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Since this SJmnoseam is uonceﬂneq with models, we should

; say-at :the outset that we do not have a model An’ the st”ict

+.8senre,-though we are-in search of'one" What we do-have is some
notions about ‘the general characteristics that a model of speech
perception should- have:s We: will*try ‘thisimorning to' describe

-z these. not¢ons and the facts that have 1ed us'tO»entertain them.

-wﬂWe:‘egin, uhen, with someefactsxabout linguiiti’ ?ructure;f .
Thege -have - great generaliﬁv in- tnat they transcend~ nv‘vevfinula“
“smodal;tymuhrough wLich the ‘message: might com°'~ﬁ1aey musf be
taken_in o aceount; tﬁa* 15, whether communication s by eye,
oy eaf, o through the skin. ~One might ‘say of these facts,
therefore, that they are scmehew. cognitive, ‘but for cur

purposes we need only uay that, being most gene"al, they have
an obvious pricvity and we should conslier them first,

It is the more appropriate that we should begin with such
general considerations vecause this uymposium is concerned with
the perccpbicr of opblezal as well as acnustic eigrals, and we



heve in nind that 1anguage is perceived, in literate people at -
le st, by eye as well as by ear. We vill, in time, narrow our :
concern to the perception of spoken language.: In keeping with
';the purpose of this symposium, however, and also in order to see
'our ovin problem of speech perception ‘more- clearly, we’ will first
censider what it is that mist happen in all 1inguistio perception,
,land then measure these requirements against the abilities and

,shortcomings of the eye and ear,.:u Wi LR $RiR

b

;ﬁﬁa ::Perception and 1inggistic structure‘”' %étuayiﬁggthe”‘”
. perception of language, we begin with: the advantage'-that there
. exists a reasonably good description of what is perceived, We

»rwords.a~Beginning, *in~the. otherogrammar,~
wof morphemes, we move through a‘larger vocabulary of words and:f“;
-8, vast reperiory of. .phrases to an- infinity of : sentences.,,'
- A consideration of this structure suggests several cuescions
for a model of speech percepuion. Is the model to deal with
~perception in both grammaré -- that is, on both sides of the
meaning barrier? Given that we are on the ‘one side or the
other, is it, then, %o explain the perception of all the
- segments 4n each layér? - And will 1t account for the way the
~ segments in one layer are ‘organized for use at the next higher

one, or how the segments at one layer constrain, or operate in
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parallel Wiuh, those of another? , ‘
_ We can ignore these questions, but only 1f we assert'tﬁat

the segments and layers are figments of u~linguistfs imagination
or, perhaps, linguistic abstractions'that have no rezlity in o
.perception. And, indeed, we may at times be tempted to do Just
that, We will find, for exXample, that the acoustic correlate of
a given phoneme changes considerably with’ different phonetic. .
contexts, and we may accordingly be moved to infcr that the‘“‘ﬁ

_psyllable, rather than the pPhoneme, is the smallest segment o
'phonological perception. This would: be unwise, We have the _
greatest respect for the imegination of our linguist colleagues,

but we cannot believe that they invented linguistie structure,*“"?
we hold, with them, that they only discovered it. No more, can
we believe that this structure is not psychologically real and.
important . There is evidence, both direct a ‘

perceives _ 5 e
 We would like, of course, to understand the whole or .

linguistic perception -~ that is, to answer all the questions we o

raised a moment ago. Our ambition has realistic bounds, however, -

80 we have chosen to ve concerned primarily with perception

within the phonological system.. St111, we should be awars that

other problems exist, We.are surely well advised to have in

mind that a model of phonological perception will one day be

married to a model for the perception of morphology and synuax.

We ought, therefore, to be concerned in advance about their

likely compatibility. At %he very leact, we should be gratifici




12 the two models grew up*speaking the same metalanguage.-

In thils connection werwill get ahead of our story just 1ong_“
~ enough to say about the model we seek that it contalns a key
assumptlon, namely, that the sounds of speech are somehcw
percelved by»reference to -the way we. generate them. We have.
discussed this assumption and the reasons for making it in a
number of earliel papers.1 An explicit model that Pmbodies :
‘essentially this point of. view is described by K.N. Stevens and '
by Morris Halle and Suevens.2 They would recognize speech on'
the basis of analysis oy gynthesis according to generative or j
articulatory rules, - Now, as Halle and Stevens pointed out in
an earlier paper, such a model 1is not too different from one
thalt seems peculiarly appropriate for perception at the higher
) levels of .language, too.3. This is ‘hardly a decisive
' consideration in the selection of_a model for phonological
“perception,” but it is: relevant, A
v » Feguirements for perception‘atwthe phoneme level
.ffnow, take the shortest segment at the pnonological

