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On the relation of speech
to language
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Taking speech in the narrow sense —as the production and
perception of the sounds that convey phonetic structure — one
finds two very different views of its relation to language. The
more conventional holds that speech is merely a vehicle, bear-
ing no organic relationship to the linguistic baggage it carries.
On that view, speech is produced and perceived by processes
that are not specialized for language but rather serve horizon-
eally the broadest possible variety of behaviors, linguistic and
non-linguistic alike, The outcomes of those primary processes
are then presumably sent on to language proper, a separate
domain where they find the mental machinery capable of the
heavy lifting required by phonology, morphology and syntax.
Preferring a name that reflects the nature of a theory rather
than its currency, we will call the conventional view ‘hotizon-
al’ (as in Ref. 1). The other, less conventional view is that the
biological roots of language run deep, penetrating even to
the level of speech and to the primary motor and perceptual
processes that are engaged there. Seen from that perspective,
speech is a constituent of a vertically organized system, spe-
cialized from top to bottom for linguistic communication.
Such a view may be appropriately called ‘vertical’.

To evaluate these strongly contrasting views, we propose
here to determine which of the two provides the more coher-
ent and plausible account when challenged by several simple
and seemingly obvious biological considerations. As we will
try to show, those considerations provide decisive tests of any
theory of speech, yet they do not normally figure in the cal-
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culations of the theorists, nor have they been permitted to ruf-
fle the implicic assumptions that guide (or misguide) almost
all applied language research, including that which is aimed
at determining how to convert fluency in speech to fluency
in the use of its alphabetic transcription. Indeed, bringing
those considerations to notice is one purpose of this paper.
But first, we will give a brief description of the theories.

The horizontal viewpoint

The first assumption of the horizontal view is that the elements .

of speech are sounds. That is not merely to say the obvious,
which is that speech exploits an acoustic medium, but racher
to identify sounds as the primitives that are exchanged when
linguistic communication occurs. The invariant acoustic pat-
terns that mighe justify such an assumption have, indeed, been
claimed for a variety of phonetic segments, including, for ex-
ample, stops?, nasals’, and the voicing contrast of fricatives®.
However, most students of language, and virtually all of those
interested in its many applications, simply take for granted
that sounds are the elements of speech. It is not usual, there-
fore, to find that premise developed or defended explicitly as
a basis of the horizontal theory, though it is that. And if few
bother to dismiss imaginable alternatives, it is, apparently,
because alternatives do not spring readily to mind.

As for what should be the second assumption, the one
that would concern the articulatory gestures thac produce the
elemental sounds, there is, again, little in the way of explicit
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conceprual development or consideration of reasonable alter-
natives, Conspicuously absent, at all events, is the idea - im-
portant for the purposes of this review — that those gestures
might be specialized for language. One is left to infer, then,
that they are not, that their biology is no more distinctly lin-
guistic than that which underlies the motor processes that
curl the toes or twiddle the thumbs. Perhaps the most ex-
plicic statement of this view is that of the linguist Bjorn
Lindblom who has written:

Speakers adaptively tune phonetic gestures to the various
needs of speaking situations, and languages make their selec-
tion of phonetic gesture inventories under the strong influ-
ence of motor and perceptual constraines that are language
independent and in no way special to speech. (Ref. 5, p. 7)

In further dismissing the possibility that speech produc-
tion is a specialized adapration, Lindblom asks why, if this
is 50, do ‘inventories of vowels and consonants nevertheless
show evidence of being optimized with respect to motoric and
perceptual limitations that must be regarded as biologically
general and not at all special to speaking and listening.” (p. 7.)

Unlike Lindblom, most horizontalists give speech pro-
duction short shrift, assigning to it a secondary role in which
its chief function is simply to articulate those sounds that
fit comfortably the language-independent properties of the
car®™. Consistent with that view is the particularly close at-
tention that horizontalists pay to the processes of perception
that speech production must serve.

Accordingly, the third assumption — the one that is made
most explicitly by all the horizontalists and that has, therefore,
provided the occasion for a lively clash of experiments for and
against the horizontal and vertical views ~ is that perception
of speech is like the perception of all sounds™!. On that as-
sumption, there s at the level of primary perception, as at
the corresponding level of production, no specialization for
language. Rather, phonetic perception is presumably accom-
plished by the standard all-purpose equipment of the auditory
system. The result is that the primary representation of the
listener is composed of non-linguistic auditory primitives
and the patterns they form. One looks, then, to the language-
independent auditory system to meet such particular per-
ceptual requirements (for example, the categorical perception
of phonetic elements) as the demands of phonetic communi-
cation impose. As for the development of speech in the bio-
logical world, it is as though evolution had simply appro-
priated certain properties of the ear that happened to lie
convenientdly to hand, selecting those that could most effect-
ively be made to serve the novel function of communication
by phonetic means. It should be emphasized at this point
that the concern of this essay is only with the production and
perception of phonetic structure, for there can surely be no
argument about the purely auditory (hence horizontal) nature
of such paralinguistic aspects of the signal as the register,
loudness and timbre of the speaker’s voice.

