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Foreword to the Second Edition

Two remarkable developments have taken hold since the publication of the first
edition of The Handbook of Speech Perception in 2006. The first is directly connected
to the study of speech perception and stands as a testament to the maturity and
vitality of this relatively new field of research. The second, though removed from
the study of speech perception, provides a timely pointer to the central theme of
this book. Both of these developments are so overbearing that they simply cannot
go without notice as I write this preface in the last quarter of 2020. They also help
us to see how the complex landscape of speech perception research intersects with
some of the most challenging and exciting scientific frontiers of our time.

The first of these developments is the appearance of virtual assistants such as
Apple’s Siri, Amazon’s Alexa, and Microsoft’s Cortana. While it is a well-worn
cliché to mark time by technological developments, the rapid adoption of these
speech technologies over the past decade is hard to ignore when thinking about
speech communication. The domain of speech perception now includes both
humans and machines as both talkers and listeners. What exactly does machine
speech recognition have to do with the body of research presented in the chapters
of this handbook, all of which address human speech perception? These speaker-
hearer machines certainly do not perceive speech in a human-like way; Siri, Alexa,
and Cortana do not sense speech as do human ears and eyes, their machine
learning algorithms do not result in neurocognitive representations of linguistic
properties, and they are not participants in the relationships and social meanings
encoded in the indexical properties of speech. In his preface to the first edition of
this handbook, Michael Studdert-Kennedy noted that “alphabetic writing and
reading have no independent biological base; they are, at least in origin, parasitic
on spoken language.” Studdert-Kennedy went on to suggest that, “speech produc-
tion and perception, writing and reading, form an intricate biocultural nexus”
(my italics). With the invention of virtual assistants, spoken language once again
participates in a symbiotic relationship with a new medium of verbal communica-
tion. Within this complex and evolving ecology of spoken-written—digital lan-
guage, the study of human speech perception continues to reveal, in increasing
detail, the contours of this biocultural nexus. Immersion into this field of inquiry,
made so accessible by the carefully selected and recently updated collection of
chapters in this handbook, is so stimulating precisely because it illuminates the
milestones that mark the path to, through, and beyond this nexus.
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The second development that cannot go without mention as this updated hand-
book goes to the printing press in 2020 is the startling spread of the Covid-19 virus
through human communities across the globe. Speech sounds, words, ideas, and
(unfortunately) viruses are all transmitted from person to person through the air
that we breathe during social interactions. With the covering of visible speech ges-
tures by virus-blocking masks, the awkward turn-taking of video conferencing
tools with single-track audio channels, and the social distancing that protects us
from the Covid-19 virus, this pandemic is a constant reminder of the multimodal
nature of speech perception and of the centrality of in-person social interaction for
seamless speech communication. The arrangement of the first three major sections
of this handbook — I: Sensing Speech, II: Perception of Linguistic Properties, and I1I:
Perception of Indexical Properties — provides the scaffold for an understanding of
speech perception as far more than perception of a particular auditory signal.
Instead, the chapters in these sections, along with the applications and theories
covered in the remaining two sections — IV: Speech Perception by Special Listeners,
and V: Theoretical Perspectives — develop the overarching argument that the obser-
vation, measurement, and modeling of speech perception must be conducted from
a vantage point that encompasses its broad cognitive and social context. This
central point is brought home in the final chapter by David Pisoni, one of the
founders of the field and editors of this handbook:

“. .. hearing and speech perception do not function as independent autonomous
streams of information or discrete processing operations that take place in isolation
from the structure and functioning of the whole information-processing system.
While it is clear that the early stages of speech recognition in listeners with normal
hearing are heavily dependent on the initial encoding and registration of highly
detailed sensory information, audibility and the sensory processing of speech is only
half of the story”.

The chapters in this handbook provide a superbly sign-posted map of the full
story.

Any compendium of knowledge on a particular topic represents a body of
knowledge that developed in a specific time and place. The contributors to this
handbook cover several generations of researchers spread over many academic
disciplines working primarily on both sides of the North Atlantic Ocean. Yet, the
scientific study of speech perception as presented in this outstanding handbook is
still relatively young and localized. Perhaps one of the lasting lessons of the current
pandemic is that we are all even more connected than we thought. New ideas and
new ways of knowing can circulate as extensively, though maybe not quite as
quickly, as a virus. This bodes well for the future of speech perception research.

