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AND SEUTH??N FR?HQH

The purpose of thie articlel is threzfold. First
of all, it concentrates on somz aspects of a major
accent of French which his received little attention
in recent vears. Seeaﬁdly it adduces further
evidence in favour of giving syllables a formal
gtatus withing generatlve phonolegy. Thirdly, it
includes an illustration and defence of some of the
concépts of dependency phonology as presented by
Anderson and Jones (1974). 1In many respects the
present acticle is an intreduetion to the phenemena
in question and it is hoped that most of the ideas
will be developed further elsewhere.

limits of thls "département" and perhans to charact-
erize Southern French as a whole® The pronunciation

version of
epartmental
Essex, and
ealleag for th31r sugges*;@ns and support.
special debt of gratitude is owed to P.J.Brew,
.K. MacMaheon and I.Roca, without whose
enstructive criticisms this articie would not

1ary
ad
f

£

o N
.
1]

I wish to thank all

-]
]
" potn ot

]

‘Hmm:rn o= R el e

or all rema;ning Errors.

e & made extensive use of my family
and my friends in Hérault and elsewhere in the
“1d1 and I HiSh to thank them for their cooper-

2. My analysis corresponds for example to the deserir
ion given for the Toulouse area in the classical
study by Sé&guy (1951). Most of the Midi speakers
I have encountered and studied seemed te conform
to it. It would of course be prematurs to claim
that this is the pronuneiation of all Southern
French speakers, nevertheless, the expression
"Southern French” will be used throughout with a
reference which, at thiz stage of our knowledge,
should not be taken literally.

4

ve oxisted. I am, of course, solely responsible
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and I will in what follows ignore his results.

deseribed here is a familiar sollequial one

which partially explains why some of my assertions
appear to clash with Martinet's and Deyhime's
studies on the pronunciatien of French. Devhime

(1967), to take the most recent approach, has
made a eareful questionnaire-survey of the pro-
nunciation of a number of key-words for 500
subjects originating from various parts of

Franee. His informants were first of all asked
whether they made a particular distinetion

(e.g. between pot and peau, gotte. and saute) or
pronounced a word in such and such a way (e.z.

did they say lion or buée in one or two syllables?).
Deyhime also asked them to say the words in
question and compared their actual pronunciatien
with the one they 2laimed to be making. Not
surprisingly Deyhime's "Enquéte sur la phonologie
du francais contemporain' produces what are in my
opinieon, rather odd results. 40% (342 to his ear)
of his Midi informants would make a difference
between sotte and saute, whereas I transcribe

them both as [ sote]. Again u0% (34% to his ear) of
the Midi informants declare that they distinguish
jeune and je@ne, when I would claim that socie-
Tinguistically such a person would acquire for

his or her compeers a "prononciation parisienne"
and would be felt not to belong to their ling-
uistic communitv. But we know, and Labov (19886)
has proved it beyond question, that there is an
abyss between the way people speak and the way they
think they speak. Furthermore, the pronunciation
of people varies eonsiderably when they read a
iist, a passage, or tell a story not to mention
variations along ether social parameters., I
therefore feel that Deyhime's survey3 to be useful,
should be integrated to a sociolinguistic study
such as the one made by Labov for New York English,

3. Apart from the objections relating to the

"reflexive” and artificial side of Deyhime's
questionnaire which presupposes that theoretical

terms like "syllable®, "length", ete., have
been clarified within linguistic theory let
alone for naive informants, there are many
problems connected with the social origin of
his subjects (they are all students), the fact
that they were all living in Paris at the time
of the survey, and so on and so forth. Deyhime
himself is aware of it (ef.his remarks pp 64-65)
and it may be ne accident that his final
diagram (p.81) for Midi French matches my own
observationz (Part III

o



The rules I.will be concerned with are essentially
lcw-levgl phaﬁgtlt fules (in fhe ‘gense of SEhaﬁE

allaphnnic rules. The frameﬁﬁrk adgpted her is
that of generative phonology. In other words,

