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MacDonald [1]. They discovered that when acoustw/ Avas
ABSTRACT presented in synchromith afacesaying/ga/, subjects reported
that they heard &d. This effect of vision on heard speech drew

A growing assemblage of researchers has, in recent yeafgention because it was unanticipated by then extant theories of
adopted methods and theories that acknowledge and exploit Eﬁfeech perception and was even contrary to intuitions.

multisensory nature of speech perception. This paper, which is

an introduction to the special session, “The Senses of Spedather related studies followed the initial description of the

Perception,” gives a briefhistorical review of research McGurk illusion [e.g., 2,3], and several different theories were

concerning the multiple senses of speech perception, discuseéfered [4,5,6]. Green [2], in this session, presents an overview
major issues and suggestslirections for future research.  of research on the McGurk illusion. The paper by Sekiyama et

(Work supported in part by NIH grant DC00695.) al. [3], in this session, shows that the illusion is sensitive to
native language, acoustic dig language proficiency, and
1. INTRODUCTION TO THE SPECIAL cultural factors.
SESSION ON THE SENSES OF SPEECH Although highly influential, the McGurklusion should not be
PERCEPTION mistaken as the seminal research on crossmodal speech effects.

) ) Precedence belongs with researchers who showed that word
Not many years ago, the speech perception tool kit was complgignsification accuracy under noisy acoustic dnds improves
with instruments to measure, sample, process, synthesize, @fithn, the listener can also see the talker [7,8,9,10, also see 11].
output only acoustic speech signals. Presently, for a growifgecedence also belongs with clinical researchers who examined
number of speech perception researchers, instrumentatigna|-alone and audiovisual speech perception in individuals
includes systems that deliver and/or sample optical speegfih hearing losses. Initial research in this area predated
signals. For a few investigators, speech stimuli are generated I\WGurk, in some cases by more than 50 years [12,13,14,15].
movement and/or vibration transducers. The motivations for thﬁnally, research on sensory supplements ortkutes for use
multimedia armamentarium are numerous. They cabedfin . individuals with profound hearing loss is the precedent for
speech  perceptiontheories clinical  applications, and i, estigations of speech perception via touch and dates to the
technological developments.Whatever the motivation, the g4y twentieth century [16]. Reed [17], in this session, discusses
adoption of multimodal speech research hds acknowledges Tadoma, a method used by a small number of deaf-blind people
as a fundamental fact that speech perception is multisensory. {4 perceive speech through their hands. Developments in

The assignment accepted by the lecturers in this special sesdbiificial sensory subgtitutio_n have afforded further evidence that
was to present research on speech perception or fdongn SPE€Ch can be perceived via touch [18,19,20,21,22].

involving audtion, vision, and/or touch, and to address th&yjithout question, ample evidence exists in therature for
question, What do the facts of multisensory speech percept'%ltisensory speech perception. The ease with which people
imply about the nature of the spoken language processif@quently comprehend speech by audition alone and the
system? The self-assigned task of the present authors Wasmté’thodological rigors associated with cofitng several
briefly point out the precedents in the literature for multisensoryiftarent stimulus modalities are perhaps two reasons why

speech perception and highlight several important areas und®jeech perception research to date has been almost exclusively
the headings of theoretical, clinical, and technological issues. f5cused on auditory speech perception.

2. HISTORICAL BACKGROUND 3. THEORETICAL ISSUES

Current interest in multisensory speech perception can bgne surprising fact about rtisensory speech perception is that
attributed largely to findings reported by McGurk and i frequently causes superadditivity. Superadditivity occurs when



speech perception accuracy with two sources of information @d benefits affect spoken language comprehension remains to

greater than predicted by the sum of accuracy measures for beediscovered.

individual sources. A good example of supertdtly occurs

when the face of the talker is combined with an acoustic signal 4. CLINICAL ISSUES

that presents the same talker’'s voice fundamental frequenc?/ ) ) L ) )

(FO). By itself, the FO signal is not intelligible. When FO iSAthough (.ex.perlmen.ts |nvo.IV|ng !nd|V|duaIs Wlth hearlng and/or

combined with visible speech (for which average performancésual deficits, or with brain lesions are typically consigned to

by adults with hearing is approximately 20-30% words correct iffi€ Primarily clinical literature, much basimowledge is to be

sentences) performance is typically enhanced by approximaté@rned about nitisensory speech perception from such

20-40 percentage points words correct [e.g., 23,24]. individuals. By investigating speech perception in the absgnce of
auditory and/or visual experience, and speech perception by