Ann R. Bradlow
Northwestern University
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Historically, the study of audition has lagged behind the study of vision, partly, no
doubt, because seeing is our first sense, hearing our second. But beyond this, and
perhaps more importantly, instruments for acoustic control and analysis demand
a more advanced technology than their optic counterparts: having a sustained
natural source of light, but not of sound, we had lenses and prisms long before we
had sound generators and oscilloscopes. For speech, moreover, early work revealed
that its key perceptual dimensions are not those of the waveform as it impinges on
the ear (amplitude, time), but those of its time-varying Fourier transform, as it
might appear at the output of the cochlea (frequency, amplitude, time). So it was
only with the invention of instruments for analysis and synthesis of running
speech that the systematic study of speech perception could begin: the sound spec-
trograph of R. K. Potter and his colleagues at Bell Telephone Laboratories in New
Jersey during World War II, the Pattern Playback of Franklin Cooper at Haskins
Laboratories in New York, a few years later. With these devices and their successors,
speech research could finally address the first task of all perceptual study: defini-
tion of the stimulus, that is, of the physical conditions under which perception
occurs.

Yet, a reader unfamiliar with the byways of modern cognitive psychology who
chances on this volume may be surprised that speech perception, as a distinct field
of study, even exists. Is the topic not subsumed under general auditory percep-
tion? Is speech not one of many complex acoustic signals to which we are exposed,
and do we not, after all, simply hear it? It is, of course, and we do. But due partly
to the peculiar structure of the speech signal and the way it is produced, partly to
the peculiar equivalence relation between speaker and hearer, we also do very
much more.

To get a sense of how odd speech is, consider writing and reading. Speech is
unique among systems of animal communication in being amenable to transduc-
tion into an alternative perceptuomotor modality. The more or less continuously
varying acoustic signal of an utterance in any spoken language can be transcribed
as a visual string of discrete alphabetic symbols, and can then be reproduced from
that string by a reader. How we effect the transforms from analog signal to discrete
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message, and back again, and the nature of the percept that mediates these trans-
forms are central problems of speech research.

Notice that without the alphabet as a means of notation, linguistics itself, as a
field of study, would not exist. But the alphabet is not merely a convenient means
of representing language; it is also the primary objective evidence for our intuition
that we speak (and language achieves its productivity) by combining a few dozen
discrete phonetic elements to form an infinite variety of words and sentences.
Thus, the alphabet, recent though it is in human history, is not a secondary, purely
cultural aspect of language. The inventors of the alphabet brought into conscious-
ness previously unexploited segmental properties of speech and language, much
as, say, the inventors of the bicycle discovered previously unexploited cyclic prop-
erties of human locomotion. The biological nature and evolutionary origins of the
discrete phonetic categories represented by the alphabet are among many ques-
tions on which the study of speech perception may throw light.

To perceive speech is not merely to recognize the holistic auditory patterns of
isolated words or phrases, as a bonobo or some other clever animal might do; it is
to parse words from a spoken stream, and segments from a spoken word, at a rate
of several scores of words per minute. Notice that this is not a matter of picking up
information about an objective environment, about banging doors, passing cars, or
even crying infants; it is a matter of hearers recognizing sound patterns coded by
a conspecific speaker into an acoustic signal according to the rules of a natural lan-
guage. Speech perception, unlike general auditory perception, is intrinsically and
ineradicably intersubjective, mediated by the shared code of speaker and hearer.

Curiously, however, the discrete linguistic events that we hear (segments, sylla-
bles, words) cannot be reliably traced in either an oscillogram or a spectrogram. In
a general way, their absence has been understood for many years as due to their
manner of production: extensive temporal and spectral overlap, even across word
boundaries, among the gestures that form neighboring phonetic segments. Yet,
how a hearer separates the more or less continuous flow into discrete elements is
still far from understood. The lack of an adequate perceptual model of the process
may be one reason why automatic speech recognition, despite half a century of
research, is still well below human levels of performance.