perception Ay‘the nature of linguistic;struo
The first 1s that the phonemes must not lose" their identity
they enter into combinations with other phonemes.. "
requirement is.not_met, the system 1s not phonemic, in‘rhich
‘case it is not 1ingulstic. Perception of the phonemp nust also“
be independent of context in a somewnat different and weaker
sense: 1t is no®; enough to hear a partisular phoreme, say /64
as something more Or 1ess like /t/ than the last phoneme heard;
rather, 1% must be heard as /t/ 1tself. This is To say that we
must ldentify absolutely, not merely disoriminate.

The second requirement is one of speed Since language is

paonemic we need only a few basic gegments -- not more Yhan

aboub LO, in fac“ --. %0 pxo oduce an infinite number of utterancsas.
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But We. pay, for this economy, other things being équal, by the'-
requirement that we must transmit and receive -a 1arge number of ‘
these elements per unit time.= Ir we did not, communication would
be ‘slow, Worse yet, it m_ght even be impossible, for if one is
; tohorganize the phonemes into units at a higher level they must
.eome, in at a reasonably high rate.‘ Here we are limited by our
span of apprehension or, attention in time, and if anyone doubts
this, .he need only have _Someone read to him,slowly,
%painful letter.
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it In short, the language demands that the phonemes be
absolutely and rapidly identified We shall, for convenience,
hjnuse thegword “distinctive 5o, refer to stimuli that”can be s0 " .
identified
- systems might meet#f{t

ihata kg 4

”jPhoneme perceptio

sons, an we'would snppose thaththis wouid be true or
pghnmans,,too.~f | ‘ |

R

'T..,i‘,

woerns oo The. visual system appears to be organized on a parallel
basis, so one should anticipate no great diificulty in getting
the phonemes through the transmission link and into the recipient's
head, We need only devise a set of distinc ive shapes, one for
ﬁeach.phoneme, and set them side by side. We .eould use one of
the alphabets already available, each of t em highly distinctive,
or we could invent & new one it for any reason this seemed
desirable, Because of the eye's ability to perccive in. space,
we can have 2 one-to-cne relation between phoneme and external




; signal, as ‘we do with'tne alphabc*ic scheme Ve Juut described,‘
and s»ill encounte' no real difficulty in percejving word- length
sequences of thse ohoueme segnarts. _M$”"““'““

In the auditcry case %he croblem is different and
5 considerably grcater. “ig the extent thab tne input channel
“Zcoerates “In ‘the sericl mode, it is’ inherently Yilower than vision,
Then, to'o';”it 41sn't all ‘that easy to’ get 40 nighly iden‘bifiable
signals, urless ‘one ‘18’ willing ‘£o° ase’ up ‘time’ 1n’ patterning the

acoustic characters. And to do this’ is, of" course, self- i

defeating if our purpose 48" to communicate ‘at high speed But
1et us assume that we. have “somehow overcome this di’ficulty and
succeedeu in finding 40 ‘o 86" highly idenblfiable acoustic s
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Pe*haps the best way to see the ear's difficulty is to -
Lconsider “what' reaaing “would ‘be like 4f the’ eyc were subJect to
’“1im1tations 1ike hose ‘that peset the car. " The aopﬂopriate

anelogy would be with a reading situabion in which the '
individual 1etters were “flashed on and off, one at a time, in
succession, and in the same place.’ But ‘we labor the point and
put oufselves in danber of being about to prcéict that pcople
will never be’ aole to pex reelve speech, or that our specles will
develop Hhe abilwbj to rcad aﬁd write befor it learns to speak
and listen, Semam e SR .
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- At the very least, however, we snould not be surprlsed to

- discover that speec& is. a uuiquely d'Sulnctive set of acoa'tic

. signals. ~And we do discover precisely that . No other acoustic

signals will work nearly so well. Some will.object at this

. point that such a statement is true but trivial, having in mind,

" perhaps, that no one has ever really tried to develop an

-alternative acoustic -system, or that it is; in any case, difficult

‘to match ‘the amount of practice we've .all. had in 1istening to
7. speech, - In general, :such an obJection is ;not, well taken.. an-

