity between the
senses. The approach moves from the fact that many physical properties
of sensory stimuli are often correlated, co-occurring in nature. The
observer acquires, together with the stimuli, information concerning
their regular co-occurrence, thus learning the statistical regularities of
the environment and the correlations between multiple sensory cues
(Shepard, 1994). Reflecting the properties of the environment (and in
some cases also the laws of physics), most statistical correspondences are
likely to be universally perceived (at least by those individuals who have
been exposed to the same environment). For instance, consider only the
pitch-size correspondence, which reflects a universal physical law
(namely that larger objects tend to make lower-pitched noises when
struck or sounded). That being said, it is important to note that multiple
other factors also influence the pitch made by an object (e.g., consider
only the phenomenon of ‘dishonest signalling’ in the animal kingdom),
not to mention the material properties of the stimulus (Evans & Treis-
man, 2010; Gallace & Spence, 2006; Spence & Zampini, 2006). Once
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again, though, as far as similarity is concerned, statistical associations do
not imply that the matched stimuli are, in any perceptually-salient sense,
phenomenologically similar.

According to Spence (2022b), perhaps the only examples of cross-
modal perceptual similarity resulting from statistical association may
occur in the chemical senses.'® In particular, those combinations of ol-
factory and gustatory stimuli that frequently co-occur together in foods.
So, for example, consider only the fact that the smell of vanilla taking on
the sweetness of sugar because the stimuli are so often combined in
foods (Blank & Mattes, 1990; Spence, 2022b; Stevenson & Boakes,
2004). Note also that according to this account, there could well be
individual differences in crossmodal perceptual similarity, depending on
the particular food culture an individual grew up in (cf. Blank & Mattes,
1990). As such, perceptual (or phenomenological) similarity would only
appear to exist between a subset of olfactory and gustatory stimuli (see
Fig. 3). As noted by Spence (2024), this makes the consequences for
phenomenal similarity of the statistical association between, say, odour
and taste, importantly different from what might be a similar association
between colour and taste. At the same time, similarity is restricted to
gustatory quality, rather than tastes taking on the olfactory qualities
with which it regularly co-occurs. While the fact that odours take on the
qualities of the tastants with which they are commonly paired is now
generally accepted, the most appropriate explanation for such effects is
still the subject of debate (see Auvray & Spence, 2008 Stevenson &
Boakes, 2004; Stevenson & Tomiczek, 2007).

The case of the chemical senses raises the question of how temporal
factors (e.g., simultaneity and co-occurrence) shape the experience of
phenomenal similarity. For instance, vanilla and sweetness, or citrus
aromas and acidity, are often judged as “similar” or mutually fitting
(Spence, 2022b, 2024; Stevenson & Boakes, 2004; Stevenson & Tomic-
zek, 2007). Yet these pairings may simply reflect statistical learning,
thus making it unclear whether any felt similarity is being reinforced or
rather induced by experience rather than grounded in intrinsic
phenomenal qualities. This highlights the importance of being able to
distinguish crossmodal congruency'’—arising from learned associations
or ecological regularities—from crossmodal similarity, implying a
directly experienced affinity (cf. Stevenson, Rich, & Russell, 2012).'8

4. Crossmodal similarity based on the structure and dimensions
of the senses

We now turn to a different way of conceiving similarity relations,
that is, those grounded not in the phenomenal contents of sensory
experience, but in the structures, organizational principles, or process-
ing mechanisms characteristic of different sensory modalities. Instead of
asking whether the contents of two senses resemble one another (e.g.,
whether a Ferrari is red like a tomato, or a tone is “bright” like a colour),
the approach considers whether two modalities exhibit parallel forms of
information processing, analogous representational architectures, or
else shared functional parts. For instance, it has long been suggested that

16 It this context, it is interesting to note that Helmholtz (1878/1971) doesn’t
explicitly mention the phenomenal similarity, if any, between olfactory and
gustatory sensations. As such, it is difficult to know, for certain, whether he
thought that perceptual similarity judgments were equally difficult/impossible
between this pair of distinct senses. However, it can perhaps legitimately be
presumed that had that not been the case, he might have mentioned this
exemption explicitly.