The ear’s natural ease with the dynamic spectro-temporal patterns of speech
contrasts with the eye’s difficulties: oscillograms are impossible, spectrograms for-
midably hard, to read — unless one already knows what they say. On the other
hand, the eye’s ease with the static linear string of alphabetic symbols contrasts
with the ear’s difficulties: the ear has limited powers of temporal resolution, and
no one has ever devised an acoustic alphabet more efficient than Morse code, for
which professional rates of perception are less than a tenth of either normal speech
or normal reading. Thus, properties of speech that lend themselves to hearing
(exactly what they are, we still do not know) are obstacles to the eye, while prop-
erties of writing that lend themselves to sight are obstacles to the ear.

Beyond the immediate sensory qualities of speech, a transcript omits much else
that is essential to the full message. Most obvious is prosody, the systematic varia-
tions in pitch, loudness, duration, tempo, and rhythm across words, phrases, and
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sentences that convey a speaker’s intentions, attitudes, and feelings. What a tran-
script leaves out, readers put back in, as best they can. Some readers are so good at
this that they become professional actors.

Certain prosodic qualities may be peculiar to a speaker’s dialect or idiolect, of
which the peculiar segmental properties are also omitted from a standard tran-
script. What role, if any, these and other indexical properties (specifying a speaker’s
sex, age, social status, person, and so on) may play in the perception of linguistic
structure remains to be seen. I note only that, despite their unbounded diversity
within a given language, all dialects and idiolects converge on a single phonology
and writing system. Moreover, and remarkably, all normal speakers of a language
can, in principle if not in fact, understand language through the artificial medium
of print as quickly and efficiently as through the natural medium of speech.

Alphabetic writing and reading have no independent biological base; they are,
at least in origin, parasitic on spoken language. I have dwelt on them here because
the human capacity for literacy throws the biological oddity of speech into relief.
Speech production and perception, writing and reading, form an intricate
biocultural nexus at the heart of modem western culture. Thanks to over 50 years
of research, superbly reviewed in all its diversity in this substantial handbook,
speech perception offers the student and researcher a ready path into this nexus.

Michael Studdert-Kennedy
Haskins Laboratories
New Haven, Connecticut



Preface

The Second Edition of the Handbook of Speech Perception presents a collection of
essays on the research and theory that have guided our understanding of human
speech perception. From their origins in psychoacoustic assessment of phonetics
for telecommunication systems, the concerns of research have broadened with the
growth of cognitive science and neuroscience. Now truly interdisciplinary in span,
studies of speech perception include basic research on the perception of linguistic
form while encompassing investigations of multisensory speech perception,
speech perception with sensory prostheses, speech perception across the life span,
speech perception in neuropathological disorders, as well as the study of the inter-
change of linguistic, paralinguistic, and indexical attributes of speech. Empirical
practice has often turned to speech as a way to assess the potential of a new idea,
making speech perception an intellectual crossroad for the subfields that compose
contemporary behavioral neuroscience. This intellectual and scientific conver-
gence is also reflected in the topics, large and small, that are represented here. The
Second Edition, specifically, showcases new concerns, presents new understanding
of lines of classic investigation, and offers a critical assay of technical and theoret-
ical developments across the field of research.

Editors face many decisions in composing a handbook, one that can be useful
for student and researcher alike. Early in our discussions, we understood that we
would not be creating a comprehensive review of method and theory in research
on speech perception. For one reason, technical methods and technical problems
evolve rapidly as researchers explore one or another opportunity. For another, the
Annual Reviews already exist and can satisfactorily offer a snapshot of a field at a
particular instant. Aiming higher, we asked each of the contributors to articulate a
point of view to introduce the reader to the major issues and findings in the field.
The result is a broad-ranging and authoritative collection of essays offering per-
spectives on exactly the critical questions that are likely to move a rapidly changing
field of research.

The twenty-five chapters are organized into five sections. Each essay provides
an informed and critical exposition of a topic central to understanding, including:
(1) a synthesis of current research and debate; (2) a narrative comprising clear
examples and findings from the research literature and the author’s own research
program; and (3) a forward look toward anticipated developments in the field.
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In Part I, Sensing Speech, four chapters cover a wide range of foundational issues
in the field. Robert Remez discusses the perceptual organization of speech and
how it differs from other auditory signals; Lawrence Rosenblum and Josh Dorsi
present an argument and evidence for the primacy of multimodal speech percep-
tion; Jan Schnupp and Oiwi Parker-Jones describe the representation of speech in
the brain; and Kevin Munhall and colleagues explain the role of perception in
controlling speech production.