‘:§speech ciphers -on -the phonemic structure of 1anguage have been
*'developed and ‘thoroughly tected, not only in the familiar case :
of Morse code, but also in fifty years of research

.tﬁdevelopment 4n- the attempt tOgbuild reading machiﬁe
blind It is most instructive to review the results

tfthe information-carrying capacities cfvnon-Speech acoustic Sl
vsignals, such a rate apnears to be .very high indeed

~ What, then, does the unique dlstinctiveness of speech
sounds tell us about a model of, speech percepticn? At the
very least it suggests tﬁat there must be.sometbing special
elther about tiie properties of the sigral cf about the way we
process i1t. Our own very strong tendency is to embrace both
alternatites. Speech sounds have the interesting property
that they are also produced by the person who percelves them.

e e P
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In this respect they are not - truly unique, however, since we

“'sometimes clap ‘our biads,_snap our fingers, Lap our feet, ‘and
sneeze.-~Soeech gsounds are wholly unique 1in that they alone are
produced by neuro-muSﬂular events that are at some point
equiva1ent to-the grammar of a~1anguag * or, more specifically
in this case, 4o the constituent units of paonology. This, 1n
turn, creates “the possibility fora" special kind ‘of perceptual

Aprocessing'T namely,‘that the . acoustic signal 18 somehow decoded
’jby reference “to “the ‘manner 1n which ‘these . segments‘a
“We 'sald on1J that the possibility is created »We do’ believe,

however, ‘that people take advantage of this’ possibility; and
" fhat 1T they “did not, speech ‘would be far: lessﬂdistinctive than "

p oduced

i %",r,it 18 etk Wﬁ_’g"cm“

'should not be surorised by this since we' have Just seen
“difficulties would plague any attempt to get: language past the
auditory bottleneck by any simple and obvious means. But we
muSt;examine'the'nature of the complexity and explore its
implications, - |

In the structure of language the phonemes are discrete
segments.. n the acoustic stream of speech they are not. And,
indeed, we could‘not expect them to be,.given what we know
about the temnoral resolving power of the .ear and the number of
pulses ger second we should hear if the phones were acoustically

&
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'?discrete._ Of course, “the’ acoustie’ cves ‘for~ the phonemes . are

" there, 'We krnow What ‘they are ‘and where they are, and we can,
moreover, ‘manipulate “them 50 'as tochange the ‘perception on a
'phoneme-byrbhoneme*basis; But the cues for. ‘the phonemes do not
‘1ie along ‘the “time" ‘axis .like -so many beads on a string. Rather,

“'they aré overlapped ‘and, more ‘generally,. encoded into units of
?'approximately-syllabic size.ewThis -ig why- ‘one -cannot syathesize

speech ‘from pre-recorded segments ‘of “phonemic - dimensions.7 ‘And,_
Lin*the reverse process ‘of- machine recognition, :this is why the
engineer finds*it‘so’ difficult “to: segment speech lnto the |
phonemic ‘constituentsive hnmans perceive, -

g0y oy

Ypne” encoding of phonemeﬁstringsiinto syllabic units reduces

-

"significantly the number ofwdiscrete :acoustic. segments (per -

gy

How”the encodingﬁfirst’occurred_will%be considered. hortly

* Phe’ rather compleA enccding*bf the phonemes shows in other
’ways, t00. “Phus; we have' in’ earlier ‘papers: ‘commented on i
:‘examples of a’situation in which-phonemicucues,for different_
consonants are acoustically the same before different vowels,
We have also described the converse examples in which cues for
' the same conscnant ‘are very different before different vowels.o
' The cases that we have particularly emphasized in this connection
are the by now fairly familiar ones -that deal with the burst cue
in the perception of /pi/,- /ka/, /pu/ and the transition chift
“from /ga/ to /g:j/.9 "It should be undestood, however, that

L




o L.
- fhese are not isolated examnles..f“hus, with . bransitions that all

begin at exaotly th yesame, point on the frequewcy scale,.one can,
oefore different vowels, produce all three. stops. /b,4, / 10
Conversely, one .can, in the case of many consonants produce the
‘same « pnoneme .perception (before different vowels) with transitlons
that begin at. frequencies that are, by any psyohophysical
""standards, enormously different, If one ohooses to define the

acoustic-cue ‘dirferently - == for. example, .28 . the direction and

~a;extent“of thefuransiuion ravher than.its, s»arting frequency -

exactlj compar ble: difficulties ariee.; wgmwﬁ";@" o
Indeed,the search for.acoustic cues that‘would show a -