A fourth assumption is, or is not, necessaty, depending on
what the horizontalist assumes about the biology of those
grammatical processes that lie beyond speech, and are there-
fore regarded by almost everybody as deserving of the name
‘language’. Thus, some who prefer a horizontal view of speech
elect an equally horizontal view of language'>", holding

that the general motor and audirory representations of speech
are passed on without change to correspondingly general
processes of the cognitive machinery, the latter having been
bene by intelleccual exertions of one kind ot another to the
grammatical functions appropriate (but presumably not
unique) to language. On that view, the three assumptions
identified above would suffice. However, most horizontalists
assume, at least tacitly, that language occupies a specialized
domain and therefore accepr the need to translate the lin-
guistically undistinguished results of the primary processes
into that domain. For that purpose, they must look to a sec-
ond stage, beyond primary action and perception, where the
secular motor and auditory results of the carly processing
are, by some necessarily cognitive translation, invested with
phonetic privileges and so made usable by the special processes
of language. That translation is variously accomplished by
matching the primary auditory petcept to phonetic tem-
plates™'$¥, by associating it with the abstract ‘distinctive fea-
tures’ so familiar to linguists®®, or, as we are left to infer by
some treatments, simply by giving it a phonetic name'?, For
the purposes of this review, these are distinctions without a
difference; in assuming the need for translation to linguistic
status, however done, the horizontalist accepts that language
is a specialization, while at the same time denying that speech
is part of it.

The vertical alternative

The first assumption of the vertical view is that the phonetic
clements of speech, the true primitives that underlie linguistic
communication, are not sounds but rather the articulatory
gestures that generate those sounds®-», Those units, which
serve as the primary representations of speaker and listener
alike, are presumed to be something like the coordinative
structures that Turvey and others have assumed??, As ex-
pressed in the peripheral structures, the gestures are changes
in the cavities of the vocal tract — openings or closings,
widenings or narrowings, lengthenings or shortenings. It is
supposed on the vertical view that the processes underlying the
gestures evolved with language, specifically in the service of a
linguistic function; hence, the gestures are phonetic a# initio,
requiting no cognirive translation to make them so*. Coinci-
dent with the evolution of the phonetic mechanisms was
what Studdert-Kennedy has called the ‘particulation’ of the
vocal tract® — that is, the division of vocal-tract action into
independentdy controllable components (the lips, the blade,
body and root of the rongue, the velum, and the larynx). That
particulation, which is unique to our species, opened the way
for the selection of gestures that could be overlapped, inter-
leaved, and merged — that is, co-articulated. The biological
payoft was fast phonetic action from relatively sluggish or-
gans?. There was also in evolution a descent of the larynx,
creating a more spacious pharyngeal cavity and the possibility
for a larger inventory of vowels®!.

The gestures are combined in various ways to form the
phonetic segments, as if the gestures were the atoms of lan-
guage and the segments its molecules. The function of the
segments is presurmably to provide the sharp boundaries thac
words must have in the lexicon, boundaries that are com-
monly lacking in fluent speech, where co-articulation across
words is common. The subsegmental gestures are nonetheless
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important, however, because they increase the possibilidies for
co-articulation beyond what could be done with discrete seg-
ments. For the particular purposes of this paper, the difference
between segment and gesture is of no grear importance, so
for convenience, in what follows we will not distinguish
them. At any event, we will not try to explain what we do not
yet understand, which is how the one is gathered up so as to
form the other.

The second assumption is that the articulation and co-
articulation of the gestures is controlled by a species-specific
specialization for language — a phonetic module®323, The
inventory of specialized phonetic gestures it controls is se-
verely limited, both in the style of movement of the gesture
(manner of production) and the surface of the vocal tract that
is the target (place of articulation). As already implied, those
restricted gestures form a natural class, specifically phoneric in
nature, that stands apart from the non-phonetic movements
(e.g. chewing, swallowing, moving food around in the mouth)
made by the same organs. A critical function of the phonetic
module is to take advantage of the particulated vocal tract so
as to produce a great deal of overlapping, interleaving and
merging of the gestures, while precluding those temporal re-
lationships among the gestures that would cause the acoustic
consequences of the one or the other to be obscured™,

The third assumption, which is about perception of the
elemental gestures, takes account of the fact that co-articu-
lation creates a complex relationship between the acoustic
signal and the phonetic structure it conveys: as is well known,
there is a lot of context-conditioned variation in the acoustic
information for any phonetic segment, as well as a lack of
correspondence in segmentation between acoustic signal and
phonetic structure. Unraveling that complex relationship
between signal and message is the business of the same pho-
netic module that produced it, for that module incorporates
the constraints necessary to process the signal so as to recover
the very gestures that were, by their co-articulation, respon-
sible for its apparent complications?'-%, (As indicated at the
beginning of this section, Fowler>¥+ holds with the verti-
calists that the elements of speech are gestures, but she takes
their perception to be instances of what all proper perceptual
systems do; that is, to perceive the distal object or event. No
specialization for speech perception is necessary.) The result is
that the listener effordessly perceives the gestures the speaker
produced, not because the process is simple, but because the
phonetic module is so well adapted to its complex task.

The biological considerations
How do speakers and listeners know what counts; how are
they able to communicarte in the same code; and how did
production and perception develop together in evolution?
Among the requirements that are imposed on all natural
forms of communication, whether linguistic or not, there is
one that is, at once, the most obvious and most important, yet,
except for a particularly insightful treatment by Rizzolatti and
Arbib?, it has escaped the notice of theorists. On the assump-
tion that a thing is more likely to be noticed if it has a name,
Mattingly and Liberman?® have called it the requirement for
*parity’, and have suggested that it has three facets.

