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The Motor Theory of Speech

Perception’

CHRISTOPHER MOLE

There is a long-standing project in psychology the goal of which is to explain
our ability to perceive speech. The project is motivated by evidence that seems
to indicate that the cognitive processing to which speech sounds are subjected
is somehow different from the normal processing employed in hearing. The
Motor Theory of speech perception was proposed in the 1960s 45 an attempt to
explain this specialness. It is currently enjoying a renewal of interest, partly on
account of our developing understanding of mirror-neurons (the existence of
which is suggestive but not conclusive) and partly on. account of some recent
work using Transcranial Magnetic Stimulation {Fadiga ef al. 2002).

This essay has two parts. The first is concerned with the Motor Theory’s
explanandum and shows that it is rather hard to give a precise account of
what the Motor Theory is a theory of. The second part of the essay identifies
problems with the explanans: There are difficulties in finding a plausible
account of what the content of the Motor Theory is supposed to be. The
agenda of both parts is rather negative, and problems will be uncovered rather
than solved. In the concluding section, I shall suggest where one might look
if one wants to solve the Motor Theory’s problems, but it is unclear whether
the Motor Theory’s problems ought to be solved, or whether the whole theory

should be abandoned.

I.

Psychologists were first persuaded that speech perception is unlike the
perception of other sounds by the failure of attempts to build reading machines

1 This work was done while the author held the William Alexander Fleet Fellowship. Thanks are
due to Ms Julia Fieet, who sadly dicd while this volume was in preparation.
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To be told that speech is special is to be told something of nterest, but it is not

friciently precise for us €0 be in a position to assess &

yet to be told anything st
scientific theory that purports to explain this specialness. Reesearchers (most of -
on reading machines had

them based at Haskins Laboratories where the work
been carried out) uncovered multiple effects that were thonght to illuminate
pecial. Four, n particular, attracted the attention of

the way in which speech is s
psychologists moTe widely. These were: the categorical perception of speech,

the lack of invanance, the ‘duplex’ perception of speech, and the McGurk
effect. 1l explain each of these in turn.

Categorical Perception

To understand the categorical pature of speech perception, consider the
discrimination function for normal non-speech sounds—the function that
gives, for each magnitude of 2 perceivable property, the smallest discernible
difference from that magnitude. BY presenting normal listeners wich. pairs of
sounds, and asking whether the two sounds sound the same O Jdifferent, we
can work out, for any yariation in magnitude on any dimension, what the
smallest discernible difference n that magnitude Is. And with this data, we

aph showing, for each of the pitches we have tested, how much

can plot a gt
deviation is needed from that pitch for the two sounds to sound different, ot

we can plot a graph showing how much change in fone i needed for two
sounds to sound different, and so on for various other dimensions along which
acoustic properties vary. These graphs showing the discrimination function
for simple acoustic properties will tend to be gently curving lines. As we
test a subject’s ability to discern variations from louder and louder sounds,
we don’t come across any one particular volume from which deviations are
much more easily detected than are deviations from stighdy londer, or slightly
quieter sounds. The ability to discriminate one pitch from another changes
smoothly as a function of the initial pitch. The same is true for volume and
rmbre. This fsn’t true i the dimension of variagion is a dimension that 1§
celevant to differences in speech sound. If the sound we are testing is a speech
sound—such as the syllable /pa/—and if the magnitude we are varying is
one that can make a difference to which phonemes are heard—such as the
voice onset time-—then there is a privileged magnitude such that deviations
from that magnitude are much easier to detect than deviations from the
previous and from the subsequent magnitudes. The graph on which we plot

the smallest discernible differences will not curve smoothty. There will be

a sharp trough in it at the point where we suddenly become extremely
sensitive to small variations. I will be helpfol to spell oue this exanmple in

some detail.
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The syllables /pa/ and /ba/ both begin with bilabial plosive consonants.
That is to say that the initial sound in both is produced by closing the lips,
allowing a little air to build up behind them, and then releasing that air. They
differ in the moment during this performance at which the vocal chords begin
to vibrate. For a /ba/ the vocal chords vibrate almost as soon as the air is
released. A /pa/ is produced when the vocal chords vibrate a lictle fater. The
time between the release of the air held at the Hps and the beginning of the
vocal chord vibration s called voice-onset time (VOT). VOT can be varied
continuously and a spectrum of phonemes can be artificially produced, each of
which differs from the preceding phoneme only by, say, an increase in VOT
of 10 ms.