it is azssumed that there is ne intermediary level
between the (morpho-)phonological representations
and the phonetic output. The reasons for
FEjectlng such a level have been stated repeatedly
in the peelallsed literature!, and there would be
little point in going aver all of them once again.
It may neverthﬁlgss bg abserved that mast of the

mDrPthleEEl alternaticns rafher fhan paradlgmatlc
contrasts arising from identieal underlying forms
such as rider ~ writer in American Engllshs Not
surprisingly fairly similar examples can be found
within French. There are dialects of French,
notably those comprised in the vast crescent thaf
goes from the Ardennes to Nermandy, where a :mntr
between fu/f~fu:il, /yl~/y:/, /1/~/1:/, and /e/~/ea:
ean be found®. ThE situation in this respect is
the same as that which prevailed in XVIIth and
XVIIIth century in Franee. Typical examples of
this contrast are:

[1] la lie [11:] la boue [bu:] salée [sale:] nue [ny:]

le 1it [11] 1le bout [bul =salé [ssie] nu [ny]

4. See Chomsky (1964), Chomsky and Halle (1968).
For a non-generative approach to phonology see
Martinet (1965); a point by point rebuttal, as far
as the treatment of French is concerned, can be

found in Dell (1873a).

9;, pp 177-8 and 211-2,

<
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Given the tenets-of autonomous phonemies, four
extra phonemes should be recognized for these
dialects since the contrasts in the same environ-
ment C_ # yield differences in meaning. But
this approach seems to be neither economieal nor
insightful. It is obvious, at first sight,

that the contrast occurs in a rather 1imited set
of cases: feminine vs. masculine nouns, and
feminine ve. masculine adjectives. We also kneow
that feminine adjesctives are normally formed in
French by adding the neutral vowel /s/ to the stem,
this latter being dropped under certain conditions
in most varieties of French/. It would therefore
appear much rimpler to posit that all the forms in
{1] have an underlying schwa:

{2] 1a lie /!la/, la boue /bus/, sglée / 53
nue /nys/ and that a late rule® assimi
{e] to the preceding vowel:

vocalic
consonantal
a back
8 high
low

round

back
high

low

£33

round |

Rule [ 3] would eonvert the words of [2] into [u]:
[

‘4] 1a lie [111], la boue [buu]), salée [satee],
aue [nyy] which accounts for the contrasts
we started from. Since sehwa has in any
case to be postulated for the proper funct-
joning of French, all we need to add to the
grammar is rule [3] which is a good example
of regressive assinilation.

7. For the postulation of schwa in French consult
Schane (1968), Dell (1973a), {1973b).

8. Schwa is at the phonetic level (once again in
the sense of Schane (1968)) the only lax vowel.
The features are those set out in Chomsky and
Halle (1968), taking inte account the gugpestions
made pp. 353-5. '

7
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It is on the basis of such arguments that the
idea of a single autonomous level Where all the
centrasts could be established has been rejected.
And as we indicated before we shall take ag
axiomatic that such a rejeetion is correct-.

We shall, however, in what follows start from the
"phonemic" svstem of standard French and compare
it with the "phonemic" system of Southern French.
The reasons for this are purely expository:

All we need te assume is that the phonological
segments mentioned balow would appear at some
point or other of the derivation and that they
would undergo the rules we will presentlv mention
(for further details on this see the Appendix).

The bulk of my arsument (part III) consists in
ng +hat the concept of the syllablell is
led ferth: by our examples and allows morle

nsigktful generalizations. Part IV represents
n atterpt to selve a residual oproblem by having
ecourse to some formal notiens provided by
a
u
o

pendency phonology. Part II serves merely the
netion cf refreshing the reader's mind for
n

o T~ P I

trastive porposes. -

II The Standard French System

At the "phonemic” level standard French
possesses the following segments:

tel TENSE SET LAX SET

-Back +Back

+Rpund ~Round +Round -Round -tense
: =back
thigh v ' u o = | -hign
~low : 3 s
el +low
=high _ o
low 8 € - -
~high _ ) .
+low £ [4 2 -]
g, Not:ce that Schane (1971) proposes o Tecog-
nize the ohoneme as “a viable phonological
unit" but says about autonomous phonemics that

"The theoretical arguments against such a
level are sound”. (p. 503).