The simplest facet applies even to one-way communi-
cation between speaker and listener. There, in what is the

Trends in Cognitive Sciences - Vol. 4, No. 5,

least constraining exchange, communication can succeed
only if the two parties have a common understanding about
what counts — what counts for the speaker must count for
the listener. Thus, boch must recognize, cither perceptually
or cognitively, thar /ba/ counts but a sniff does not. The
obvious problem for the horizontal theory is'that it provides
nio basis for such common recognition at a perceprual level.
Because /ba/ and the sniff both elicit auditory percepts, the
difference is just that one is phorietically significant, the
other not. Bur that difference can be appreciated only ac
some cognitive remove, for it is only there that it can be dis-
covered whether or not the auditory percepr is connected to
a phonetic unit. The horizontalist should wonder, then, how
the phonetic unit evolved independently of its manifestation
in action or perception, how one set of percepts rather than
some other was crowned with phonetic significance, and
how it was determined which auditory percepts were 1o wear
which phonetic crowns. Because the horizontalists have not
been concerned to raise the question, one is left to infer the
wholly implausible answer thar might reasonably follow
from their assumptions: that parity must have been estab-
lished by deliberate agreement among our earliest-speaking
ancestors, as if the units of speech were not products of
nature, bue artifacts, just like the letters of the alphabet.

Seen vertically, however, the speaker produces gestures
thar are managed by machinery that evolved in connection
with a specifically communicative (linguistic) function, from
which it follows, as we proposed earlier, that the gestures are
phonetic by their very nature. We also proposed that they are
recovered from the acoustic signal by the phonetic component
of the larger specialization for language. Hence, their percep-
tion as phonetic elements is immediate and distinct, leaving
the listener in no doubt thar they count for linguistic pur-
poses. There is no need for an appeal to cognitive connections
between an initial auditory representation and some more
abstract phonetic unit to which it is somehow linked, because,
as should be said again, the initial representation is already
phonetic.

To see the phonetic module even more clearly as a com-
ponent of the larger language module, a theorist does well to
note how far its processes resemble those of syntax. Consider,
then, how the phonetic module presumably goes about
deciding that some signal does or does not contain infor--
mation about phonetic structures. The important point is
that it can hatdly do that by reference to the surface proper-
ties of the acoustic signal, as might be seen most readily in the
case of sine-wave speech. There, the formants and the band-
limited noises (of the fricatives) are replaced by sinusoids
thar follow the centers of the formants and the noises. Those
sinusoids have no common fundamental, no common move-
ment, not indeed, any acoustic property that would make
them coherent from an auditory standpoint. Yet, if they
describe phonetically telling trajectories of the articulators,
listeners hear phonetic structures®*, Thus, the only basis
for perceptual coherence is at the same time gestural and
phonetic. That being so, we should not expect to identify
surface acoustic characteristics that will reliably distinguish
three sine waves thar cause the listener to perceive phonetic
structures from three acoustically similar sine waves that
will be heard as unrelated tones. In that respect, phonetic
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perception is like perception of syntax. As Mactingly and
Liberman have put it:

[T}he signal is speech if and only if the pactern of phoneti-
cally significant articulatory gestures that must have pro-
duced it can be reconstructed. We call this property ‘genera-
tive detection’, having in mind the analogous situation
in the domain of sentence processing. There, superficial
features cannot distinguish grammatical sentences from
ungrammatical ones. The only way to determine the
grammaticality of a sentence is to parse it ~ that is, to try to
regenerate the syntactic structure intended by the speaker.
(Ref. 38, p. 785)

Surely it is appropriate, if speech is a component of the
larger specialization for language, that its perception should
rely on the same kind of synthetic processing that character-
izes syntax. It is equally appropriate that the gestures should
have evolved with language in the service of an exclusively
phonetic function, and that they are, therefore, like syntactic
steuctures, linguistic by their very nature.

The second facet of the parity requirement applies to
two-way communication ~ that is, communication in which
speaker and listener exchange roles. In this case, it is essential
that the phonetic representation in the brain of the one party
be replicated in the brain of the other; otherwise they cannot
communicate in the same code. But on the horizontal view,
the primary representation of the one party is, at any given
moment, purely motor, whereas the representation of the
other is purely auditory. Those representations are in no way
alike, except that neither has anything to do with language.
Where, then, do the parties find the common ground on
which they must stand, and what reserves that ground exclu-
sively for events that have communicative significance? We
suppose the horizontalist would say that the very dissimilar
motor and perceptual representacions are connected to the
same phonetic unit. But that runs foul of the troubling
questions, raised earlier, about the nature and origin of such
a phonetic unit and the process by which certain motor and
auditory representations are selected for connection to it.
The vertical view, alternatively, permits us to see that the
parties conduct their business in the common cutrency of
phonetic gestures: the gesture that is the unit of production
for the speaker is the unit of perception for the listener. There
is no need for either to refer grossly dissimilar motor and
auditory representations to phonetic units to which they bear
a relationship that is, from any point of view, wholly arbitrary.