17 Congruency can be defined as entities "going well together" (Maille & Fleck
2011) and may, in theory, result from perceptual, conceptual, and/or emotional
similarities.

8 It has been suggested that there may be a very limited range of innate
crossmodal correspondences perhaps including intensity (Lewkowicz & Tur-
kewitz, 1980) while the majority of the rest can be learnt via statistical co-
occurrence (Spence, 2011; see also Deroy, Crisinel, & Spence, 2013; Shepard,
1981, 1987, 1994).
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certain senses operate more “analytically” (e.g., audition, decomposing
complex sounds into frequency components), whereas others function
more “synthetically” (e.g., olfaction, delivering holistic odour percepts
without discriminable parts). Similarly, both vision and touch encode
spatial structure via topographic maps (Hsiao, 1998), whereas audition
and olfaction primarily rely on temporal (or non-spatial) coding di-
mensions. Additionally, it must be considered whether similarity re-
lationships might emerge across the senses due to similar background/
foreground dynamics of the stimuli involved (e.g., sounds and shapes).
According to such a view, sensory similarity can potentially arise from a
number of structural/organizational factors, such as isomorphisms in
information processing, shared computational principles, or comparable
representational geometries, even when the sensory experiences in
themselves are not phenomenologically similar.

4.1. Analogies between the senses

Over the years, a number of researchers have considered the parallels
between the senses of hearing and vision, in particular, concerning
pattern perception (Aksentijevic, Elliott, & Barber, 2001; Julesz & Hirsh,
1972). This brings up the similarities in many of the Gestalt grouping
principles that operate across the two spatial senses (e.g., see Spence,
2015, for a review). That said, the dimension on which grouping oper-
ates has been debated, with some arguing that space in vision maps onto
time in audition. Indeed, a few decades ago, an informative debate
emerged between two prominent North American psychologists con-
cerning the most appropriate way in which to think about the cross-
modal mapping between vision and audition (Handel, 1988a, b; Kubovy,
1988). Kubovy questioned the analogy that ‘space is to vision’ as ‘time is
to hearing’.'” Note, though, that in this case, the analogy is operating at
the level of the dimension of experience, rather than at the level of in-
dividual sensory stimuli (nor at the level of the analogy between re-
lations between the stimuli presented in each modality; Wells, 1980).

Over the years, Kubovy and his colleagues have continued to
investigate the parallels between auditory and visual sensory/percep-
tual information processing dimensions (e.g., Kubovy, 1981; Kubovy &
Van Valkenburg, 2001; Kubovy & Yu, 2012). Difficulties emerge, how-
ever, when one attempts to clarify the nature of the correspondence,
analogy, or alignment that may be implied in the space:time::vision:
audition relationship. One may be inclined to reformulate the question
in terms of the underlying basis on which such a relationship rests,
possibly referring to the notion of alignment resulting from structural
alignment, or the matching of the underlying sensory dimensions (this,
according to Spence & Di Stefano, 2024c).

At the same time, however, there are also grounds for considering
auditory pitch as analogous to visual space (e.g., when thinking about
the retinotopic organization in early vision, and the tonotopic repre-
sentation in early audition; e.g., Spence & Driver, 1994). As von Békésy
(1964b, p. 811) noted: “The tongue is a sense organ with a large surface
area. Since this is also true of the skin, the retina, and the organ of Corti,
some analogies between these apparently different sense organs are to
be expected.” (see also Hsiao, 1998; Keidel, 1974; White, 1974).%° For
instance, while noting that similar ‘what’ vs. ‘where’ neurophysiological
pathways are present in both the visual and tactile modalities, Hsiao

19 While intriguing, it is worth noting that this particular analogy fails to
specify which specific dimension of space should map onto which specific
temporal parameter in audition. For instance, does auditory duration corre-
spond to visual distance? Should auditory rhythm be mapped onto spatial
repetition, orientation, or motion trajectories? Without specifying a clear cor-
respondence between specific parameters, the analogy risks remaining more
rhetorical/qualitative than mechanistic/explanatory (Di Stefano & Spence,
2024).