2 reasonab;e*degree of;invariance with respect to perception has

.especially in the
The 1nitial disappointm

had. a long,and largely unrewarding history,

fcase”oﬁ*thehconsonants,g

,them as_the:

v“facous*ic cues:%wﬁs we have seen,. however, we, do not find

';nevertheless,oulth'some satisfaction, have define

. invariance even when we define tho cue in thls ra*her lax way.
To. unify, at -least to some extent, the. great varievy of acoustic.
shapes that in different environments produce . the same phoneme
”percerf*on, ywe had, in the case. of the stop and nasal consonants,
to discover the "locus" ~-- the frequency Lo which the transiticus
point.ll' Although the locus is here a very convenient concept
around which %o organize many otherwise diverse acoustic facts,

31t is in no»sense;availabie_to the listenar as part of the
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acoustle signal. Nor can it be. made an actual part of' that

changing tne perception.l?
Now the loci are more nearly invariant wiuh respect to

A s

signal witnou» groesiy upset ing ana

D R

gthe perception tlan are the ac ual acoustic signals.* And in

tnis connection it is of more than incidental Anterest that the

locus incorporates anuessentially articulatory’transformation.13

wwd B3R

We would suppose tha even better approximations to" inva*iance
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with perception might be had by getting closer to the essential
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i operauions under}ying articulation. “we’ shall have more to say
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. The point to be made now‘is that for many of*the lmportant
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L consonants uhere is no way to define the acoustic cues 8o as to
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have, except in~a small number of phonetic”contexts ,an
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Hvlist,‘or‘evenicfas if;f all th

o
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coustic signal into units i
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H%In considering how these signals are erce
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o tvo choices. As we have already implied, one is to reJeot th
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The complex‘relation’b tidbn acousti'
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,wphonene and begin w*th tne syilable -- to‘assert, that is,bthatyr
ui/ga/ differs from /ba/ only holistically and not’ Just in the
anirst segnent _ Similarly, we should have to assert that /ga/
udiffers from /g:v holistically and’ not Just 'in the second

L AT

: segment Bu’. such assertions are, ‘a8 we ‘have already said,
plalnly contrarv to fact Besides, they lead us to assumptions
that are une conomical and inelegant" our model would have to
pe"ceive, at ba* e, the thousands of syllablcs instead of the

N ~
= ERRRE A

2,11




,éﬂanj fnwer,phoneme

,“W";N”qﬂaliﬂx‘}u' ¥

An alternative

Nk L1

somehow to. recover the phoneme. To seeznow he niynt do this,

(

_We. should consider h

gtneﬁxirSU place.&wﬁe shall aosum -f indeed, we think we must

Jthat somewhere in the speaxer's ccntral nervous

D N erapRialy ;,xq e PO
;system there etist signals which\stand in a one-to-one relation

W g A s nsal

+. 5o the, phonemes -of the 1anguageslj

e iz
b ke ed e T

‘ signals, arranged of course 1n some temporal pattern,

w;r«rﬂ

R,

) the articulatory muscles,r’At tnis level the relation‘to

phonemic«structure is conceivably still quite simple
¢ i LEF L Juﬂ“ﬂéq it““,"«"' ] ~NFL “x“ ':;','rre»:uf" 3,
eve can,operhaps, find a close correspondence ‘t0 the
2, e ﬁzr‘w Faats Dl . ~¢3ﬁ§3w&}: R 0 Tt et !’W*“,#
muscles are commanded to conbra

gk Nl LBEELT TSSO, N O e
,(Just how close or remote ‘this correspo ence 1
s ; e s Fsdioh ’ g

: The next= tgps;

d

o

epende

Ae_‘.;,«t,.\‘.}}‘u_ e e : '
. constraints inherent in the an atomy and physiology - :

- vocal tracc, we should expect foﬂéet thehhlho’of'scramblins that
we do, in facs,_find - that is, a loss of segmentability and the
freguent. etistence of a complex relation between acoustic cue
and - ntended phoneme.14 : ’ '

Thus, he complet*ties ‘we find 1n the acoustic signals

Accordingly, we can, oerhaps, recover a

were not always there.
simple relation to he 1anguage by geutinw back on’the other
side of the saccessive transforma"cione by which the message was

.
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;_jconve ted Prcm ncural sisnal to sou We nould enind ou

e rselves
_here that the perceiver is also a speaker, and that he must,
R R a5y . ;

therefore, possese allAthe mechanlsms for nutting.the segments
_through the succeesive recodings that result eventually in the

i'; bl

acoustic sign*

wonden,»then, wheuher 1t is necessary, or-,
;desirable, or even reasonable to endow him with an entirely

"‘-“v»vi?.&,g s g g
......