The third facet of the parity requirement takes into ac-
count that the biological development of speech required a
process of co-evolution. That is, production and perception
must have marched through evolutionary development in
perfect step, or élse the system would have ground to a halt.
Unfortunately, we suggest, for the plausibility of the hori-
zontal view, its proponents maintain quite firmly that che
motor and perceptual representations of speech are distinctdly
different, that such connections as exist between them were
established in the experience of speaker/listeners as they per-
ceived the auditory consequences of their own articulatory
maneuvers. But connections that depend on learned associ-
ations of that kind do not become part of what is handed
down in evolution. How, then, can the horizontalist view

account for the fact that the production and perception of
speech did co-evolve? A plausible account is, yet again, readily
available on the vertical view, because it holds that the pri-
mary representations of speaker and listener are exacdy the
same; accordingly, a change in one is inevirably mirrored by
the same change in the other.

What is biologically unique about speech?
Speech is not only a producr of evolution, but also species-
specific. Not that speech is biologically unique in that respect,
for surely each species is endowed for the purpose of com-
munication with its own specialization, a specialization that
provides, among other things, a basis for the parity that all
communication systems must have. Each such specialization
exploits some very specific variety of signal patterns in one
or mote possible media. Thus, some creatures use acoustical
signals, some optical, some mechanical, some chemical, and
electric fish do it electrically. But whatever the signal pattern
or medium, all the non-human systems have a critically im-
poreant property in common: every signal is meaningful, and
signals are never rearranged to convey new meanings. So,
short of waiting for evolution to provide a new signal-
meaning pair, there is no way non-human animals can ever
say anything new. Their communication systems are closed.
Language is different in a profoundly important way, for
language is open or generative, capable in principle of en-
coding an infinite number of meanings. One necessary com-
ponent for generativity is that the sign hold an arbitrary re-
lationship to the thing signified*'4%, An even more imporwant
difference between language and other natural forms of com-
munication arose when evolution for the first time divorced
the form of the signal from semantic function® 444, That is,
through evolution, signals were created having a distinctly
communicative cast, as had happened for other species, buc
now without meanings assigned to them. That novel evolu-
tionary step opened the way for speech to follow the combi-
natorial strategy, or what Abler has called the ‘particulate
principle of self-organizing systems™. In all particulace sys-
tems, as Studdert-Kennedy has characterized them®, a few
discrete units are variously combined and permuted to form
larger units that stand higher in a hierarchy and have proper-
ties different from those of the underlying consticuents. That
principle is at work in chemical compounding, in generics,
and in language, serving in all three domains to achieve in-
finite ends with finite means. Thus, in speech, a few meaning-
less segments are variously combined and permuted to form
an indefinitely large and expandable vocabulary of mean-
ingful words, which, in turn, provides the necessary base for
the further application of the principle to the formation of
propositions through the combinatorial processes of syntax.

Implications of the particulate principle

The particulate principle imposes several requirements on
speech, two of which are of particular concern for the evalu-
ation of the horizontal and vertical points of view. The more
obvious requirement is that the particles be commutable,
which is o say that, as produced and perceived, they musc be
discrete, invariant and categorical. That is an absolute require-
ment, which cannot be compromised in any way. The other
requirement has to do with rate: given the characteristics of
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the vocal tract and the ear, the particles must be laid down in
strings, and given the limitations of the vocal tract, the num-
ber of particles must be small. A consequence is that the
strings will eypically run to considerable lengths. It is essen-
tial, thesefore, that the particles be produced and perceived
rather rapidly if they are to be organized into the larger units
of the language hierarchy. In fact, the consonants and vowels
that are formed by the particles are delivered in speech ar
about 10 or 12 per second on average, and for short stretches
the rate rises even higher*s.

How do discrete, invariant and categorical elements meet
the rate requirement? Consider now that if the elements of
speech were sounds, as the horizontal view has it, then the
particulate nature of speech would necessarily be manifest ac
the acoustic surface. In that case, speech would be an acoustic
alphabet. But speech cannot be an acoustic alphabert, for if it
were, we could speak only as fast as we can speil. Perception
would be similacly limited, as it would require listening to
spelled speech. No one should have been surprised, then, to
discover, as Cyril Harris did many years ago¥, that a tape
recording of speech cannot be broken up into phoneme-size
segments and then rearranged to yield an intelligible per-
mutacion. Neither should anyone have been surprised to
learn from the very carly research on speech that itis, in fact,
not an acoustic alphabet but something more like what the
vertical view takes it to be. On the vertical view, the particu-
late (hence alphabetic) nature of speech is represented by the
elemental gestures, which are, as they must be, discrete, in-
variant and categorical. They are produced and perceived as
rapidly as language requires because they are co-articulated,
which preserves their commutability at the level of the gestures
but not in the acoustic signal.

How is perceprual form fit to phonetic function?

That speech is normally co-articulated is established beyond
dispute, as are many of the consequences for the acoustic sig-
nal. Indeed, chat part of the vertical view is so widely accepted
that it can hardly be regarded as unconventional. What is just
as widely rejected, however, is the essential vertical premise
that the elements of speech are phonetically significant ges-
tures, not sounds. The corollary of that premise, also expli-
citly rejected, is that a specialization for language processes the
acoustic signal and yields a primary percept that is distinctly
phonetic, not auditory. It is around that issue — of whether
the primary processes of speech perception are generally au-
ditory or specifically phonetic — that many dozens of experi-
ments have revolved. Indeed, there are so many particular
experiments and so many correspondingly particular resules
that favor one answer or the other, that it becomes very hard,
and ultimately futile, perhaps, to seek a final score that iden-
tifies a winner (see also Ref. 48). What can be done more
profitably, we suggest, is to take a broader view and thereby
see in the light of some generally agreed characteristics of
speech which theory appears the more plausible.