If we listen to each of the sounds in this continuously varying spectrum
they are not heard as varying continuously. We don’t hear a sequence of /ba/s
gently sloping off into penumbral cases which gradually become recognizable
as /pa/s. Instead, the first half of the spectrum is all heard as more or less the
same /ba/ sound, and the second half of the spectrum is all heard as more
or less the same /pa/ sound, and there is a narrow band in the middle of
the spectrum, when VOT is around 26.8 ms, where subjects differ as to how
they hear the sound. At this transition point subjects can recognize very slight
varations in VOT, since these slight variations are enough to move the sound
from one category to the next. From the point of view of the subject, the
difference between a syllable with VOT of 26.8 ms and a syllable with VOT
of 36.8 ms sounds like a reall); big difference, whereas a difference of the same
objective magnitude, between, say, VOT of 30 ms and of 40 ms, sounds like
a very slight difference. In the first pair, one of the syllables sounds like a /ba/
and the other sounds like a /pa/. In the second pair, the two syllables are
more or less indistinguishable /ba/s.> This distinctive discrimination function

is found for many of the dimensions of variation that, like VOT, make the
difference between two consonants, although it isn’t found for vowels,

This fmding by itself is rather unremarkable. It isn’t surprising to find a
difference between the discrimination functions for complex sorts of variation,
such as variation in VOT, and the discrimination functions for simple sorts
of variation, such as variation in pitch. And it isn’t surprising that we exploit

* This is a.slight simplification of the experimental procedure used, but not, [ think, a significant
one. The usual procedure is not pair-wise comparison but comparison of triples. Subjects are presented
with a pair of neighboring sounds—A and B—and then presented a third sound— X —which is Just
the same as either A or B, Their task is to discern which of the two initial sounds X repeats, ‘With a
VOT continuum where neighbouring items differ by 10 ms, subjects perform close to chance on the

ABX task for almost 2ll of the spectrum except for the point {when VOT is around 26.8 ms) at whick
Alsheard asa /ba/ and Basa /pa/.
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the existence of a mapping from simple features of the stimuli to perceived
categories is not the norm, the absence of such a mapping cannot be evidence
of specialness. It does not illuminate the specialness of speech.

It is tempting to think that one could create the appearance of an invariance

problem for any categorization task if one started with a sufficiently low-level
description of the input, One can recognize a large number of faces viewed
at vanious angles and in various lights, and one can recognize them beneath a
wide range of hats, spectacles, false noses, and so on. The invariances which
one exploits in face recognition are at such a high level of description that if
one were trying to work out how it was done given a moment-by-moment
mathematical description of the retinal array, it might well appear impossible.
There is surely no simple pattern of retinal stimulation that always and only
occurs when I see a face as being my brother’s. My ability to recognize him
is not a matter of my being triggered by some simple property of the array
he projects to my retina, A well-trained boy scout can recognize granny
knots, reef knots, and sheet bends by touch alone, but the features that he
uses when making these discriminations would be extremely hard to recover
from a moment-by-moment presentation of the pressure that each knot exerts
on his fingertips. There is certainly no profile of finger-tip pressures that is
atways or only associated with granny knots, and so the same sort of invariance
shown by the acoustic signal for speech is shown by the haptic signal for
knots. But it would be absurd to draw any conclusions about the specialness
of boy scout knot-perception on the basis of this invariance. It is simply that
the boy scout does not categorize on the basis of simple features that can be
discerned in the moment-by-moment description of fingertip pressures. The
speech spectrographs for which we find invariance in the speech signal are
moment-by-moment descriptions of the low-level properties presented to the
ear. It 1s no surprise that they fail to show any features that correspond with
the phonemes we hear in speech, and it is no indication of specialness.