- different set .of mechanismsAfor decoding that signal  We would

e et srlidingonk | NS YEREE 00 ‘;,.n. 3 *‘T
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,prefer to assume tha he has but one mechanism, one center, ir
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_you. will, with some kinc of 11nk between sensorY‘and 0 or areas;t
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At all events thc.kinds of' ata we mentioned’ a:moment ago
suggest that perception may be more closely related to ‘

Whedie ko s VE R LSRR Bt 8

gﬂarticulation than to the acoustic signal

*
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.eonsider one more typ%;of evidence for that generalization~*n
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A specific exanﬁle,
‘ % 2 b ead. By Seap ety e R T

‘gmight choose, concerns the perceived disuinction b wee
et wnw-»ﬁ oS A A N SERERERE . R sy oy Bibgsog B

words.- "s11t" and - "split“ Bastian et al. &
‘»_.,Ar bl b B S s LRl Ty A.%t‘;g Jrowmy B .
powerful and sufficient acoustic cue for thie dasuinctacn 1s

simply the duration of an inte"val of silence between the /s/
friction and the vocalic portion of the syllable.15 They
vsubsequently found, as others had found previouslf in work with

other consonaat cues, that perceptio of this cue is cateoorical
in the ‘sense, tnat subjects tend te hean test stimuli, each with
Ma dif;ercnt duratlon of.silent interval, either as /8lz%/ or
/splzt/ given eaual physical differonces between successive
,acoustic sig.als, the 1istener discr;ninates very noorly withit

e
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then experiences 1hat amounts to

-tne . range of a single pnoneme,
16 In

tion at the phoneme boundary.

. a. quantal Jumn in perccc
n was aoso categorioal,

K rder to find out wneth°r the articulatio
:1these investigators had the subjects attempb to mimic the
ith their various durations of silent

‘?experimental utimuli w
“interval. Acoustie and electromyographic recorda of the subject's

: responses indicated that articulation was as categorical as the
. | -flx it

-hthat is,‘bhe squect"eithe'”closed ‘ais 1lips to

'percepvion ;
'rticulate* splzt/ or. he kept them‘open to produc Wsl:t/ There ‘

i1 v At At toonot S B - :
. were no partial closures in response to snimuli near the center

of the aeoustic continuum.}?z ’ "

is a sibuation in which the acoustic variabion

o e MHer then,A

do Bl Lk g pol ‘L::_\"‘ab sy . ”1 e ;

ﬁwjis,gontinuous articu1ation is categorical, and perception --,~
& SR SR B ST R T a6 T “":f "/I o NP A 33 o e . .

1lowing ar iculation butwpot the_acous

o
SRk g R LARER
categorica o

tic signal

“which is,-perheps,’ !
Salhalinds o Sb o BT Y 3 e T
eter Ladefoged has found thar _hy p

T SRR E e B serap e 4 TR e TR L R e = RO L S
"2 simpler relation the ctivibyﬁof respiratory mnscles than =

‘,h,_\ A ERE C T
' vFrom this fact he

,to the propertieswofvtne;acoustic signal.
perceiving stress the 1istener is, in effect,
21
t.

stress,

W?ﬁ% Aeiern RS

(ﬁrjustylist

choncludes tnat in
perceiving the behevior that normally produces i

The oerceocion of speech “and nonsneech. “If 1% is true
s hear gpeach jn terms of she way Lhey produce is, then

nd nonspeech signals must somehow be processed
to the evidence which suggests in one

that.