Evaluating the theories

Consider, first, the widely accepted consequence of co-
articulation, which is that information for a phonetic segment
is typically overlapped with information for other segments in
the string and distributed over a relatively large span of the

signal. Thus, for example, information for the stop consonant
Ipl in the syllable /spi/ is in the spectral shaping of the fricative
noise (it would be shaped differently for /stif); in the silent
interval that separates the fricative noise from the vocalic
part of the syllable (that would be differenc for /5if); in the
formant transicions at the starc of the vocalic section that
also provide information about the vowel (they would be
different for /spa/); and in the vowel itself (the shaping of
the fricative noise and the formant transitions would be dif-
ferenc for /spu/) (Refs 49-51). In that example, the infor-
mation for the second segment in a syllable that comprises
three segments is spread from the beginning of the syllable
to its end. Or take the case of a syllable like /bag/. When pro-
nounced rapidly, but nonetheless clearly, the information
for the vowel will probably extend through the entire syllable,
overlapping grossly with both the initial and final consonants,
That the information for a vowel positioned between two con-
sonants can extend through the entire syllable is shown most
dramatically, perhaps, in the case of the ‘silent center’ vowels,
In thar paradigm, the experimenter removes from the acoustic
signal everything except the consonant—vowel transitions that
occupy only the initial and final 50 ms (Refs 52-54). Even
with this drastically altered, unnatural-sounding syllable, the
vowel is correctly identified. Those brief pieces of sound con-
vey information sufficient for the identification of all the
segments in the syllable. Is it plausible, then, to imagine an
auditory system that might have evolved, independently of
language, to do what phonetic perception does in those cases;
that is, to segment into discrete percepts a signal in which in-
formation for each of the unit percepts is grossly overlapped
with information for the others, or (as in the case of /spi/) to
integrate into a single perceptual unit (/p/) information that
is spread across the adjoining units? What could possibly have
selected for such auditory characteristics?

We suggest that they did not evolve in the auditory sys-
tem just in case of the possibility that specch would come
along and find them useful. And would they not have been
dysfunctional for non-speech perception, causing continu-
ously variable acoustic signals that reflect continuously vary-
ing events to be divided, perceprually, into discrete and dis-
connected units that would in no way reflect the physical
reality? Or, in other cases, to integrate into a unitary percept

information relevant to distinct and successive physical events? -

On the vertical view, however, it is possible to see thac all of
the aforementioned effects of phonetic perception are what
one would expect if it is the gesture that is produced and
perceived. For then, in the case of /spi/, the broadly spread
acoustic cues are the common products of the same gestural
segment; in the case of /bag/ there are three discrete but over-
lapped gestures; and in the case of the ‘silent center’ vowels,
information about the vowel gesture is spread throughout the
syllable, just as it is in /bag/. Thus, the phonetic specialization
processes the gestures chat are appropriate for language with-
out in any way interfering with the ability of the auditory
system to offer a veridical representation of the acoustic
world.

It is also widely accepted that the phonetic segments ~
most obviously the consonants — tend to be perceived cat-
egorically, and, further, that the categorical perception of each
segment is invarianc across all the condirtions that cause the
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acoustic signal to vary. The consistent finding about cat-
egorical perception is that, given stimuli that are adjacent on
some acoustic continuum between two consonants, there is
an increase in discriminability at the phonetic boundary.
That increase establishes two categories, one on either side of
the perceptual discontinuity that the increased discriminabil-
ity reflects. (The increase in discriminability is normally not
50 grea as to indicate that listeners can discriminate only as
well as they can identify, which would be the case if perception
were perfectly categorical. Bur the shortfall may be a conse-

quence of the limitations of acoustic synthesis. As it is used in
experiments, such synthesis typically changes only one of the
relevant acoustic cues, causing the percepe to depart pro-

gressively from its proper phonetic form and to be perceived

therefore as having more and more of a non-phoneric cast;

a resule of chis is that discrimination of a purely auditory
kind creeps in. A remedy does not come easily, not only be-

cause there is presently available no articulatory synthesizer

that would change all the acoustic cues appropriately, bur,

more importantly, because the articulatory routes from one

consonant to another are not continuous. That is to say that

production is no less categorical than perception, which is,

of course, precisely the point.)

On the horizontal view, there have been two very differ-
ent explanations of categorical perception. One is that “cat-
egoricalness’ is a consequence of the cognitive component of
the two-stage process that the horizontalists must assume if
their primary non-linguistic auditory percepts are to be given
phonetic status. Thus, several investigators have assumed
that the listener attaches a phonetic label before the echo of
the primary auditory percepts has faded'®2%%57, It is, there-
fore, the label, not the primary percept, that is categorical.
However, as in all other attempts to reconcile a horizontal
view with the requirement of parity, there is no basis for
understanding, even in the most general terms, where the
phonetic labels come from, or how it is decided which fabels
go with which auditory percepts.