In Part II, Perception of Linguistic Properties, eight chapters survey major topics in
human speech perception. Shelia Blumstein describes the role of linguistic features
in speech perception and lexical access; Keith Johnson and Matthias Sjerps discuss
perceptual accommodation of differences between individual talkers; Rajka
Smilianic examines the differences between casual and clear speech; Conor
McLennan and Sara Incera Burkert present a critical appraisal of specificity effects
in spoken word identification; Anne Cutler and Alexandra Jesse discuss the role of
lexical stress in the perception of spoken words; Zinny Bond considers speech mis-
perception in an essay on slips of the ear; Michael Vitevitch and Faisal Aljasser
assess the contribution of phonotactic knowledge to speech perception; and Diana
Van Lancker-Sidtis and Sun-Yeung Yang discuss the implications of the use of for-
mulaic speech.

Part III is devoted to the Perception of Indexical Properties, those aspects of the
speech of individual talkers that make them identifiable. The five chapters in this
section include a discussion of the perception of dialectal variation, by Cynthia
Clopper; the resolution of the spoken signals of individual identity, by Diana Van
Lancker-Sidtis and Romy Zédske; the integration of linguistic and non-linguistic
properties of speech, by Lynne Nygaard and Christina Tzeng; an essay on percep-
tual learning of accented speech, by Tessa Bent and Melissa Baese-Berk; and an
appraisal of the ability of children to notice indexical properties of speech, by
Suzanne Levi.

In Part IV, the handbook considers Speech Perception by Special Listeners. Susan
Nittrouer examines speech perception by children; Mitchell Sommers describes
accounts of audiovisual speech perception in older adults; Cynthia Hunter and
David Pisoni consider speech perception in prelingually deaf children when a
cochlear implant is used; and Emily Myers examines the perception of speech
following focal brain injury.

Part V includes four essays each offering a Theoretical Perspective on a new or
classic concern of the field. Lawrence Raphael provides a detailed retrospective on
the acoustic cues to segmental phonetic perception; Jennifer Pardo and Robert
Remez offer a review of the influential idea that perception of speech relies on the
dynamics of the production of speech; Susan Brady and Axelle Calcus consider the
relation between reading and speech perception; and David Pisoni provides a
review of the emerging field of cognitive audiology.

The scope of the topics encompassed in the Handbook of Speech Perception reflects
the wide-ranging research community that studies speech perception. This
includes neighboring fields: audiology, speech and hearing sciences, behavioral
neuroscience, cognitive science, computer science and electrical engineering,
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linguistics, physiology and biophysics, otology, and experimental psychology. The
chapters are accessible to nonspecialists while also engaging to specialists. While
the Handbook of Speech Perception takes a place among the many excellent companion
volumes in the Wiley Blackwell series on language and linguistics, the collection is
unique in its emphasis on the specific concerns of the perception of spoken
language.

If the advent of a handbook can be viewed as a sign of growth and maturity of
a discipline, the appearance of this Second Edition is evidence of the longevity of
research interest in spoken language. This new edition of the Handbook of Speech
Perception brings the diverse field together for the researcher who, while focusing
on a specific aspect of speech perception, might desire a clearer understanding of
the aims, methods, and prospects for advances across the field. In addition to the
critical survey of developments across a wide range of research on human speech
perception, we also anticipate the Handbook facilitating the development of multi-
disciplinary research on speech perception.

We cannot conclude without acknowledging the many individuals on whose cre-
ativity, knowledge, and cooperation this endeavor depended, namely, the authors
whose essays compose the Handbook of Speech Perception. A venture of this scope
cannot succeed without the conscientious care of a publisher to protect the project,
and we have received the benefit of this attention from many people at Wiley, origi-
nating with Tanya McMullin who was instrumental at the start of the project, Angela
Cohen, Rachel Greenberg, and Clelia Petracca.