.liatener
speech signals a

differentlj. We turn now

way or anotner that uhis may,
sp]xt/ and recall thac di5ﬁrimination of

in fact, be 80, - Consider again

.he caue of /sl:t,
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‘ equal physical differences in the acoustic cue was" ccnsiderably
be*ter at- the phoneme ooundarv bhan in the miucle of the phc“,me
range What happens when e ask suojec oS to‘discriminate

entially tne same acoustic variable - nanely, the duration
of a silent interval between a patch of noise and a complex tone
-~ but in a non-speecn pattern? , The. answer is that there is’
- then: no peak in the discrimination curvc but only the monotonic
~kind of. function one- most commonly finds in the perception of

: one-d mensional variations of.a stimuluS.a?wwEssentially this

same kind of experiment has, been carried .out for severalaother'»~

consonant distinctions, and the same kind of resultihas”been i’
-y obtained. 22 . . Loo. . . s

S Such«results suggest tnat Jthe, discrinipeﬁ%gn@peak andﬂthe ;

‘.they provide are not inherent An .

Aindicating that»the,peak oceurs - only,when the signel, being ;
,;heardwas 8 speecn sound,,somehow engages the special speech
vprocesuing system - In. our view, a prom_nent feature of that
system is a reference te articulation, -

.These results are reinforced by other evidence which
suggests, that there is in perception ro continuum between speech
and non-speech, - In one relevant experiment, House, Stevens,
Sandel, and Arnold produced various degrees of acous cie
approximations to soeecu.?§ Perceptually, there seemed to be no




‘*approtimation.*‘Their signals vere, heard a8 speech o they’were””'
“not.- "If they vere heilid as’ speech, they wére ~ighly distinctive. -
“din the “sense that" tnev were easily ;earned in a paired—associate‘

1earning”task 'dThose stimuli that were not heard as speech were

?‘not 1ﬁ‘ his ‘sense distinetive.”" -
The many 1mpress;ons ‘onhe’ gets frcm ‘everyclay work with speechl
npsynthesis also support ‘the. notion that there is no gradual !

2%

*“to the distinctiveness of speech sounds. One seems either to

5, %

‘the fate at. wnich discreteﬁevents an*beiheard- .

‘**to*do with‘the"difficulty of: finding 40 acoustic 1gnals that”
“ape highly iden»ifiable though ‘of - short duration. :
‘already nad occasion to vemark how the ‘encoding’ (and suosequent
decoding) of the phonemes into the acoustlc signal (and out of
1%) 1ncreases the rate at which strings of phonemes can be
‘perceived. We should make explicit now how this encoding-
decoding might improve‘identifiability.’ As hes been implicit
1n the discussion so far, a code based on a reference %o the
articnlatory!system should enable the listener to take advantage

of the relative independence of some parts of that.system.
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Given thewexistence oi subsvstems and the number oi different

muscle roups involved, we can suppo e thau th motor commands
ano feedback associated yith their activation might be more.
highly discrete and identifiable than the orrespording acoustic

-.eues, ‘This shquld be espeoially 80. when dif erenu phonemes

N

involve different muscles rather than related muscles in

different degree“

‘he have'spoken
nd perception.vph

R e Sy AR “

:We shouldpemphasize non that the relation is not always complex.:i
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Becall the case of /slxt, spl:t/.
was continuous, hile articulation a dﬁperception were

e el G SRR S e e e

sgdisc ntinuous.c The articulatory situation for the vowels s

& EG AL

lex r 1ationjbetwe n coustic signal

Sonidor b B3

; There, acoustic variation

;"H

wquite different in'that the speaker'canxpresunably vary his‘*

%I My P R g T4kt A

-articulation continuously

M,identif’

R g

articulation 'and perception tendito:be’in ste they all vary
‘,,, s *WMWM‘&«—&M“MVVY 1‘.-“« 1 o £ﬁr.§ g, #:Jvﬂﬁm‘t\% 3
;more or. less continuously There is,: therefore, no basis on

b ua. Loy H B bodewnd Sk B J;.J.slsd..'.,,wztaum‘aa a..uaam.e i uhidad

,which we can say that a. reﬁerence to articulation does or does
not mediate the perception oi these signals. We might conclude

. that .we should not, assume such mediation if we don't have to;
:alternatively, we might feel happier about keeping the whole
speech pe ption system of one. kind

One modcl or two? It is, of course, posslble that more

than one. mecnan*sm is involved in, speech perception. We have
._considered, for. examole a duplcx thc:*y in which scm, phon mes




would be perceived on an analySis by—synthesis b sis, but others

EERS

iwould be processed straight through -~ that’ is, i “ferms of

ctheir acous ic'proper ics alone and without any reference to
“the means oy whiCn they are ‘zenerated. "Others, (for instance