Duplex Perception

Duplex perception is a strange phenomenon and it occurs in a strange context,
making it rather hard to interpret, but in their article ‘A Specialization for
Speech Perception’, Liberman and Mattingly (1989) rest their whole case for
the existence of cognitive resources that are devored solely to speech processing
on the phenomenon of duplex perception. Duplex perception occurs when
headphones are used to play a different sound to each ear. More specifically,
it occurs when the sound given to the first ear is a speech sound: a syllable
like /da/ or /ga/, but a speech sound that has been doctored so that the initial
burst of acoustic energy is absent. The result of this doctoring is that the sound,
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if heard in isolation, is ambiguous between /da/ and / ga{ . The sound which
is presented to the other ear is just that burst of .a..coustlc energy neecciledhts
disambiguate the doctored sound-—the burst of rising frequency sound ¢ a;
if added to the first sound, would make it sound hk(.: a/gal; or the. burst od
falling frequency sound that would make it sounq like a /da/. This sect;rli
sound, if heard in isolation, sounds like a little chirp. Ic does not s.o’un_cllq ike
specch. Here is Liberman and Mattingly’s (1989) account of what it’s like to
hear this combination. (I've replaced their jargon with mine):

Listeners hear two sounds, one at each ear. At the ear receiving the [Sfecond sougdi]ri
they hear a non-speech chirp, just as they do when the [second sound] is presente 1

isolation. At the ear receiving the [first sound] they hear /da/ or /ga/. Bu(ti s~1.1rpr1smgt ey(i
these latter percepts are not ambiguous, as they were when the [first soun ]/112 pr;sepfact
in isolation; rather, they are unambiguously determined to be /da/ or / g ﬁy the | ]
about whether the second sound is a chirp of sising frequency or fa]lmg equ(—:ncyci
just as when the undivided syllable is presented in the normal way. (Liberman an

Mattingly 1989: 490)

Perhaps this result is, as Liberman and Mattingly say, 2 s'urplrising one, but clls
it evidence of specialness? One would not expect this mingling of the sounds
presented at either ear if simple non-speech sounds were presented, but,Tas
we emphasized above, simple sounds are not t}.le relevant control group. ;
see if the duplex effect shows speech to be special, we s-hould compare speecd
sounds to non-speech sounds of comparable complemty._When Fowler a.nh
Rosenblum (1990) did this, comparing the duplex perception of syllables Wu(:i
the duplex perception of wooden and metal door slams, the speech sour; s
behave in more or less the same way as the non-speech sounds. Duplex

perception seems not to indicate specialness.