2% Though, on the very same point, Marks (1983, p. 9) observed that: “the skin
is not a retina. Nor is it a cochlea. And the cochlea is not a retina.”.
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(1998, p. 158) is also cautious in his conclusions when stating that:
“Whether the similarities in touch and vision go beyond the peripheral
level is speculative.” Hsiao fails to offer an unequivocal answer to this
question, instead suggesting that: “Although the two systems appear to
be quite similar in many respects, there are many differences that
indicate that visual processing is significantly more difficult and requires
more neural machinery than touch.” (Hsiao, 1998, p. 159).

Analogies can range widely, from phenomenal/perceptual to
conceptual, and even to what might be called conventional
correspondences (see Di Stefano & Spence, 2024a). For example, we
may agree that vertical arrows pointing upward conventionally indicate
forward movement along the horizontal axis, as is the case of traffic
signs.”! Similarly, the criteria that are used to establish the space:time::
vision:audition analogy can vary considerably. These may include: (1)
Analogies based on shared variation patterns across sensory
modalities—for instance, both pitch and spatial height vary from low to
high (i.e., they can be considered as polar dimensions though note the
earlier point about pitch being metathetic in experience but physically
prothetic; Smith & Sera, 1992),> despite involving entirely
different physical dimensions (frequency vs. elevation)23; 2)
Structural/statistical relationships internal to each modality, such as the
fact that ‘larger objects make louder sounds’ (Gallace & Spence, 2006),
without implying any direct equivalence between size and loudness; or
(3) Metaphorical mappings grounded in affective or semantic
associations—such as linking harsh timbres with spiky visual
forms—where the analogy is mediated by emotional or symbolic
interpretation rather than direct perceptual similarity (cf. Marks, 1987a,
b; Murari, Roda, Canazza, De Poli, & Da Pos, 2015; Parise & Spence,
2012). Note also that Boroditsky (2000) has argued for metaphoric
structuring being involved in people’s understanding of time in terms of
spatial metaphors. A number of researchers have also studied the
development of metaphoric understanding (Wagner, Winner, Cicchetti,
& Gardner, 1981).

If distinct sensory modalities can represent the same external infor-
mation, this raises the question of whether such correspondences are
learned through experience or instead reflect innate representational
constraints. Early developmental studies might be taken to support the
latter view. For instance, Meltzoff and Borton’s (1979) oral-visual
matching experiments with one-month-old infants were interpreted as
evidence that neonates possess an innate capacity to represent shape in a
modality-independent format. According to such a view, spatial form
would be available to both touch and vision from the outset, allowing
crossmodal matching without prior associative learning. However,
subsequent work has cast doubt on this strong innatist conclusion. Both
replication failures and methodological critiques suggest that what is
transferred across modalities may not be abstract shape per se, but rather
lower-level features such as texture, hardness, or even numerosity (see
Spence & Di Stefano, 2025¢). In the same line, the study by De Hevial,
Izard, Coubart, Spelke, and Streri (2014) demonstrated that 0- to 3-day
old neonates reacted to a simultaneous increase (or decrease) in spatial
extent and in duration or numerical quantity, thus providing evidence
that representations of space, time, and number are systematically
interrelated prior to the acquisition of language and before extensive
experience with the environmental correlations between these

21 ‘Conventionally’ here means that, in a different context, the very same
vertical arrow could just as easily be interpreted as indicating upward move-
ment along a spatial axis, without any additional effort on the part of the
observer.

22 Though see Dolscheid and Casasanto (2015) for the suggestion that spatial
congruity effects may reveal metaphorical thinking, rather than necessarily
polarity correspondences.

23 At the same time, spatial attention has been shown to be directed vertically
as a result of the crossmodal correspondences operating at the level of the
relative pitch of auditory stimuli (Spence, 2011).
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dimensions.

4.2. Primary sensations and the distinction between analytic vs. synthetic
senses

Besides focusing on specific processing mechanisms of sensory
perception, researchers have often reflected on the general structure of
the senses, that is, asking whether global features emerge that charac-
terize one sensory modality as compared to the others. For instance, the
general distinction between spatial and non-spatial, or chemical, senses
provide an example of how sensory modalities differ in terms of their
ability to represent, or deal with, spatial or chemosensory information.
Needless to say, classifications of this sort are relevant to the issue of
similarity, allegedly constraining its applicability across the senses.

