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1.

Introduction
This position paper argues that a systematic study
of the behavioral and neural mechanisms of crossmodal
correspondences between timbral dimensions of sound
and perceptual dimensions of other sensory modalities,
such as visual brightness, tactile roughness, or gustatory
sweetness, can offer a new way of addressing old questions about the perceptual and neurocognitive mechanisms of timbre semantics. At the same time, timbre and
the crossmodal metaphors that dominate its conceptualization can provide a test case for better understanding the neural basis of crossmodal correspondences and
human semantic processing in general.
2.

Motivation
Timbre is one of the most fundamental aspects of
human auditory cognition and yet it remains one of
the most poorly understood. The remarkable ability
of the brain to recognize the source of a sound—glass
breaking, footsteps approaching, a singer’s voice, a musical instrument—stems in part from a capacity to perceive and process differences in the timbre of sounds.
Despite being an intuitive concept, however, timbre
covers a very complex set of auditory attributes that
are not accounted for by frequency, intensity, duration, spatial location, and the acoustic environment
[1]. Furthermore, people lack a sensory vocabulary for
sound. Instead, sound qualities are communicated primarily through sensory attributes from different modalities (e.g., bright, warm, sweet) but also through onomatopoeic attributes (e.g., ringing, buzzing, shrill) or
through nonsensory attributes relating to abstract constructs (e.g., rich, complex, harsh). These metaphorical
linguistic structures are central to the process of conceptualizing timbre by allowing listeners to communicate subtle acoustic variations in terms of other, more
commonly shared sensory experiences (nonauditory or
auditory-onomatopoeic) and abstract conceptions.
Research in timbre semantics has long aimed to identify the few salient semantic substrates of linguistic de∗ e-mail:
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scriptions of timbral impressions that can yield consistent and differentiating responses to different timbres,
along with their acoustical correlates. In the most commonly adopted approach, timbre is considered as a set
of verbally defined perceptual attributes that represent
the dimensions of a semantic space, derived through
factor analysis of ratings along verbal scales known as
semantic differentials [2]. The latter are typically constructed either by two opposing descriptive adjectives
such as “bright–dull” or by an adjective and its negation as in “bright–not bright”. Previous studies have
identified three salient semantic dimensions for timbre,
which can broadly be interpreted in terms of brightness,
roughness, and fullness [3–5]. The first two dimensions
appear to be associated with spectral energy distribution and fine spectrotemporal modulations, respectively,
while the third refers to impressions of overall spectral
content.
The semantic differential method has been instrumental in advancing the scientific understanding of timbre.
Yet the view that the complex multivariate character of
meaning can be captured by a low-dimensional spatial
configuration can be challenged. A different approach
relies on cognitive categories emerging from psycholinguistically inferred semantic relations in free verbalizations of sound qualities [6]. Such analyses have provided
additional insight regarding particular factors that contribute to the salient semantic dimensions of timbre
(e.g., [7, 8]). Still, both semantic differential scales and
free verbalization tasks seem to miss an important point:
sensory nonauditory attributes of timbre exemplify a
more ubiquitous aspect of human cognition known as
crossmodal correspondences: people tend to map between sensory experiences in different modalities (e.g.,
between color and touch [9]) or within the same modality (e.g., between pitch, timbre, and loudness [10]).
Our current understanding of crossmodal correspondences strongly resembles a “black box”: there is ample evidence of consistently regular mappings between
modalities but limited knowledge of both the psychophysics and higher cognitive processes that govern
those mappings. In the case of sound, there is a grow1
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ing body of studies documenting the behavior of pitchbased associations (e.g., pitch-height and -brightness;
see [11] for a review) but similar research on timbre
is still very limited [12–15]. In addition, there are currently very few published neuroscientific studies explicitly looking at auditory-nonauditory correspondences
[16–18].
Observing certain crossmodal mappings in preverbal
infants [19, 20] suggests that they may reflect structural
similarities shared across modality-specific sensory coding at a purely perceptual (i.e., prelinguistic or nonlinguistic) level. Such accounts may be extended to embodied conceptual representations grounded in perception and action and on the statistics of the environment
[21, 22]. Pitch-height mappings, for example, may originate in bodily experience, because people’s larynges rise
when they produce higher pitches and descend when
they produce lower pitches.
However, strictly embodied explanations of concepts
may be insufficient to explain all crossmodal associations, especially those observed in adults as well as children at least 5–9 years old where language is engaged to
describe perceptions and which appear to emerge during
late decisional rather than early perceptual processes
[23]. Such evidence suggest that even if some crossmodal associations have their origins in perception and
action, through continuous cultural learning they may
become incorporated in language and thus mediated
by semantic processes; moreover, they may arise from
supramodal conceptual representations established after stimulus features have been recoded into an abstract
semantic format common to perceptual and linguistic
systems [24]. For instance, describing a sound as bright
may be rooted in a supramodal concept of brightness
rather than visual brightness per se. In other words,
the quality of bright may not be anchored in the visual
modality, but in a supramodal representation responsive
to certain stimulus features regardless of modal content
(cf. [25]).
Neuroimaging data studied across a variety of semantic tasks, including crossmodal correspondences, demonstrates that semantic processing in the brain involves
direct interaction and exchange of information between
modality-specific sensorimotor areas, possibly through
synchronized activity, but also recruits a large network
of so-called supramodal regions where perceptual information streams from different modalities are known to
converge (auditory-visual correspondences [16–18]; auditory brightness [26]; auditory size [27]; voice recognition [28]; general conceptual processing [29–31]). These
include zones within the inferior parietal lobe, the lateral and ventral temporal cortex, and the prefrontal cortex, among others. According to a theory of “embodied abstraction”, modality-specific perceptual systems
may provide the primary mechanism for acquiring concepts and grounding them in the external world, while
supramodal zones enable the gradual abstraction of
unimodal sensorimotor simulations to facilitate highly
schematic conceptual functions [32].
2