With our sincere thanks,
Jennifer S. Pardo
Bedford, New York

Lynne C. Nygaard
Atlanta, Georgia

Robert E. Remez
New York, New York

David B. Pisoni
Bloomington, Indiana
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1 Perceptual Organization
of Speech

ROBERT E. REMEZ

Barnard College, Columbia University, United States

How does a perceiver resolve the linguistic properties of an utterance? This
question has motivated many investigations within the study of speech perception
and a great variety of explanations. In a retrospective summary over 30 years ago,
Klatt (1989) reviewed a large sample of theoretical descriptions of the perceiver’s
ability to project the sensory effects of speech, exhibiting inexhaustible variety, into
a finite and small number of linguistically defined attributes, whether features,
phones, phonemes, syllables, or words. While he noted many distinctions between
the accounts, with few exceptions they exhibited a common feature. Each pre-
sumed that perception begins with a speech signal, well composed and fit to ana-
lyze. This common premise shared by otherwise divergent explanations of
perception obliges the models to admit severe and unintended constraints on their
applicability. To exist within the limits set by this simplifying assumption, the
models apply implicitly to a world in which speech is the only sound; moreover,
only a single talker ever speaks at once. Although this designation is easily met in
laboratory samples, it is safe to say that it is rare in vivo. Moreover, in their exclusive
devotion to the perception of speech the models are tacitly modular (Fodor, 1983),
even those that deny it.

Despite the consequences of this dedication of perceptual models to speech and
speech alone, there has been a plausible and convenient way to persist in invoking
the simplifying assumption. This fundamental premise survives intact if a prelim-
inary process of perceptual organization finds a speech signal, follows its patterned
variation amid the effects of other sound sources, and delivers it whole and ready
to analyze for linguistic properties. The indifference to the conditions imposed by
the common perspective reflects an apparent consensus at the time that the per-
ceptual organization of speech is simple, automatic, and accomplished by generic
means. However, despite the rapidly established perceptual coherence of the
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4 Sensing Speech

constituents of a speech signal, the perceptual organization of speech cannot be
reduced to the available and well-established principles of auditory perceptual
organization.

Perceptual organization and the gestalt legacy

A generic auditory model of organization

The dominant contemporary account of auditory perceptual organization has
been auditory scene analysis (Bregman, 1990). This theory of the resolution of
auditory sensation into streams, each issuing from a distinct source, developed
empirically in the cognitive era, though its intellectual roots run deep. The gestalt
psychologist Wertheimer (1923 /1938) established the basic premises of the account
in a legendary article, the contents of which are roughly known to all students of
introductory psychology. In visible and audible examples, Wertheimer described
the coalescence of elementary figures into groups and contours, arguing that
sensory experience is organized in patterns, and is not registered as a mere spatter
of individual receptor states. By considering a series of hypothetical cases, and
without knowing the sensory physiology that would not be described for decades
(Mountcastle, 1998), he justified organizing principles of similarity, proximity, clo-
sure, symmetry, common fate, continuity, set, and habit. Hindsight suggests that
Wertheimer framed the problem astutely, or so it now seems given our contempo-
rary understanding of the functions of the sensory periphery that integrate the
action of visual and auditory receptors (Hochberg, 1974).

Setting the indefinitely elastic principle of habit aside, the simple gestalt-derived
criteria of grouping are arguably reducible to two functions: (1) to compose an
inventory of sensory elements; and (2) to create contours or groups on the prin-
ciple that like binds to like. Whether groups occur due to the spectral composition
of auditory elements, their common onset or offset, proximity in frequency, sym-
metry of rate of change in an auditory dimension, harmonic relationship, the inter-
polation of brief gaps, and so on, each is readily understood as a case in which
similarity between a set of auditory sensory elements promotes grouping auto-
matically. A group composed according to these functions forms a sensory contour
or perceptual stream. It is a small but necessary extrapolation to assert that an
auditory contour consists of elements originating from a single source of sound,
and therefore that perceptual organization parses sensory experience into
concurrent streams, each issuing from a different sound-producing event (Bregman
& Pinker, 1978).

In a series of ongoing experiments, researchers adopted Wertheimer’s auditory
conjectures, and calibrated the resolution of auditory streams by virtue of the his-
toric principles and their derived corollaries. For example, Bregman and Campbell
(1971) reported that auditory streams formed when a sequence of 100 ms tones
differing in frequency was presented to listeners. According to a procedure that
has become standard, the series of brief tones was presented repetitively to