The McGurk Effect

The story so far is this, We are trying to understand how it is that sgeech |
perception differs from normal perception in such a way that speech sounds can
be resolved much faster than other sounds. We have looked at three phenomen;
that are said to illuminate this specialness. Two of these phenon.lena (the 131}(:1
of invariance and duplex perception) we found to tell us n_othmg ab:l}ut the °
specialness of speech per se. They did nothing more than point to;var 5 soi:g |
ways in which the perception of complex, composite sounds can be expected ;
to differ from the perception of simple sounds. The other phenomenon we f
have looked at is the categorical perception of speech. We foun.d there }-lto
be good evidence that this phenomenon is related to the spec1alnes(si t ;z
we are trying to understand, but we also saw some good reasons to dou
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;hatt}tlhisfriatiorﬁship is an especially intimate one. We tumn now to the
ourth ot the phenomena that has been tho i
_ phe ught to cast light on speech’
Js\/l‘:vle(éalnltjss.fET}m is the phenomenon known as the McGuri effect pIne Cths
courk effect, the syllable that a speaker i : ;
: peaker is heard to have said is fi
t ) 15 found
o ]llae influenced by l.1p.movements that the speaker is seen to produce, as
;\V/Ie [a)ls b;dthe acoustic information given to the hearer’s ear (McGurk ;ncl
aclonald 1976). The effect occurs in the followi i
. owing way: A video is tak
of a speaker repeating the syll o o nade of
yllable /ga/ and an audito ing i
! ry recording is made of
:1116 spea:ker repeating the syllable /ba/. When the auditory recorc%ing is heax(')d
honfe, listeners accurately recognize the syllable heard as a /ba/. If they are
mf{:;l;l;gd tgfse sifl]la;bles while watching the video of appropriately timed /ga/s being
ed, then the listener is subject to an illusion i i i
S v ) n illusion in which the sound heard is
I'IT:IE illusory syllable lsplits the difference between the syllable heard and the
syta e seen. /ba/, which gets presented to the ears, differs from /ga/, which
tg:: Ss prtegentlf;d to the eyes, in its place of articulation. /b/s are bilabial (v’vhich is
ay that they are articulated at the lips), while / i
: ) g/s are velar (which is to s
:}}lxat ;leé arli a;?culated towards the back of the throat). What steners hear ?Z
e McGurk effect is a /d/ ich i
e e s a /d/, which is an alveolar consonant, made towards the
ﬂ“The (;ffect may be thought of as a somewhat surprising instance of the context
F icts bt at wiu dllslcussed under the heading of ‘The Invariance Problem’. The
acts about which phonemes a burst of sound i i .
: s heard to contain are, as we
z;w, I\tlni:glenced by a great many features of the context of the sound. What
Ofe c u;k eff;:ct shows is that context effects are not limited to effects
a sound’s auditory context. The effect is an eff J
° : effect of wisual context on
! i;ard sound. We were unmoved by the invariance problem because context
ﬂHects. are 1;h<=j norm_for the perception of complex stimuli. The McGurk
etfect 1s more 1mpressive because cross-modal context effects are less obvi
clects ess obviously
eﬂ-eB: }iross—rgodfﬁ context effects are not entirely excéptional. If the McGurk
shows that there is something special about s it i
_ . ‘ peech, it is not because the
%:lgnytmng special about the fact that speech is a stimulus that is subject ;C)
i uelilce ﬁ'om.concurrently presented visual stimuli. Lots of stimuii“other than
;I?eec are subject to that sort of influence. The influence is most frequentl
1sc}1ussedh1n connection with examples from outside the auditory dqomainy
such as the ilusion of self-motion ion i :
: produced by motion in th i
i, : e periphery of
auzi :}s:yaldﬁeld. {Lee an;:l[‘ }?shman 1975). Cross-modal effects are found irI;y the
omain, too. The McGurk case is not the onl i i isi
. o. -Gur y case in which visio
and auditory modalities combine in illusory ways, and so it does not shown
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that such illusory combinations are special to speech. Saldana and Rosenblum
(1993) have shown that judgments of whether a cello sounds like it is being
plucked or bowed are subject to McGurk-like interference from visual stimuli.
Sound and vision can also interact to produce visual illusions, not just auditory
ones. The number of flashes that a subject seems to see can be influenced by
the number of concurrent tones that he hears (Lewald and Guski 2003)." It
is not special to speech that sound and vision can interact to produce hybrid

perceptions influenced by both modalities, without the subject’s being aware

of the influence.
This is not to say that the McGurk effect shows us nothing special about

speech. The McGurk effect does reveal an aspect of speech that is in need of a
special explanation because the MecGurk effect is of a much greater magnifude
than analogous cross-modal context effects for non-speech sounds. Although
non-speech sounds are influenced by vision in much the same way that speech
sounds are influenced in the McGurk effect, they do not seem to be influenced
to the same extent. The particular degree of influence from vision on what
seems to the subject to be the auditory perception of speech does seem to be
an effect that needs to be explained by the postulation of something special
about speech processing.

This is worth emphasizing because a quantitative difference between speech
perception and the perception of other sounds may be explained by reference
to a quantitative kind of specialness on the part of speech. Given that sounds
in general are somewhat susceptible to McGurk-like effects, we do not need
to postulate very much specialness to explain why speech is distinguished
from other sounds by the degree of its susceptibility to such effects. Perhaps
the unusually high susceptibility of speech sounds to the McGurk effect is
expliined by the fact that the contexts in which speech sounds are heard
are, to a greater extent than are the contexts of other sounds, occasions
where the source of the sound is visible and where the visual information
is a potential source of useful disambiguating information. The existence of
other auditory-visual cross-modal illusions shows that there are mechanisms
in place by which visual stimuli can influence the perception of sound. The
fact that speech sounds are unlike other sounds in the degree to which
it is useful to make fine discriminations, and the fact that speech sounds
are unlike other sounds in the frequency with which visual information

from the sound source is available for helping with such discriminations,
could .together explain why the mechanisms of cross-modal influence (not