Hotice incidentally that Schane (1968), in
contradistinetion to Chomsky and Halle (1968)
. pgas the concept of the syllable for some of
his phonetic adjustments. See, for instanece,
pp-35 and ¥2.
. . Q
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For some speakers an opposition is made between
/a/ and /o/ but it is leosing ground and we follow
Schane ((1968) p.19) and Martinet ({(1969) p-188)
in not seeing it as crucial in standard French.
At the level we are envisaging /a/ is classified
as (sback, =-round), but would probably appear as
central in the final phonetic representation.
This dees not pose any problem if we bear in mind
the distinction between the classificatory and
the phonetie function of features. It will also
be noticed that we have not listad the nasal
vowels as they are not central to our argument.

What should perhaps be mentioned is the fact that

some of the oppositions high-lighted in {5) are
weak or, to use Martinet's term, neutralized in
many positions To guote Martinet (1969) at
-.ome length: "Entre Parisiens d'une méme classe

””” n'y a aucun aceerd sur le degré
d'ouverture de 1la 1 gquai, irvai, les,
ces, mes, ete. Ailleurs qu'a la finale, le -
choix de [£] ou de [e] est presque automatigue.
Comme 1'opposition [#] - [@] n'a jamais été

d'une grande utilité, seul [o] - E;], dent on

voit mal comment on pourrait se dispenser et

qu'une majorité de Méridionaux arrive 3 conserver,
maintient la ndeessité de distinguer, entre

celui de /1/ et celui de /a/, deux degrés

moyens d'ouverture du maxillaire" (p.189). Te
supplement Martinet's observations it can also be
pointed out that the /o/ = /a/ epposition is rather
precaricus in many contexts. It is sufficient to N
take the 1list of werds ending in os and compare
their transeriptions in a variety of dictionaries
to persuade oneself that the situation is net
absolutely straightferward:

voyelle de gai, guai,

o

(&) JUILLAND HARRAP ' WARNANT
thermos ) las/ /as/ /os/! & /asl/

As for Southern French making a genera distinction
between /o/ and /2/ there is little point 1in resuscit-

ating the objections made to Deyhime in the earlier
part of this article.

9



i

III The Southern French System}l

The Southern French System I am considering
makes ne "phonemic" difference between /¢/ - /&/,
/a/ - [e/, and /o/ = /s/. In other words, the
following examples, which can be minimal pairs
for standard French are pronounced in the same
way:

{71 jeune [smns] été [ete] céte [kotal
jefine [s=na] étais [ete] cotte [kotsl
al schwa is normally pronounced before a pause
1 est jeune # # [I11 e 3en] but dropped

i
ore a vowel (eg il est jeune et béte £ [
bets ]- Let us characterize the system

(8] TENSE SET LAX SET
-Back +Back
+Round -Round +found -FRound
+high
~low Y i u -tense
et -back
;gégh g a a /8/= |-high
+low
-high _
+low a

his tvpe of French have
nd are in many cases in
a

an Ocecitan subst d a 3

a situation of dig gia. See Lafont (1971)
and Giordan (1875). The problem of relating
this substratum (itself a complex set of
interrelated dialects) to Southern Trench

prohunciation is a faseinating one and useful
to verify some theoretical assumptions but its

magnitude makes it lie beyond the limited
bounds of our study.

10
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It is however the case that [#] and [el,- [e] and
{e), [o] and [o], all appear at the phonetic
level. Here are some representative examples:

(2] a)
heureux [gra) nettez [mate] moto [mote]
neutraliser [ngtralize] étriperletripe] oprimer [eprime]
Euclide [gkilds] érable [erable] proclamer{proklamel
creusiez [krgzjal dtioléd [etjele] rosier [rozjel
(b)
bonheur [boner] mer [mer] corporel [korporel]
secteur [ sekter] rester [reste] poste [poste]
heurter [erta] Elmire [eimire] opticien [aptisfén]
ceil [e)] pareil [parej] Troc [rok]
{e)
neutre [netral mettre [metrs] socle [sakls]l
pleure [olaeral guerre [gers] rose [roze)

If for the moment we limit our attention to 9 (a)
and (b) we can see that the high variants oceur

(i) before a word boundary, (ii) before a single
conscnant followed by a vowel, (iii) beforas two
consonants provided that the second one is a liquid
or.a glide. On the other hand, the low variants
occur (i) before a non-syllabic follewed by a word
boeundary, (ii) before two consonants provided that
the second one is noet a liquid or a glide. The
situation is summarised in [101.

