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Article Addendum
Textural timbre

The perception of surface microtexture depends in part on multimodal spectral cues
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During haptic exploration of surfaces, complex mechanical
oscillations—of surface displacement and air pressure—are
generated, which are then transduced by receptors in the skin
and in the inner ear. Tactile and auditory signals thus convey
redundant information about texture, partially carried in the
spectral content of these signals. It is no surprise, then, that the
representation of temporal frequency is linked in the auditory
and somatosensory systems. An emergent hypothesis is that there
exists a supramodal representation of temporal frequency, and by
extension texture.

When exploring an object tactually, our ability to recognize
the object depends a great deal on our perception of its surface
texture and material properties. The perception of coarse surface
texture is determined by the spatial pattern of deformation it
produces in the skin.! However, the perception of fine surface
texture has been shown to rely on the transduction and processing
of vibrations produced in the finger during exploration.? In fact,
fingerprint skin may play a role in enhancing texture-elicited vibra-
tions to increase the salience of surface microtexture.? First, in the
absence of movement between texture and surface, the ability to
discriminate between fine surfaces is abolished.* Second, when
mechanoreceptive afferents that are sensitive to vibrations are
desensitized, the ability to distinguish finely textured surfaces is
severely impaired.’> Third, the surreptitious delivery of vibrations
during the exploration of surfaces affects their perceived texture.®
Fourth, the perceived roughness of a texture can be predicted from
the intensity of the vibrations it produces.”8
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The intensity of the vibrations determines the perceived rough-
ness of the surface that elicits them, but their temporal properties
also play an important role in determining perceived texture.
Indeed surfaces not only vary along several continua, notably
roughness/smoothness, hardness/softness, stickiness/slipperiness
and warmth/coolness,” they are also imbued with characteristic
properties that are not captured by these dimensions and that seem
to involve a temporal element. The periodicity of corduroy, for
instance, is not captured by any textural dimension. The overall
percept evoked by a texture seems to be determined not only by the
intensity of the vibrations it produces in the skin, but also by their
spectral content!® (Fig. 1). Specifically, vibrations elicited during
the exploration of a surface have a characteristic spectral content
that determines its perceived texture, a sort of “textural timbre.”
Our ability to perceive surface texture indirectly through tools
constitutes further evidence that textural information is conveyed
through vibratory cues.!1?

That vibrations convey textural information is an idea that
has been embraced in rodent somatosensory research.!?> Rodents
actively explore their environment using stereotyped vibrissal
sensing strategies,14 which result in micromotions of the vibrissae.
Textural information can be derived from the characteristic
temporal patterns of whisker movement!'> or, according to the
“resonance hypothesis,”'® from the spatial pattern of activated
whiskers, each sensitive to a particular frequency or range of
frequencies. Although the features of whisker motion that are
relevant to texture encoding are under dispute, a consensus is
emerging that rodents, like primates, rely on the spectral analysis
of mechanical vibrations to distinguish textured surfaces.!?

Odur ability to discriminate textures solely on the basis of auditory
cues can be interpreted as evidence for the role of spectral analysis
in texture perception.!” In fact, the auditory and somatosensory
systems have been shown to interact in texture perception. In the
“Parchment-skin illusion”, the perceived texture of skin depends
on the frequency content of simultaneously heard touch-related
sounds.'8 The perception of textured surfaces is similarly modified
by manipulation of auditory cues.!” Results from these studies,
along with other demonstrations of audiotactile interactions,?”
strongly suggest that the auditory and somatosensory systems are
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Figure 1. Vibrations elicited as two etched silicon surfaces, consisting of
an array of truncated pyramids, with spatial periods of 276 (leff) and 416
microns (right), are scanned across the finger at 20 mm/s. Vibrations (top
plots) were recorded using a Hall Effect Transducer.” As can be seen, both
from the raw traces and the spectrograms, the two surfaces elicit vibrations
that differ in their spectral content. The peak frequency of the vibrations is
linearly related to the scanning speed and inversely related to the spatial
period of the surface (approximately 72 and 48 Hz for the two surfaces
at the nominal scanning speed).

perceptually linked, although these interactions remained, until
recently, to be systematically explored in the temporal domain
(as pointed out by Soto-Faraco and Deco??).

In a first such attempt, we recently showed that the percepts
of auditory and tactile stimuli interact in a frequency-dependent
manner.?! Indeed, auditory distractors affected the ability of
human subjects to discriminate the frequency of tactile stimuli to
the extent that the frequency content of the auditory and tactile
stimuli was similar. The same auditory distractors did not affect
participants’ ability to discriminate the intensity of tactile vibra-
tions, suggesting a specificity of auditory interference on tactile
perception to the frequency domain. Furthermore, we found the
distracting effects of band-pass noise stimuli to be comparable to
their pure tone counterparts. This last result is especially relevant
to the present discussion given that the signals conveying textural
information are spectrally complex.!?

The cortical representation of vibrotactile frequency has been
a matter of debate, but it is generally accepted that “flutter”
(<80 Hz) and vibration are processed along distinct channels.??3
Although the cortical representation of “flutter” has been exten-
sively studied,?* its high frequency counterpart remains to be
elucidated. In light of the specific audio-tactile interactions
described above and given that the auditory system is specialized
for spectral analysis, one intriguing possibility is that the spec-
tral analysis of tactile signals is mediated by an area traditionally
believed to be auditory. A promising candidate is the caudome-
dial auditory belt area (area CM),?>?7 which has been shown to

receive somatosensory input?$2

and is sensitive to both auditory
pure tones and band-pass noise.?® The hypothetical role of area

CM in texture perception is readily testable: manipulation of CM
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activity using microstimulation (in the case of animal studies) or
transcranial magnetic stimulation (TMS) should modify or disrupt
textural percepts.

During haptic exploration of surfaces, then, complex mechan-
ical oscillations are generated, which are tranduced by receptors
in the skin and in the inner ear. Tactile and auditory signals thus
convey redundant information about texture, in part carried in
the spectral content of these signals. It is no surprise that the
representation of temporal frequency is linked in the auditory and
somatosensory systems. An emergent hypothesis is that there exists
a supramodal representation of temporal frequency, and by exten-
sion texture.
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