3.

A roadmap
In viewing timbre semantics through the lens of crossmodal correspondences, questions about the psychoacoustics and neural basis of the former can thus be reconsidered: What intrinsic timbral properties of sound
evoke the same impression as touching a velvety surface or viewing a hollow object? Are perceptual attributes of different sensory experiences (e.g., a smooth
surface, a sweet taste, and a rounded form) mapped to
similar or distinct timbres? Do crossmodal timbral attributes (e.g., bright, warm, sweet) correspond to common, supramodal neural configurations, or do they trigger matching responses between the auditory and the
respective modality-specific (e.g., visual, somatosensory,
gustatory) areas? To address these questions, an extensive examination of auditory-nonauditory correspondences is needed, including amassing behavioral and
neuroimaging data from appropriate tasks.
Previous work has three important methodological
limitations. First, the use of words to convey sensory attributes (e.g., using the word “sharp” instead of a sharp
form) might have influenced the investigated associations because of analogous mappings existing between
linguistic features of words and visual forms [14]. Second, stimuli (linguistic or physical) were often reduced
to two values per modality with no grades in between.
Such choices implicitly assume that crossmodal associations are purely context-sensitive and monotonic, but
evidence of absolute or nonlinear mappings challenge
such assumptions (e.g., [33]). Additionally, participants
might have explicitly categorized stimuli in terms of opposing poles rather than based on the actual mapping of
one sensory cue to another [34]. Third, pertaining only
to the few timbre-based studies, sound stimuli tended to
be limited to recorded notes from musical instruments,
which may implicate source-cause categories [35].
A systematic investigation of crossmodal correspondences between timbre and nonauditory perceptual dimensions therefore necessitates auditory stimuli that
can be manipulated along intrinsic continuous dimensions of timbre [36], and nonlinguistic nonauditory stimuli designed along perceptually gradient scales to facilitate the matching of auditory-nonauditory sensory
experiences that may evoke the same concepts (e.g.,
[9,14]). Leveraging advancements in sound synthesis and
morphing, visual signal processing, haptic displays, and
virtual reality, such research can bring a new perspective into understanding the sensations of sound.
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