Theoretical explanations are needed for superadditivity, as wédldividuals with specific brain damage, it is possible to

as for enhanced speech perception in noise, the McGurk illusiafissociate  modality-specific ~ from  modality-independent

and visual-tactile speech perception. Each of thes@lies characteristics of speech perception and language processing.

intersensory information organization and integration. ) » . o
One source of modality-specific effects is the localization of

Summerfield [25] argued that integration of speech informatioprocessing in different brain structures as a function of the site
occurs prior to linguistic categorization, and he suggestesf sensory stimulation. Campbell [32], in this session, presents
alternative common metrics as terms in the integration calculusvidence that visual-alone speech perception engages somewhat
His inventory of common metrics for intersensory integration iglifferent visual areas of the brain than does audiovisual speech
similar to the inventory of positions taken by theorists in speegierception. Her studies with brain-lesioned patients suggest the
perception concerning what are the objects of speech perceptipossibility that the architecture for processing visible speech
Possibilities include theosinds of speech [26], the articulatory differs from that for acoustic speech.

gestures [5], the talker's linguistic intentions [4], and the ) ) ) ] )
linguistic unitsof languagd27]. Greer{2], in this session, points Reed [_17], in this session, reports on studies of experl_enced
outthatthe McGurk illusion is frequently interpreted as evidenc&€af-blind users of Tadoma. Reed and colleagues [33] estimated
that the common metric is articulatory, and he reviews othdpat Tadoma performance with connected speech was equivalent

phenomena that support either an articulatory or auditory metrit listeners’ performance with sentences in speech-to-noise
conditions of 0 dB, that is, approximately 70% words correct in

Integration implies that the perceiving system somehow registesgntences. Their results are seen as an existence proof for speech
that diverse information belongs to the same event. Remez [2Bkrception via touch alone. Bernstein, Demorest and Tucker [34]
in this session, argues that intersensory integration shaigsve studied highly accurate visual speech perception in adults
characteristics with intrasensory integration. He proposes thagith profound congenital hearing losseaniarly to the expert

the organization of speech information is not achieved by Badoma users, subjects’ accuracy rates for words in sentences
cognitive decision process nor by similarity principles of Gestalovered near 80% words correct. That several of the individuals
psychology but rather relies on perception of informationadtudied had little if any auditory experience can be seen as an
coherency across sensory systems. Acceptance of this propaséastence proof for speech perception via vision alone.

implies a search for the perceptual principals [see 29] and/or ) ] o
formal expressions for intersensory coherency. Results from congenitally deaf and deaf-blind individuals

strongly suggest that speech perception is potentially litypda
Vatikiotis-Bateson et al. [30], in this session, discuss severgldependent. The paper by Pisoni et al. [31] is, however, a
quantitative analyses that appear to reflect coherency across datation against a premature leap in this direction, given their
from video recordings of talkers’ faces, 3D facial markefindings that modality-specific information is carried forward
positions, speech acoustics, and EMG recordings from perioiato long-term memory. Furthermore, the fact that lipreading
muscle activity. Reported high correlations between 3D faci@oficiency varies more widely in both hearing and deaf
marker positions and RMS amplitude of the speech acousfiepulations [34] than does auditory speech perception suggests
signals are evidence that speech signals afford characteristitat modality does matter in ways that need to be specified.
that could induce the intersensory coherency Remez [28]
predicts. A possible implication of the Vatikiotis-Bateson et al. 5. TECHNOLOGICAL ISSUES
results is that a common metric is not required for intersensory

integration, if temporal alignment is maintained across sourcéshas long been a human dream to create machines able to speak
of information. and/or to understand speech. In the period of ancient Greece,

priests used talking statues as oracles to cheat on and better
Pisoni et al. [31], in this session, investigated whethefonvince their audience. More recently, several speaking
audiovisual speech processing enhances and/or diminishfigchines have been devised, first as mechanical devices, then as
memory capacity. They assume the integration process and asctronic devices, and today mostly with computers. Indeed, the
how it affects higher-level processing. Their results suggest thaéw era of multimedia renews the challenge of multimodal
intersensory integration is achieved at a cost to memory spadmmunication. Although the keyboard and mouse remain the
although it enhances long-term storage. Whether/how these cagigst widely used modes of human-machine communication, it is



obvious that spoken communication is more natural and requir€ke studies in this session focus on the remarkable ability of
less practice. Multimodal human-machine poken humans to process speech throughltiple senses. Human
communication is a big challenge today, and technological spiperception is a fundamental framework for developing
offs are naturally expected from a better understanding of hanthropomorphic machines, and machines are essential tools to
humans produce and understanditimodal speech. In return, model and test the integration of multisensory information.
synthetic speaking faces and automatic multimodal speech

recognizers are tools that allow i) qtitative evaluation of 6. REFERENCES
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