+ A vivid demonstration, described in Kamitani and Shimojo {200%), can be found at: <hzp://www.

cas.atr.jp/ ~kmtn/andiovisual R abbit/ index.htmi>.
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special in themselves) come to be es

of speech. pecially influential on the perception
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thez(;yry of Speech Perception. The task of saying what the contents of that
are proves to be much harder t 1 i ,
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distinction from discussions of perceptual epistemnology. In those discussions,
we often encounter the distinction between two different perceptual relations
distinguished in natural language by the difference between perceiving an entity
and perceiving that something or other is the case. There are, corresponding
to these two perceptual relations, at least two ways in which Liberman and
Mattingly’s claim about the object of speech perception could be interpreted.
It could be a claim about the sort of thing that goes in the y place in true
sentences of the form ‘He heard y’ (when the hearing in question is an instance
of speech hearing). Or, altematively, it could be a claim about the sort of
thing that goes in place of the P in true sentences of the form ‘He heard that
P’ (when the hearing in question is an instance of speech hearing). When
Liberman and Mattingly talk of perceiving ‘gestures’, what they mean 1 that
when we hear a /b/ the object of our perception is a bilabial plosive gesture;
that when we hear a /n/ we hear an alveolar nasal gesture; and so on. What
isn’t clear is which of the two perceptual relations these gestures are supposed
to be the objects of.
On a first reading, Liberman and Mattingly are claiming that when a listener
hears speech, it is true that he hears intended phonemic gestures. If this is
the correct reading of their claim, then their claim is surely true. Sentences
of the form ‘x heard s’ are true if and only if there is something identical to
s that x heard. This context for ‘s’ is an extensional one. So, for example,
it is true that Miss Scarlett heard the gunshot just if it is true that there is
something that Miss Scarlett heard, and true that that thing was the gunshot. It
doesn’t matter whether she recognized it as a gunshot, or even if she has any
concept of gunshots. If Miss Scarlett thought that she was hearing a champagne
bottle being opened, but the sound was in fact that of a gun firing, then it is
nonetheless true that Miss Scarlett heard the gunshot. She heard it; she was
just mistaken about what she heard, Understood in this way—as a claim about
the object of the x heard y relation—the ‘first claim of the Motor Theory’ is
uncontroversial. A speech act is a sequence of intended phonemic gestures, s
the truth of sentences of the form ‘He heard intended phonemic gestures’ is
guaranteed by the existence of truths of the form ‘He heard the speech act’.
Perhaps, like Miss Scarlett, we do not know what it is that we are hearing.
The claim that we hear phonemic gestures is compatible with the claim that
we hear such gestures unbeknownst to us.

This claim is true, and obviously so, but it won’t do as an interpretation of
what Liberman and Mattingly intend, because it can’t do the work that the
Motor Theory is supposed to do. To claim that the perception of speech is the
perception of gesture in this sense is not to identify a feature that makes speech
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about the relation of hearing that. If it is making the first claim, then it is saying
something true, but something that cannot contribute to our understanding
of the specialness of speech. If it is making the second claim, then it is saying
something demonstrably false. This dilernma only arises because we take the
Motor Theory to be making a claim about the object of a perceptual relation
in which the subject is a person. Can the theory avoid these problems if it retreats
to making a claim about a subpersonal relation? The first horn of the dilemma
remains—‘x heard §* is an extensional context for s, whatever we put in
the x place, so the identity of speech with phonemic gesturing guarantees
trivially that phonemic gestures are perceived when speech is. The move to a
subpersonal perceiving subject can’t help here. But perhaps it helps with the
dilenuma’s other horn. The second horn of the dilemma does look like a place
in which the tactic of moving to a subpersonal perceiving relation seems more
promising. The problems at that homn were problems that arose because the
theory seemed wrongly to convict a certain kind of thinker of irrationality.
These are problems that the move to the subpersonal may help with, since the
notions of rationality and irrationality are notions that lose their grip when we
move to the subpersonal.