The more common explanation of categorical perception
is that the discontinuity is a property of the auditory system.
To evaluate that explanation, it is relevant first to reflect on the
widely recognized fact that the acoustic boundaries between
segments are not fixed. Even if we accept that some aspects
of the acoustic signal are invariant for consonants, there re-
main the formant transitions — sufficient cues for most stop-
consonant perception - which invariably change with pho-
netic context®®. The transitions also move as a function of
position in the syllable, most dramatically when, as cues for
initial and final consonants, they are mirror images™. Lexical
stress and rate of articulation affect the phonetic boundaries
for the voicing distinction®2. Further, it is also surely rel-
evant that, although the acoustically defined dimensions might
be the same across many languages, the placement of the
phonetic boundaries varies®*. Given these variations in the
salient acoustic cues, the number of category-determining
discontinuities in the auditory system is beyond enumerating.
One wonders, then, what would have selected for those nu-

mierous auditory discontinuities? Again, it was surely not in
anticipation of their usefulness for a behavior ~ speech —
which had yet to appear on the biological scene. In any case,
would not those auditory categories be seriously maladaptive,
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grossly discorting physical reality by causing perception of
continuous non-speech acoustic events to appear discontinu-
ous? And is it not implausible to suppose that speakers are
able to manage their limited articulatory possibilities so as
to make the acoustic result conform to the many categories
defined by those highly variable discontinuities? On the ver-
tical view, by contrast, one sees that the perceprual bound-
aries are exactly where the conveniences of articulation and
co-articulation put them, not where the properties of the
auditory system would have set them down.

The horizontal view also appears the more implausible
when one considers that phoneric boundaries are typically
marked not by one acoustic cue but by several. For example,
the differences among the voiced stops are signaled by the
second-formant transition, but also by the third, and there
is no way a speaker can control these independendy®. If the
speaker has managed her articulations so as to produce sig-
nals appropriate to the second-formant boundary, what is the
probability that the acoustic result would happen to be appro-
priate also for the third-formant boundary, and, moreover,
thar this happy but highly improbable coincidence would
occur for all phonetic segments, for all contexts, and for all
positions in the syllable?

Still another difficuley for the horizontal view arises from
the fact thar there is, within limits, perceptual equivalence
among the several acoustic cues for each category, no mateer
how acoustically diverse they may be. Thus, the difference
between /slit/ and /split/ can be cued by varying either the
silent interval following the fricative noise or the starting
points of the formant transitions. Experiments have shown
that exactly the same perceptual effect is produced by either
of these manipulations — that is, listeners cannot tell whether
the phonetic difference was produced by varying the silence
or the first-formant transition®*, There is a strong presump-
tion that a similar equivalence holds for all such cases — that
is, whenever there are several acoustic cues for the same seg-
ment, which is virtually always. How plausible is it, then, to
suppose that the auditory system evolved so as to provide
the perceptual equivalences of those numerous and acousti-
cally disparate cues? The patently maladaptive consequence
would be that many very different acoustic signals repre-
senting different events in the non-speech world could not
be discriminated. The vertical view has no problem with the
aforementioned facts, for the acoustic cues, no matter how
numerous or disparate, are perceptually equivalent and there-
fore appropriate to the same phonetic segment because they
reflect the same phonetic gesture.

Speech versus reading and writing

How do we account for the biological gulf that separates
speech from the reading and writing of its alphabetic tran-
scription? The preliterate child is a prodigy of phonologic
development. Commanding thousands of words, he readily
produces their phonologic structures when speaking, and just
as readily parses them when listening. Thus, he exploits the
particulate principle quite naturally, without its ever having
been taught to him, and without his having to be aware of
the principle or of the remarkable ability it makes available
to him. For the skillful use of that principle in speech, it is
enough to be a normal member of the human race and ro
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have been exposed to a mother tongue. By contrast, applying
the particulate principle to the task of reading and writing is
not an automatic outgrowth of the nawral capacity for lan-
guage but an achievement of a distinctly intellectual kind. To
understand the reading process, one would think it critica,
therefore, to know exactly where the biological difference lies.
Yer, in all the vast literature on reading, that question is never
answered or even asked (but see Refs 69,70), cerrainly not
by that overwhelming majority of researchers who explicicly
or tacitly accept a horizontal view. A likely reason for this
serious omission is thar, given the horizontal assumption,
no reasonable explanation is possible. Consider that, on any
view, the relationship between the alphabet and speech is
entirely arbitrary: the visual percepts evoked by the alpha-
betic characters are of no use until they have been translaced
into the linguistic units they symbolize. Accordingly, reading
is always a translation, and wranslation is, by its nature, effort-
ful and deliberate. But on the horizontal view, the same re-
quirement is imposed on speech. As we saw earlier, on that
view, the sounds of speech are thought to evoke auditory
percepts which, like the initial visual percepts of the reader,
become linguistically useful only after translation into the
phonetic segments they happen to convey. Indeed, one mighe
expect from the horizontal view that reading and writing
would be easier than speech. After all, the alphabetic charac-
ters are clearer signals than the sounds of speech; the hand
and fingers are more versatile effectors than the tongue; and
the eyes are more accommodating receptors than the ears.