{10] High variant [¢,e,.0] Low variant [c,e,2)

_ é'
_ L #
L{; . ) G
77@1(‘3) v !
I 5 T

where Cy must be
either an obstruent
or a nasal, ie

[ +cons, -voel

O
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A superficial inspection of [10] shows that in
each case the environments are completely
disparate. V¥hat ix it, for example, that makes
a single consenant followed by a vowel have the
same effect as a pause boundary? Why is [tr]
different from [rt] (cf. neutraliser vs, heurter
in [91127? It seems alse purely accidental that
two consonants of a certain type (eg [kt] in
geeteyr) behave in the same way as a pause
boundary. We can, of course, Etartlng from our
characterization of the system in [ 8] formulate

a rule:

[11] [+vee ~
=eons | L c.iyv 7 . ;
~high ~—— (+low] / ~—— [ -5y11] —voc
~low | ['h;e:ms]

but, as can e seen the choice comprised within

the braces dees not seem to be highly motivatedl3.
Another solution might be to accept that syllables
are part and parcel of phonclegical descri
If we assume for the moment that the trad;tlanal

12. Sauyssure in his Cours (p.78) formulated
verv similar aquestions: “en vieux haut
allemand hagl, balg, wagn, lang, donr, dorn
sont devenues plus tard hagal, balg, wagan,
laneg. donnar, dorn ... Mais comment

formuler la loi? D'od provient 1la
différence? Sans doute des groupes de

consonnes (¢l, lg, gn, et“,) contenus dans ce
mots., Il est bien clair du'ils se composent
d'une coclusive qui dans un cas est prédcéddée,
et dans 1'autre suivie d'une liquide ou

d'une nasale: mais qu'en resuite=tsil? Aussi
longtemps que g et n sont supposés quantltés
homogenes on ne camprend pas pourquoi le con-
tact g - n produirait d'autres effets que

n- g
Another possibil
aégéunf-Lasg's 8
features L +cons, -
This is a line of
here.

st
e
= \IH-
™y ok

““h

O
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way of agsigning syllable beundaries in French is
correct, a umuch elearer picture emerges. Let

us consider the [#] -~ [e] examples of [9] (a) and
{b), and rewrite them with syllable boundaries

(% indicates the beginning and/or end of a
syllable):

12 (a) $ g4rpt ) $boSnaer$
$ ng $ tra § 11$ za 3 $ sek § ter $
$ krg $ zje § $ or § te $

1f the same thing is done with the other examples
of [93] (a) and (B) it will be obvious that the

rule we ape dealing with is a very simple and
natural one. We get a high variant in open
syllables (ie when no consonant intervenes

beiween the vowel and the syllable boundary) and

a low variant in .closed syllables (ie when one or
possibly more consonants intervene between the-.
vowel and the syllable boundary). Instead of rulé’
[11] we would now have:

{12]
*voc
iﬁi’;ﬁ ——% [+low] /____ [-sv11] $
=low

and [13] is undoubtedly preferable to [11].
There is nevertheless a whole set of examples
' which still awaits discussion, namely [9] (e).
o All these words have a low variant in front of
- one consonant (or two consonants of a certain type)
followed in turn by the neutral vowel. What is
puzzling is that the two consonants in questien
are those that normally determine an open syllable
{ie an obstruent followed by a liquid). And, in
fact, in styles of standard French where schwa is
pronounced (eg poetry) the accepted division of
words like neutre and guerre into syllables is
neu$tre and guedrre. Why do we not obtain:
[ngtral. and [aera]?