To avoid the problems set out above, the Motor Theory needs to be
interpreted as making a claim about a subpersonal perceiving relation, and it
needs this perceiving relation not to be an extensional one, or else the problemmns
associated with the first horn of the above dilemma will arise again, How should
we understand this notion of a subpersonal, non-extensional ‘perceiving that’
relation? When we were at the personal level, we had some intuitive grasp of
the way in which the personal ‘perceiving that’ relation fails to be extensional,
but at the subpersonal level, much more work is needed if we are to understand
the source of the non-extensionality of the ‘perceiving that’ relation. At the
personal level, hearing that there was a gunshot requires hearing the sound as a
gunshot. If we are to make sense of the Motor Theory as claiming that speech
is represented as phonetic gestures at the subpersonal level, then we shall need
a subpersonal notion of representing as, corresponding to the personal-level
notion of hearing as. It is a natural thought that the way to understand this
notion is through some kind of connection with particular concepts. But, for
reasons akin to those we've already seen, a conceptually demanding notion

won’t serve the motor theorist’s purposes. One who lacks the concepts of
phonemic gestures can nonetheless hear what's being said to him, and even if
the thinker has those concepts, they do not seem to be engaged just because
speech is being perceived.

The situation we are in is this: The Motor Theory makes che claim that
gestures are the objects of speech perception. We are trying to understand
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1985: 24). On account of these findings, they moved from a claim about the
vocal tract ifself to a claim about an internal model of the vocal tract. The
theory as revised does not claim that we actually use our mouths and throats
in hearing speech, but that the perception of speech involves the use of ‘an
internal, innately specified vocal-tract synthesizer’ (Liberman and Mattingly
1985: 26).
This move from a claim about the vocal tract to a claim about an internal
model of the vocal tract brings with it a loss of clarity because it is not
immediately obvious what it fakes for a bit of neural apparatus to constitute an
internal model of the vocal tract. Several suggestions could be made to help us
understand the claim. One such suggestion would start with the observation
that there are some contexts in which one system can be said to model
another just if the model can be used to generate reliable predictions about
the system modeled. This is the sense of ‘model’ in use when 2 load-bearing
spring is said to model an inter-molecular force, the effects of LSD are said
to model schizophrenia, and, perhaps, some computer programs are said to
model the weather. If the Motor Theorist’s claim that the apparatus of speech
perception includes a model of the vocal tract is understood as a claim that
involves this sense of modeling-as-prediction-generation, then problems arise
along just the lines that we have already seen. There is a problem with saying
that some part of our brain generates reliable predictions about vocal tract
gestures if these predictions are personal-level scates—-normal perceivers of
speech make no such predictions. And there is a problem if the ‘predictions’ in
question are subpersonal representations encoding information about the vocal
tract—any subpersonal state that encodes information about phonemes also
encodes information about vocalic gestures, on account of phonemes being
individuated by the vocalic gestures that produce them.

There is, however, another sense of ‘model’ on which the Motor Theorist’s
claims stand more chance of being both plausible and explanatory. We can
say that one system models another if the fust behaves in a way analogous
to the behavior of the second, and if it does so for analogous reasons.” If one
system is a model of another in this sense then it can be said to represent that
system, and the particular states in the model that occupy the same functional
role as a particular part of the system modeled can be said to represent those
particular parts. This may give us a sense of ‘represent’ that we can use to
understand the Motor Theorist’s claim that we represent speech as phonemic

gesture.

5 This is really just 2 dynamic version of the common or garden concepe of a model as we find it
applied to model trains, and che like. It is nothing to do with the technical, logician’s sense.
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could, alternatively, work forwards. The model could try out a whole range
of various inputs, and use these to generate representations of various acoustic
profiles which it then compares to the acoustic profile that has been encoded
by the ear. When it finds a match between one of the generated acoustic
profiles and the profile perceived, it can identify the input that produced the
match. These two alternative ways of using a model correspond to the two
strategies that, in the psychological literature, are given the unlovely names
‘analysis by analysis’ and ‘analysis by synthesis’. An analogy will help to clarify
the difference between the two approaches. Suppose that Mr Jones is playing
notes, one at a time, on the piano, and that Mr Smith has the job of finding
out which notes Mr Jones is playing. To help him in his task, Sinith is seated in
the same room as Jones, and at the keyboard of an exactly similar piano. There
are two tactics Smith can use. The speediest tactic would be to lift the kid of
his piano, press the sustain pedal so that the strings are not dampened, and
watch to see which string resonates. This will be the string that corresponds to
the note Jones is playing. The second tactic is for Smith to press each of the
notes on his keyboard, one after the other, and listen to hear when the note
he plays sounds the same as the note Jones plays. In each case, Smith uses his
piano as a model of Jones’s. The first tactic is analogous to analysis by analysis.
The second tactic is analogous to analysis by synthesis. The method of analysis
by analysis is the more efficient of the two.