Even so, putting aside the notion that speech should be
harder if one accepts the horizontal view, one must wonder
why reading s, at least, not equally easy. Why does mastery of
speech not fully prepare the speaker or listener for the seem-
ingly trivial task of substituting the letters of the alphabet
for che sounds of speech? An important and proper answer
was provided by LY. Liberman and Shankweiler”!, who
brought to notice that, contrary to what the horizontalist
must suppose, the letters of the alphabet do not correspond
to sounds but to the underlying, co-articulated gestures, for
those are the true phonemic constituents. Unfortunarely for
the would-be reader, they are less readily available to con-
sciousness. The research that was stimulated by that appli-
cation of the vertical view revealed that pre-literate children
typically do, in fact, lack awareness of phonemic structure
and, consequently, find themselves unable to fathom and
properly use an alphabetic transcription’. Thus began the
investigations into phonemic awareness that have proved so
fruitful for an understanding of how children réad and why
some cannot’>7%,

Ac chis later stage in the development of the vertical view,
we see yet another reason why pre-literate children lack
phonemic awareness. For we now more clearly understand
that the primary motor and perceptual representations are al-
ready phonetic, requiring no translation from some generally
motor or auditoty form. Those representations are therefore
immediately in the language domain, hence perfecty suited
for further processing by the other components of the larger
specialization for language. Requiring no attention to be spent
on translation, the primary representations receive none. To
develop the phonemic awareness that reading and writing
call for, the child must therefore learn to put his atcention

where it has never had to be. Indeed, he must overcome a
previously appropriate habit of overlooking the meaningless
phonemes in favor of the meaningful morphemes and
words’7®,

As for why phonemic awareness is not necessary for
speech, we need only suppose, as is consistent with the ver-
tical view, that the speaker thinks of the word, which is pre-
sumably in the lexicon as a phonemic structure, and then
leaves it to the phonetic module to select and coordinate the
distinctly phonetic gestures. However, when the speaker
undertakes to write a word, the phonetic module is struck
dumb, leaving the speaker to rely, if he can, on his conscious
awareness of the phonemic structure of the word he would
write. As for the listener, he relies on that same phonetic
module to process the sounds and represent, without audi-
tory mediation, the phonemic structures that identify the
words. All this is to say simply that speech does not require
phonemic awareness for the same reason that it does not
produce it.

How special is speech?
The claim from the verrical standpoinc that speech in the
narrow sense is a specialization has seemed to some to call for
the application of Occam’s razor. Why have a special system
when something more general mighe do™? The answer is
that a more general process will nor do. At the very least, there
must be parity, which requires that signals with communi-
cative significance belong to a special mode, as it were, where
they are clearly marked for their distinct communicative
function. That requirement applies to all animal communi-
cation, not just to the one we humans enjoy. Would we,
then, dare assume about a non-human creature that it per-
ceives communicative signals exacely as it perceives all others,
recognizing their special significance only by some secondary
cognitive process similar to that which the horizontalist as-
sumption attribures to human speech perception? Presumably
not. So, in assuming a cognitive translation for speech, the
horizontalist puts humans at odds with the biology of com-
munication as ic is evident in all other species. Which way,
then, do we want Occam’s razor to cut?

To see how speech perception can be put in a class of per-
ceptual specializations, and so made to appear less exceptional

from a biological point of view, we should first take note of

one of its most apparent but least remarked characteristics,
which Is that phonetic units do not have an end organ of
their own. Accepting Berkeley's explicit treatment of the mat-
ter in his ‘New Theory of Vision™, many psychologists assume
that a primary percept is evoked only by an appropriate end
organ. It follows that a phonetic representation must be a
translation from the ordinary auditory primitives that own
the ear as their end organ, and presumably stand, therefore, as
the only primary percepts that can be evoked by the acoustic
signals to which the ear responds. However, there are other
percepts that are primary, yet, like speech, have no end otgan,
and hence no labeled line to peripheral equipment that is
dedicated to their needs. The most relevant, perhaps, is sound
localization. There, the acoustic cues are interaural differences
of time and intensity, but nobody takes those differences to
be the primary percepts that are then cognitively translated
into focation. Rather, it is understood that thete is a system
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specialized to process the interaural cues and represent them
immediately as location. Visual perception of depth presents
asimilar case in that information about binocular disparity is
processed by a system specialized to represent it immediately
as depth.

These systems all depend on what Konishi has called a
‘central synthesis’™. As Mattingly and Liberman have put ic®,
such systems are ‘heteromorphic’, in thac the percept is in-
commensurate with the stimuli, but only when the stimuli
conform reasonably to the ecological circumstances for which
the perceptual system is specifically adapted; otherwise, they
assume a ‘homomorphic’ form. Thus, except when the inter-
aural time and intensity differences far exceed what is eco-
logically possible, the stimuli for sound localization are not
heard homomorphically as sounds that arrive at the ears at
different times or wich different intensities, but heteromor-
phically, as location in azimuth. Stereopsis presents a similar
case: except when the binocular disparity is far beyond normal
limits, the stimuli for visual depth are not perceived homo-
morphically as disparate images but heteromorphically as
phenomenal depch. For speech, the stimulus is an ensemble
of several resonances that change their spectral positions more
or less concinuously, yet, except when those changes do not
reflect the trajectories of phonetically significant gestures,
they are not perceived homomorphically as continuously
changing timbres, but heteromorphically as a string of discrete
and categorical segments.