13
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These examples may appear to be caunter-EV1denee

to a 5yllable-hased phanelnglgal model. But notice
that since the lowering of / ¢,e,0 4 in [91 (&)
ocours 1n environments different from those stip-
ulafgd in Ell] the rule is no simpler for non-

[14] Fvoe +voe
evoa : +cong -cons [|(a)
. ! e

== -tens
~CONng o T atmed 5 g L ..
“high —3 [+1ow] /__[-8¥11] # (b)
=low f=voeo (&)
- +cong -

If we bear in mind the normal conventiong for the
expansion of such schemata‘as [14] , we can see

. that [141 is in fact an abbreviation for four

rules (given in terms of examples):

(M (@) (D) neutre  [netre]
(i1)  yeuille ([veja]
(n} mer [mer]
(e) sectaire [sektere]

The reader will have netieed that we can modify
{13] in exactly the same way as we modified
[11}, namely [15] (We shall hereafter refer to
[15] as. the FINAL ADJUSTMENT RULE abbreviated as
FIN ADJ):

[lﬁ ] _ . *voc
FIN ADJ | +voe (Eﬂrm: ]) =eons |4y
seons |, (41owl/f—— [ -sy11] | \F€OnE “tense

-high

L=low {
7 L $ =Lb)

The schema [ 15] abbreviates three rulee and .
therefore, at the simple level of the formulation,
represents a gain over [ 14). Furthermore, it
gtill embodies the insight that for the ma]grlty
of worde considered the variant obtained is

determined by its position within the syllable.

14
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I

-

=
1

On the basis of the evidence presented here

we would therefore argue t that the introductien
of syllables would afford greater insights into
phonelegical processes. It could of course be
objected that such a modification of phonolog=
ical theory is hardly warranted in view of the
superficial nature of our examples. They are’
after all equivalent to allevheonie variants within
a taxonomic model of phonology. This argument
is not flawless. First of all, there is a fair
amount of evidence from varinus languages in
favour .of giving syllables a formal theoretical
status (in particular see Hooper, (1972);
Anderson and Jones, (1374)). Secondly, if ve
consider the gfammgr as a way of connecting
sound and meaning, then all aspects of the sound
structure of a language must be dealt with, in
the same way that all aspects of its semantie
structure must come under 1nve5tigat;an. And,
whatever level the linguistic phenomena belong tc,
arguments based on "economy” and "1ﬁsightfu1ness
must be able to operate.

There is nevertheless an outstanding problem in
the formulation of FIN ADJ (R 15). It is still
true that 15 (a) (i) and {ii) represent exceptions
ta the more nmfmal pattern. But if we belleve
may, once agaln, wonder what 1t is that makes

one consonant (or two consonants of a certain
type) followed by a schwa have the same effect as
a closéd syllable. Or to put it another way, what
ig it that overrules the 5y11ab1¢ bracketing in
words like ‘autre (au$tre), guerre (gue$rre) or
pleure Cpleufrej§ It cannot be a mere ecoinecidence
that the vowel which seems to bring about this
real;zaflﬁﬁ, ie [#], is unique at the low phonetic
levell¥, Tt is the only member of the lax set,

as [8] emphasizes, and therefore always unstressed.
In part IV, I shall attempt to provide some

o
E -
< w3

*his ig net true at the phonological level,
ince the latter is composed of five tense.

vovwels and eight lax ones ineluding schwa. ' i
See Schane (1971) p. 346 _and the appendix. -

15
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explanation for this phenomenonl5., In orde er
to do this, I have had to approach this topic
from the angle of dependency phonology.

SYLLAELES AND DEPENDENCY PHONOLOGY

Iv

One of the main problems that have alwavs beset
phonologists dealing with syllables has been that
of assigning syllable boundaries and establishing
criteria for so doing. Is it, for example,
absolutely eertain that a word like rabbit should
be analysed as rz$bit? Variousz phonologists

have pointed out that svllables appeared to be
"interlocking" units but unfortunately this has
generally led them to the rejection of the
syllable as a viable phonological entity. To

put the discussion at a more techniecal level, this
means that phonolegists have been reluetant to
allew nen=preper brggketlng of syllables. By a
proper bracketing, is meant one that assigns a
given element to one and only one constituent.