The notion of basic, or primary, sensory qualities is perhaps worth
discussing here in that it refers to the way in which sensory contents are
built in perception, namely, that some basic or atomic elements give rise
to more complex contents. The existence of basic sensory qualities has
been applied by many commentators to taste (gustation), and to the
dimension of colour (vision; see Spence & Di Stefano, in press). Though
it is by no means always clear whether researchers have quite the same
thing in mind when using the term ‘basic’ with respect to different senses
(cf. Byrne & Hilbert, 2008; Twomey, Roberts, Brainard, & Plotkin,
2021). As such, the mere existence of primary (or basic) sensations has
implications for the way in which the senses process information, that is,
in either an analytic or synthetic manner. While audition and vision are
exemplarily considered analytic and synthetic senses, respectively,
much blurred or debated is the nature of taste and olfaction. For
instance, Breslin (2001) highlights how taste is in some ways a synthetic
sense, like vision, while at the same time, sharing something of the status
of an analytic sense, like audition. That is, similarity relations can
simultaneously pull in different directions.

McBurney and Gent (1979) draw an analogy between gustation and
the skin senses instead,? due to the suggestion that separate channels of
tactile stimulation (just like discrete taste qualities) can perhaps be
considered as different sub-modalities of touch. They go on to suggest
that the analytic/synthetic question is anyway irrelevant to the discus-
sion of whether there are basic tastes. Relevant to this discussion,
Erickson and Covey (1980) conducted an intriguing study of taste pri-
maries in which separate groups of participants were presented with
either single or double combinations of colours, pitches, or tastants. The
participants in the study were simply asked to indicate whether the
stimuli were ‘singular’ or ‘more-than-one’. In line with the suggestion
that vision is a synthetic sense, the participants rated both single hues
and combinations of two hues as more ‘unified’ than ‘multiple’. In
contrast, single tones were rated as unified, whereas pairs of tones were
rated as ‘more than one’, thus supporting the analytic nature of audition.
Intriguingly, when it came to gustatory stimuli, participants’ responses
were neither purely synthetic (like vision), nor purely analytic (like
audition), but somewhere in-between, depending on the basic taste/
taste mixture that was being evaluated. Erickson and Covey (1980, p.
531) concluded that: “The most conspicuous aspects of the gustatory
data are that single stimuli, including the “primary” stimuli, are not
consistently judged as singular, and that mixtures are not consistently
perceived as being more than one. Instead, a more continuous distri-
bution of ratings from nearly “singular” to nearly “more than one” was

24 McBurney and Gent (1979, p. 165) end their article by concluding that: “If
one must make analogies among the senses, and one must, then we argue that
the proper senses with which one should compare taste are the skin senses.
After all, the sense of taste shares the same receptor surface, nerves, neurons,
and central projections as do the other skin senses. When one makes these
analogies, one sees that the notion of four basic qualities or submodalities of
taste has a great deal of empirical evidence to recommend it and avoids the
pitfalls into which the analogy with vision has led us.”.
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found.” These results lead Erickson and Covey to conclude that neither
the analytic or synthetic viewpoints, are appropriate analogies in the
context of thinking about tastes.

4.3. Prothetic, metathetic, and polar sensory dimensions

Stevens (1957) highlighted an important distinction between
‘metathetic’ and ‘prothetic’ stimulus dimensions. Prothetic dimensions
have a clear ‘more than’ and ‘less than’ end. Stevens refers to these as
quantitative perceptual continua (i.e., having to do with ‘how much’)
with ratio properties. Among prothetic dimensions, loudness, bright-
ness, lightness, heaviness, duration, roughness, and area can all be
mentioned. In contrast, metathetic dimensions obey a well-structured
organization without necessarily having a ‘more than’ or ‘less than’
end. Stevens classified these dimensions as ‘what kind’ or ‘where (po-
sition)’. For instance, both auditory pitch and hue are (perceptually)
metathetic dimensions, as are visual position, inclination, and propor-
tion, according to Stevens. Smith and Sera (1992) subsequently added
shape to the list. Interestingly, however, pitch and hue can also both be
represented as circular dimensions. (In fact, according to Pridmore
(1992), they may be the only perceptual dimensions that can be so
represented).