The heteromorphic specializations have several charac-
teristics in common with phonetic perception. One is a plas-
ticity that allows them to be calibrated by the environment.
Thus, the specialization for stereopsis, depending as it does on
binocular disparity, must be recalibrated as the child’s head
grows and the distance between the eyes increases. Much
the same must happen in the case of sound localization, as
growth causes a change in the distance between the ears and
therefore in the interaural time difference. Such calibration
represents a kind of learning. It is not the kind of learning
that psychologists commonly study, which is unfortunate for
our purposes, because it is the kind that occurs also in speech.
For in speech, as in the other cases, the specialization is cali-
brated by the environment. The necessary and sufficient
condition for appropriate phonetic calibration is simply ex-
posure to the right environment; the required perceptual
‘learning’ is effortless and, for neurologically normal children,
inevitable.

Speech perception also shares with the heteromorphic
specializations an elasticity that allows them to respond in
their usual way to stimuli that are, within limits, ecologically
impossible. Thus, viewers will perceive depth even when the
binocular disparity is made to correspond to a greater inter-
ocular difference than a real head could ever provide. Beyond
a cerrain disparity, however, the limit of elasticity is reached,
and the viewer perceives not only heteromorphic depth but
also homomorphic double vision (diplopia). With further de-
partures from what is ecologically possible, depth perception
ceases entirely, leaving only the homomorphic (diplopic) rep-
resentation™, Phonetic perception has been shown experi-
menally to behave in a strikingly similar way*##, Ecologi-
cally impossible speech-like stimuli were created by dividing
the signal into two parts that could not have come from the

same source. One part presented as sinusoids the cues critic-
al for the distinction between two consonants. These were
connected to an acoustic base that conformed to the normal
resonances of speech. In isolation, the sinusoids sounded
like non-speech whistles that differed in pitch. The base was
perceived as a consonant-vowel syllable, but in the absence
of the critical cues, the consonant was ambiguous. To conerol
the evidence for two independent sources, and thus for eco-
logical plausibility, the experimenters varied the intensity of
the sinusoids, while holding the intensity of the base con-
stant™, When the intensity of the sinusoids was very low, the
elasticity of the module enabled it to accommodate them,
with the result that the signals engaged the phonetic system
and caused listeners to perceive the heteromorphic consonans
correctly. But at those levels, the whistles that the sinusoids
produced in isolation were identified at a chance level; indeed,
they were not even heard.

It is noteworthy that an analogous result has been ob-
tained by Eimas and Miller® with two- to four-month-old
infants. One supposes about both cases that the phoneric
percepts could hardly have been a translation from audicory
percepts, because the auditory percepts had not yet become
identifiable. Further increases in the intensity of the sinusoids
in the experiment by Xu e 2L* strained the elasticity of the
phonetic module, causing the listeners to hear simultaneously
(and correctly) both the consonants and the whisdes, That is,
exactly the same acoustic signal produced in the same brain,
at the same time, two very different perceprs, one distincdy
phonetic, the other not. Finally, at still higher intensiries,
where the elasticity of the module could no lenger accom-
modate the strong evidence for two sources, the sinasoids
no longer engaged the phonetic system, producing only the
homomorphic whistles and the ambiguous syllabic base.

That kind of experiment not only relates phonetic per-
ception to stereopsis, another perceptual specialization that
lacks an end organ and produces a heteromorphic percepr,
but also shows quite directly that the primary perceptual re-
sponse to speech is phonetic and independent of its audi-
tory counterpart. The fact that the consonants wete correctly
identified at levels of intensity where the whistes were not has
been called ‘phonetic precedence’®, It nicely illustrates the
exquisite sensitivity of the phonetic module when it does
what it was specifically adapted to do. As we have seen, chat
adaptation was to several requirements that language meets.
Had the auditory system been bent to accommodate chose
requirements, it would have become useless for the purpose
of rendering accurately the sounds of the non-linguistic world.
The biological solution was the evolution of a distinct pho-
netic mode as part of the larger language mode, not in the
higher reaches of the cognitive machinery, but down among
the nuts and bolts of action and perception.

Conclusion

We have examined two starkly contrasting theories about the
production and perception of the sounds that convey pho-
netic structure: the more conventional, horizontal theory,
which holds that those processes begin with ordinary (non-
linguistic) motor and auditory representations that are then
connected by purely cognitive means to language proper; and
the less conventional, vertical theory, according to which the
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primary representations are immediately phonetic gestures
of the articulatory apparatus, having been produced in a spe-
cialized phonetic mode that setves as the basis of the larger
specialization for language. The aim of this essay was to show
that the vertical theory provides the more plausible answers to
important questions of a biological kind, questions that are,
for unaccountable reasons, rarely asked. Thus, it is possible to
sec how, by creating distinctly phonetic motor structures to
serve as the ultimate constituents of language, the phonetic
specialization enables speech to meet the requirements for
parity, as well as those for particulate communication, while
also giving it a biological advantage over the reading and
writing of its alphaberic transcription.

We have yet to discover exactly how the phonetic motor
structures find expression as coordinated movements of the
articulators; how, despite elaborate overlapping and inter-
leaving, they are organized into precisely bounded segments;
and how the inverse transform from sound to motor structure
is accomplished. A consequence of these gaps in our know-
ledge is that we presently claim for the verrical view only
that it heads the theoretical enterprise in the right direction.
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