To meet the causal isomorphism requirement, a speech processor which
could successfully detect the /d/ at the beginning of ‘di’ and the /d/ at the
beginning of *du’ would have to do so by the same means, for bath /d/s result
from the same pateern of gestures. But, as we saw n our discussion of the
lack of invariance, the difference in the following vowel causes this pattern
of gestures to produce different effects on the features of the acoustic profile.
The degree to which there is a lack-of-invarance problem, as discussed above,
shows that there can be no model of the vocal tract that satisfies the causal
isomorphism requirement and conducts successful analysis by analysis. The
causal isomorphism requirement calls for a single part of the model detecting all
and only, for example, tongue-backing, while the lack-of-invariance problem
tells us that there is no feature of the acoustic profile such that a device that
operated as a detector of that feature would be responding to all and only
tongue-backing.

Perhaps because they are aware of the tension between their claims about
lack of invariance and the possibility of apalysis by analysis, the advocates of
the Motor Theory have typically accepted the prima-facie less plavsible analysis
by synthesis account, according to which the model of the vocal tract in the
brain generates several representations of acoustic profiles, and then compares
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the profiles it has generated to the acoustic profile heard, so that, on finding

a match, it is able to identify whatever input to the model of the vocal tract

produced a representation that corresponds to the profile presented. Even if an

iitial bit of analysis by analysis is used to reduce the set of profiles that must be
generated to a set of plausible candidates, the task of analysis by synthesis seems
s0 vast that it could only be successfully completed in a realistic time frame if
the candidate profiles are produced by massively parallel processing. There are
a buge number of possible things that you could be doing with your mouth at
any time, and the analysis by synthesis approach requires that a model of the
vocal tract try each one of them out to see whether the acoustic consequences
it generates match the sound heard. A single model of the vocal tract trying out
each of these possibilities in series would have to be working at a colossal rate
for speech to be perceived in real time. Analysis by synthesis is only plausible
if parallel processing is employed, but paralel processors fail to meet the ‘no
gerrymandering’ clause in the causal isomorphism requirement on modeling.
To see that they must do so, suppose there are two models working in parallel,
one of which tries out the lip movements corresponding to *du’ and the other
of which tries out the lip movements corresponding to ‘da’. On one occasion
the sound presented is a ‘du’ and the profile produced by the first model gets
matched to the profile of the sound heard. On another occasion the sound
heard is a “da’ and the second model produces the match. In both cases a /d/
is recognized, and so to meet the causal isomorphism requirement there must
be a single state featuring in the recognition of both sounds—but for there
to be such a state is for there not to be separate paths operating in parallel.
Analysis by synthesis is implausible unless the synthesizing models operate in
parallel, but models operating in parallel fail to meet the causal isomorphism
requirement, and the states of models operating in parallel therefore il to
count as representations of parts of the vocal tract.

We have tried various ways to interpret the claims of the Motor Theory
of Speech Perception, but found none of them to be both plausible and
meaningful as an account of how speech perception is done. We have also
found that the evidence that has been thought to recommend the Motor
Theory’s approach is wanting. This might lead us to .give the whole thing
up. Nomnetheless, I claimed above that 1 would end with a gesture in the
direction of a place where these problems could be solved. That place is,

I think, closer to the spirit of the original Motor Theory than it is to the
more sophisticated theory that was developed in the light of the evidence
and arguments that have been reviewed here. We rejected the idea that the
apparatus of speech perception is the apparatus of speech production because
the perception of speech that one cannot produce is so obviously possible.

1
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