At the level of syntax, given three formatives

A, B and C, the surface structure A B € cannot
specify A E as a phrase and B C as a phrase: the
string may be bracketed as [[ABIC] or [A[BC]] but
not both ways simultaneously {A[B)C]. Teo

return to our previous example rabbit /rebit/,

the medial /b/ must belong to the first syllable or
to the second orie but not to both at the same time.

15. Observe that the lowering eannot be due to
vowel harmonv (or.-to.use ancther tETﬁiﬂQlﬂEF,
regressive ass;milat;aﬁ) sinece /e/ is
[ﬁhlgh -lew] in état Teta], /a/- [=high, -lowl
in otage [ata:a], in spite of the following
/a/T-high, +1aw1 Nor can it be brought
about, as could be argued in standard French
(see eg, Schane (1968), p.47), by dropping of
sehwa,rtwhlch ereates a Eiased eyllable),
since in that dialect schwa is generallv not
dropped. This argument is in any case dubious
even for standard French since in the styles
where the neutral vowel is retained the lower-
ing still takes place.

16
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Anderson and Jones (1974) have recently put
forward a number of arguments re-affirming the
relevance of the syllable as a structural unit,
and ghowing that this was possible if one were
prepared, at least for languages like English,
to permit non-proper pracketing. The eriterion .

they suggest for agsigning boundaries to medial
clusteps is to take into account the constraints
on final and initial clusters of monosyllables.
Let us exemplify-this with the help of two cases.
A wopd 1ike rabbit would be pracketed as follows:
{yralzb];1t} (the square brackets designate '
syllable boundaries not a phonetic transcription)
with the /b/ belonging to both the first and the
second syllable. The reason of this is simple:
/b/ can be syllable final in a monosyllable

(cf. =ab) and it ean also be syllable-initial
(ef. Bit). To take a more complex example,

reluctant would be bracketed as [1r1L;l]1nktatjggﬁf]3,

The interesting cluster is the second medial
cluster ct. We know that /kt/ is possible as

the end of & monosyllable (ef. duet) but we also
know that there ig ne monosyllable beginning with
/xt/, thepefore whereas the second syllable
encompasses /kt/, the third one can only begin
with /t/, since /t/ is possible initially

({ef. tieck). Anderson and Jones (1974) demonstrate
that such a treatment clarifies a number of
phonetic and phenolegical facts {particularly
relating to stress pules in English) which
otherwise remain unexplained.

They then go on to claim that the following
prineiples gOvern the character of medial
clusters (p.7):

[16] (a) Medial clusters are composed of a
syllable-final preceding a syllable-
initial sequance.

(b) "Precede" includes overlap where
possible.

Interestingly enough, Anderson. in a short but

thought-provoking note {CAnderson) 1973), had

broached the same gquestion in a more universal-
istic spirit. He speaks there in terms of

17
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and onsets" and formulates
eg thus: '

{1617 (a) Interlude = coda- EE;; onset
(b) = is preferred to <—_

& EEZ;" indicates precedénce, "siiif strict
precedence, "=" coincidence).

Anderson adds that such a fule "eould make a fair
claim to being a language universal, provided the
coda is allowed to be null”., He also declares
that "French, not surprisingly, conforms to

(16] " and adduces some evidence in favour of
overlapping syllables in that language. Although
this decision may be correct, it seems as yet :
difficult to see what advantages could be drawn
from it. It would appear that the same general-
izations can be achieved whether or not we permit
overlap in French. Furthermore, the tradition

of French phonolegists is overwhelmingly in
favour of assigning single medial consonants to
tha following vowel, not to mention the well-
known phenomenon of final consonants jumping
across morphene or word boundaries (ef. petit

ami = pe - ti - ta = mi)., . And this partially
accounts for the discrepancy that exists in French
between the,Ehﬂnélggy and the morphology. To
quote Gardel®((1968) pp.23-4): "Ainei la syllable
n'est pag incluse dans le ‘mot en francais, mais
slle l'est en pusse, et dans beaucoup d'autres
langues: la coupe de syllables coincide avee

la coupe de mots en russe mais nen en frangais:
comparez “choeur angélique, coupe syllabiaque

[k'e-né-ze-1'ik] et T, x'or ‘aféelav, coupe
syllabigque {x'or-'an-ao,i-at] =%, I shall
assume that this point of view is correect and
assign medial eonsenants unambiyuously to the
preceding or following syllable. The only
constraint that will be taken into account will
be based on permissible intial sequences.