Polar dimensions should also be mentioned here. According to Clark
(1970), polar dimensions are fundamental to children’s development of
relational concepts. Dimensions such as big vs. little, high vs. low, but
presumably also left vs. right, sweet vs. sour/bitter are all polar. Notice
here how a polar organization can be applied to prothetic dimensions
(big vs. little; spatial high vs. low), to metathetic dimensions (such as left
vs. right; high vs. low pitch), and to pairs of stimuli that cannot be
organized as part of either prothetic or metathetic dimensions, such as,
for example, between pairs of basic tastes or olfactory stimuli (Proctor &
Cho, 2006). Polar dimensions can presumably be aligned with other
polar dimensions although which poles people choose to align may, on
rare occasions, turn out to lead to divergent mappings (Marks, 1974).
Intriguingly, certain of the basic tastes (having no commonly agreed
organizational principle) have nevertheless been shown to correspond to
the polar dimension of elevation (e.g., high vs. low; see Velasco, Adams,
Petit, & Spence, 2019).

These distinctions are likely relevant for theories of sensory simi-
larity. Notice that prothetic and metathetic continua afford different
types of similarity relations: prothetic dimensions tend to support
graded, metric-like similarity judgments (e.g., two sounds are similar in
loudness to the extent that their magnitudes differ only slightly),
whereas metathetic dimensions often yield similarity structures based
on categorical or positional relations rather than magnitude. Polar di-
mensions allow similarity to be grounded in opposition rather than
continuous distance. Because different sensory domains instantiate
these types of dimensional structures to different degrees, recognizing
whether a stimulus feature is prothetic, metathetic, circular, or polar
helps explain why certain crossmodal matches (or within-modality
similarities) may appear natural, while others can feel arbitrary or
strained instead. These dimensional properties therefore shape the ge-
ometry of perceptual spaces and constrain the kinds of similarity re-
lations that can emerge within and across the senses (see Di Stefano
et al., under review, for a comprehensive study on the multisensory
assessment of musical intervals).

4.4. Temporal and spatial patterns

Crossmodal similarity may also emerge from shared temporal and
spatial patterns of stimuli across modalities. For instance, descriptions of
gustatory experience, such as those reported in studies of basic tastes in
solution, frequently rely on temporal metaphors (sharp onsets, lingering
finishes, or evolving trajectories) that parallel the way in which people
describe auditory or visual events (Obrist, Comber, Subramanian,
Piqueras-Fiszman, Velasco, & Spence, 2014). Similarly, the classic
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Table 2
Summary of different kinds of similarities between the senses.
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Sensory similarity

Structural Affective/semantic

Phenomenal
Claim Sensory contents are similar
Example(s) Tomatoes and Ferraris are both red
Trumpet and french horn have similar timbre
Sensory/ Sensory
cognitive
Roots Rooted into the physiology and physical properties of the stimuli
Observations Not (or not significantly) influenced by culture, individual experience, or

language (except perhaps in the special case of odours taking on commonly-

paired taste qualities)

The way in which sensory contents
are organized or structured is similar
Intermittent lights and noise
Increasing brightness and a rising
glissando

Sensory

The affective or semantic meaning
attributed to sensory contents is similar
A siren call and a warning signal
Debussy’s Prélude a 'apres-midi d'un
faune and Monet’s Nymphéas

Sensory and cognitive

Rooted in the processing of dynamic
stimuli

Might be influenced by individual/
subjective factors

Relies on the affective or cognitive
elaboration of the stimuli

May be influenced by individual
experience, cultural background, and
language

bouba-kiki effect may be grounded in similarities in how sensory events
unfold over time: abrupt, discontinuous changes in shape align with the
sharpness of certain acoustic transitions, whereas smoother contours
correspond to gradual auditory transformations (Bremner, Caparos,
Davidoff, de Fockert, Linnell, & Spence, 2013). These examples suggest
that the structural dynamics of a stimulus—its (experienced) temporal
profile, rate of change, or spatial contour—can serve as a crossmodal
bridge for similarity judgments (see also Wanke et al., 2025).