‘iChistovitch 2T+ nd Ladefoge@ have entertained similar notlons,.
o -l.f’ then’ duple iuj' ‘

‘I guess I §hould not’ say cuolicitJ oo
v'is a real possibility; we are interested in the kinds of

e e P T Qe TN SRt TR AL R

ﬁexberiments “that” might help us’ choose between ‘the possibilities.f
or Ty ghgoy,” 18 A a0 Syl gy e N R '
‘More ‘g nerally W are,’of course, even ‘more’ interested 1n ho
’the.differencg“betweenfthe two classes ot ohonemes can be '

‘wcharacterized, uhether we ‘are’ driven to duplexity or not

ey T oy 803 5 3’ i PR sy s ¥ i L » L
"articulation? Or is it,? K N Stevens has suggested to us,

hraty xkh&‘map G ;arm g wfm%:aygk; ; o BB ol ':

matter of whether or not the important acoustic cue'results

‘««H

““These' uestions an

o e “"ll' A ‘q. :.'f o Bot u-.i.‘,—

phonemes,‘perception is very nearlj continuous. *We should

’guess that‘these differences "would ‘have imnortant implications

fffor distinctiveness - that the categorically uerceived SVOPS

Qwould be more accurately and quicklj identified than the
continuously perceived vowels.‘ Ve might also expect to find
that phonemes with different degrees of ‘distinctiveness would
have different linguistic roles, or that they would, at least,
carry diffetent functional loads. -There isn't much that can
be salg about thesecguesses at'tne present time except that_

1t will suiely be possible to collect the relevanu facts.
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Invariance and motor commands, Having Just consldered the .

3 L wndeel

vowels in which there 1s amdirecu relaflon be

_Qsignal and phoneme perce tion we ought nowﬁtc:return to cases,'
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exist‘at some articulatory level ’ Our point, in effect, was
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that the‘Speech message 1s precessed through successive
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,,frecodings .and, Andeed," circulates in a closed loop as we -
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o monito -our .own acoustic output At some point in this 1oop,._.?
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there 1s a .recoding wh%ch correSponds in discreteness of units
e R R N AR A R Pormo
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and regularity of structure to our perception of'the message,
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4 oL more pregisely, t the phonological c
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~nmessage,. The argument then, was that,thi
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almost certainly occursﬂat the-level-
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electromyogram actually measures the musclé potential that
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accomnaeies contraction. Such potertials afe closely related
- to the neural commands that actuate the muscle, however, 80 we
_are able to make in;erences about the motor commana

Unfortunately, the methods we use fo" +he purpose of findlng

the EMG correiat g of speech are noc nearly 80 flexible or
convenicnt as the methods now available for uncoverinw the
acoustvic correlates." Therefove we canﬁot, after only two op -
three years o“ rebearch, make statemen,s that are firm and
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me data however, “and ‘they warrant the
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fo‘lowing tenta,ive conclus' ns“
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When ue deal wi th temporally o
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articulated by different g*oups of muscles -- such as /t/ and

can find an invariant EMG tracing for '
f'the context in‘which the phoneme |
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:ﬁsuch as_/t/ and /i/, for enample SRS is, for obvious reasons,
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idence that some part§ oF the gesture
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) of s sound spectrogram.wv
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fsets of EMu activity on the ‘several traces repre—,
of the

tion, dimension oy dimension,
then, that in ‘this important sense,
relation to the perceived

parts
onsets and of

Asent 2 kind of segmenca
We see,

articulauory event.‘
too,fth° motor commands ‘pear a simpler
phonemes than does Lhc acoustic signal

£ this is necessarily ve

Ve °ay again that all o
we ‘ave encouraged to believe that tne

ry tenbtative.

As things stand, how ve
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EMG correlates of the phoneme will prove to be invarianu in some
Significant nse._ At 211 events. ve verJ rmuch hope that chia
will be so, not in the interests of a motor theory broadly
conceived, since 1t ds always possibl e to push the assumed
invariance farther upstream, ‘but simply because the motor
'commands are about as far upstream as’ Je ‘are’ 1ike1y to go

24
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experimentally. JIf we find invariance there, we shall’ have the
801id basis for a simple description ‘of the’ phonological
"‘*structure"of {;he 1anguage.,‘ Surely we can all agree that such

is*essential, too,ifor a modelrof phonological perception,
*~as we™ have said, our strong inclinati '
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