A related source of evidence here comes from the language that
people spontaneously choose to use to describe their sensory experi-
ences. Notice how terms such as harmony, top notes, middle, base, and
even chords are regularly applied not only to sounds but also to smells,
reflecting a putative similarity in the organizational structure of audi-
tory and olfactory phenomenal experiences (Spence, Di Stefano,
Reinoso-Carvalho, Mesz, & Zacharakis, 2026). Such linguistic parallels
might be taken to reveal that people often conceptualize sensations
through shared structural and/or relational frameworks (Cazeaux,
2002). These convergences in temporal form, spatial patterning, and
descriptive vocabulary collectively highlight a level of sensory similarity
that is neither strictly phenomenal nor purely conceptual, but rooted in
the morphodynamic evolution of perceptual experience.

4.5. Interim summary

To summarize, sensory similarity can be categorized into three
different categories: Phenomenal similarity concerns those cases in which
sensory contents themselves are alike, as when tomatoes and a Ferrari
are both red or when a trumpet and a French horn share a similar timbre.
These judgments are primarily sensory in nature and are rooted in the
physiology of perception and the physical properties of the stimuli
(though the story may be different in the unique case where olfactory
stimuli take on the taste qualities with which they are commonly paired;
Spence, 2022b). Structural similarity, by contrast, arises when the orga-
nization or dynamics of sensory contents align, as in the parallel be-
tween intermittent lights and noise, or between increasing brightness
and a rising glissando. Such similarities depend on how the perceptual
system processes dynamic patterns, and although still largely sensory,
they may vary across individuals. Finally, affective or semantic similarity
involves those cases in which different stimuli are experienced as alike
because they convey comparable emotional, expressive, or conceptual
meanings. For instance, the resemblance between a siren call and a
warning signal, or the often-perceived affinity between Debussy’s music
(e.g., Prélude a l'apres-midi d’un faune) and Monet’s impressionist
paintings (e.g., Nymphéas). Such similarity judgments rely on a combi-
nation of sensory input and cognitive, stylistic, cultural, and linguistic
mediation, and are therefore the most variable across individuals and
contexts (see Table 2 for a summary.

Here, it might be useful to consider briefly how the tripartite division
outlined here links to Marks (1983) earlier distinction between
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phenomenological, information processing, psychophysics, and neuro-
physiological similarity. We have chosen not to focus on Marks’ ‘infor-
mational similarity’, which seems, at least in our view, circular. That is,
Marks suggests that informational similarity is when different sensory
systems provide information about the same sensory quality, which to
our way of thinking is actually one of the open questions that need to be
answered; namely, whether and how different sensory systems can
provide information about the very same property. Marks' ‘phenome-
nological similarity’ maps on to our phenomenal similarity, but here, by
using the term ‘phenomenal’ we stress that such similarity is established
at early stages of sensory processing, while the term ‘phenomenological’
seems to refer to the configuration and organization stages of sensory
contents into unitary and structured percepts. Finally, Marks’ notion of
‘psychophysical similarity’ refers quite closely to our notion of structural
similarity, which nevertheless sounds more neutral, or general.

A final complication should be mentioned here, and refers to those
rare cases in which similarity of the physical stimuli themselves is high,
yet perceptual similarity completely fails. A well-known olfactory
example occurs in the case of olfactory enantiomers, molecules that are
mirror-image isomers of each other. Enantiomers share identical
physico-chemical properties in almost every respect (e.g., molecular
weight, bond structure, energy spectra), differing only in terms of their
spatial chirality. Despite their similarity, however, humans sometimes
perceive them as having entirely distinct odours. A classic
demonstration involves the enantiomers of carvone, one of which smells
like spearmint, the other like caraway, even though the molecules are
chemically identical except for handedness (Brookes et al., 2009), Such
phenomena demonstrate that even when physical structure is nearly
indistinguishable, perceptual systems may map these stimuli into very
different qualitative categories. Such cases can be taken to challenge any
view that physical similarity is either sufficient, or necessary, for
perceptual similarity, thus making an important point for crossmodal
similarity clearer. If physical similarity within a single modality does not
guarantee phenomenal similarity, then it will be even less likely to
predict crossmodal correspondences in any straightforward way.

5. Individual differences, group differences, and modality-based
differences in sensory similarity

Ultimately, it is perhaps important to return, albeit briefly, to the
question, raised earlier in this narrative theoretical review, concerning
the possibility of individual differences in the perception of crossmodal
similarity (e.g., Marks, 1989b; Rader & Tellegen, 1987). While parsi-
mony might speak to the desirability of a unitary solution, as yet, we
have not come across any evidence that unequivocally argues for either
a unitary or multifarious answer to this question. As such, this is un-
doubtedly an important question for future research in the area of
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Table 3
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A set of diagnostic prompts to help distinguish phenomenal, structural, and affective/semantic similarity claims in practice. Note that most empirical phenomena likely
involve more than one level, the diagnostic prompts are therefore intended to identify the primary explanatory level of a given claim regarding similarity.

Similarity type Diagnostic question Hallmarks

Comments

Phenomenal Is the claim about similarity in what-it-is-like to
experience the stimuli?

(qualia)
Structural /

organizational

Is the claim about shared relations, dynamics, or
spatial/temporal structure rather than sensory
feel?

Is the similarity mediated by shared emotion,
meaning, metaphor, or concept?

Affective /

semantic differentials

Reports of felt resemblance; intramodal analogies
extended crossmodally; appeals to sensory qualities

No evident similarity between qualia; Relative position
on a scale; similarity between spatio/temporal patterns

Convergence in affective ratings or semantic

Intuitively clear in unisensory context, more
problematic across the senses

Might be mistakenly treated as phenomenal
similarity (e.g., low pitch is similar to dark
light)

Leave the question open as to why the stimuli
elicited similar affective / semantic meaning

sensory similarity.”” In the absence of robust data concerning such in-
dividual differences, it is difficult, as yet, to speculate on what theo-
retical implications, were they to be observed, might have (Churchland
(1998). Nevertheless, however, one might consider whether those in-
dividuals who exhibit absolute perceptual judgments in some domain,
such as, for example, those who have perfect pitch (see Di Stefano &
Spence, 2024b, for a review) might exhibit distinct pattern of structural/
organizational crossmodal similarity judgments as compared to others
where the relative, rather than the absolute, pitch of sounds appears to
be far more perceptually relevant. It is also worth noting how cross-
cultural research has sometimes delivered a different answer, e.g., in
terms of the crossmodal mapping of bitterness to angularity (see
Bremner et al., 2013). While synaesthesia can be discounted (as
speaking to the issue), there are various other groups of individuals who
either fail to experience certain crossmodal correspondences, or else
exhibit different ones (see Spence, 2022a). There have also been occa-
sional reports of different polarities of crossmodal correspondence
mapping amongst populations (e.g., in the correspondence between vi-
sual lightness and auditory pitch; see Marks, 1974).

The one area where there is a clear opportunity for individual dif-
ferences in sensory similarity is in the case of those odorants that take on
the associated taste properties. Notice how it is here, and only here, that
cultural differences in cuisine will likely give rise to sometimes different
patterns of similarity between food aromas and basic tastes (cf. Blank &
Mattes, 1990).

6. Testable predictions and methodological guidance for future
research

If similarity reflects genuinely phenomenal overlap between sensory
contents, then crossmodal matching should be robust to changes in
stimulus orientation, scale, modality-specific exploratory constraints,
and context (or range effects; see Cohen, 1934). By contrast, if similarity
is structural or relational, then performance should depend on the
preservation of higher-order relations (e.g., relative position within a
sensory dimension or spatiotemporal pattern) and should be affected by
disruption of these relations, even when stimuli features are the same
(see Table 3 for a set of diagnostic prompts to help distinguish the
different kinds of similarity prompts). In the future, experimental de-
signs that separately manipulate dimensions often conflated in previous
work might help to shed light on the relational/structural nature of
similarity. For example, studies of crossmodal “shape” transfer should
independently manipulate shape, size, texture, and numerosity, rather
than treating shape as a unitary property.

7. Conclusions
In conclusion, multiple similarities between the senses have been

suggested by researchers over the decades (e.g., Marks, 1983). Most

2% This problem becomes all the more challenging when it comes to assessing
questions of sensory similarity in other species (see Spence & Deroy, 2012).
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frequently mentioned is the phenomenal, but this is also most prob-
lematic, especially in the crossmodal domain, given the widespread
appeal to synaesthesia (Deroy & Spence, 2013; Martino & Marks, 2001).
However, as has been highlighted in this review, multiple other parallels
between different combinations of senses have also been proposed.
While researchers could, presumably, have chosen to compare any pair
of senses, it is noticeable how the majority of commentators have chosen
to focus on the comparison of, and/or analogies between, vision with
audition (e.g., Geldard, 1970; Harris, 1950; Julesz & Hirsh, 1972; Ste-
vens, 1958). Partly, it could be imagined, this might be the result of
visual dominance (Hutmacher, 2019), and also the similar circular/
polar structure of the underlying perceptual continua in the case of
auditory pitch and visual hue (Smith & Sera, 1992; Spence & Di Stefano,
2024b).%° Others, like Von Békésy have been drawn to the parallels
between audition and touch, given that, within a narrow frequency
band, the same physical stimulus can potentially be both heard and felt.

At the same time, however, as highlighted by Di Stefano and Spence
(2024a), similarity is a complex notion, regardless of the type of stimuli
(individual sensory stimuli, entire sensory dimensions or modalities, or
anything else for that matter) that one happens to be comparing, espe-
cially given the multiple sensory, perceptual, and cognitive dimensions
along which similarity often operates (e.g., Attneave, 1950; Landahl,
1945; Matthen, 2005; Medin, Goldstone, & Gentner, 1990, 1993; Mel-
ara, Marks, & Lesko, 1992; Nosofsky, 1992; Shepard, 1974; Tversky,
1977; Yearsley, Pothos, Barque-Duran, Trueblood, & Hampton, 2022).

It is important to recognize the theoretical work that specific cross-
modal analogies are intended to do in terms of problem-solving and
reasoning (e.g., Gentner, 1989; Gentner & Holyoak, 1997), including
influencing the way in which we think about the operation of the senses
(von Békésy, 1959, 1964a).?” What is more, it should also be stressed
that no one analogy is likely to capture the operation of a complex
system, and thus multiple analogies have been proposed as the most
appropriate route when considering any kind of complex concept (i.e.,
to help avoid analogy-induced misconception in the acquisition of
advanced knowledge; Gentner & Gentner, 1983; Spiro et al., 1989). The
same recommendation would appear to be most appropriate when it
comes to thinking about sensory similarities too.

It is interesting to at least ask the question of what is known con-
cerning the cognitive neuroscience underpinnings of crossmodal
perceptual similarity judgments. Unfortunately, there is little concrete
evidence as yet relevant to this theme. That said, one might legitimately

26 Also relevant here may be the preponderance of audiovisual forms of
crossmodal synaesthesia (e.g., consider only the extensive scientific literature
and artistic interest in ‘colour music’; Karwoski & Odbert, 1938; Lorusso &
Porro, 2010; MacDougal, 1898), as compared to other combinations of cross-
modal inducer and concurrent (e.g., Day, 2005), which has, in turn, led to a
whole movement in the arts towards color music (e.g., Zilczer, 1987).

27 Asvon Békésy (1964a, p. 369) put it: “The existence of an analogy between
hearing and smelling may help to delineate some electrophysiological corre-
lates of the directional sensation, which is so well developed in both senses.”
This following von Békésy’s (1959, p. 10) earlier suggestion that: “...the simi-
larity between hearing and the skin sensations can be of real value.”.
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expect different neural substrates depending on the type of similarity
under consideration (shared phenomenal qualities, analogous structural
or organizational patterns, or convergent affective or semantic mean-
ings, each grounded in increasingly cognitive and culturally-mediated
processes), as outlined here, and perhaps also depending on the com-
bination of modalities involved (i.e., presumably audiovisual similarity
judgments are likely to recruit very different neural substrates than
gustatory-olfactory decisions).
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