16. See also Matthews (1974), p.l66.
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Alternatively, since this dscision raises

some problems which we cannot g6 inta here 7, e
can for cresent purposes predict syllable bound-
aries by a rule such as the one presented in
Hooper (1972) (but not envisaging it as a
universal):

El?lﬂie%5 !/ [ +8y11] -fnas

a [ s«cons J[-cons],

s with -some médifications,
to E?Ef‘ﬁte N

Either decision, perh
will allew FIN ADJ [

The next problem we need to deal with is that of
the structural representation eof svllables.
Implieit in most traditional approaches is the

idea that constituency rules of the form:

Svllable ——3(C) V (C) indicate quite adequately
the structure of syllables. HNote that this
sugpgests among other things that consonantsg and
voWels belong to the same rank. Once again
Anderson and Jones make proposals of guite a
different nature: <they pur forward the case that
svllables could be more annranflatelv reprasented
bv ﬂeueﬁdenﬂy tress. Denenden:y trees have already
been used-.in syntax by a variety of linguists

(i n:iuding Anﬁersnﬁ)lﬂ Ina degendency tree

and in ﬂlace of the EQnStIfQEﬁEV
(eg Det + Noun = Neun-Phrase), tHe

17. Particularly in relation to interludes the
first element of which is /s/ (Cf. rester
[fzsta]), and which acdeording to sur
eriterion should be res$ster (yielding *[reste])
since /s/ is possible initially in a

eluster. Cf sport, stable, etc., etc.

pp 9- =15. .See too Anderson (1971) Ch II, and
the references therein. The rest of oup
paper borrows rather heavily frem Anderson
and Jones (1974), we can only advise the
reader to turn to this article for furfher
explanations or clar;f;gatlgnsi

18. On this problem see Anderson and Jones (1974)

19
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re "hierarchized" with respbect to dependency.

i)

The dependency relationship itself is related to

traditional notiens like govermnment, rection,

rank and also endocentrieity. Anderson (1971, p.43)
within the framework of his localistic grammar of
case, represents the sentence "the duckling was
killed by Egbert” in the lowing way: o

//;;; |

1

qamiﬁ”t;ve copuld ! ergative

1 [ |
! \ \ l i
| ' i [
| Noun \ , : Nagn
I A ' i | |
. P Y 1 :
! IoA \ ' ! !
| IR SN ' i ' !
P ) | [
g the duckling was killed by Egblert .
The position of Verb indicates its hyper-relation-
al and governing functien within the sentencej

as for the case elements thev express the relation
contraéted between the demendent Nouns and the
governing Verb. And as is immediately obvious

. gaeh category has a surface realization (d could
be interpreted as the deletion of the preposition
of in subject position: ef, the killing of the
duckling) . ) T

son and Jones extend this tvpe of .
representation to syllables. Each syllable has
for central governing element a syllabic segment,
and all the other segments are subordinate to it.
If we may be forgiven-for-quoting Anderson and
Jones (1374, p.9) rather at length: "such a
characterization of syllables is appropriate if
we can provide an empirical interpretation of
subordination such that for each syllable

there is a determinate centre ... to which all
other elements are subordinate. We elaim that
syllabicity, and more generally, degree of
sonority, are just such an interpretation, and
that the syllabiec element is the centre of each
syllable. Associated with each syllable there
is a unique sonority peak whose identification
is available to native speakers, and enables
them, for instance, to count the number of

o
=
10
]
*
[
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syllables in an utterance". If we take a )
syllable like bit /bit/ there iz a svyllabie

/1/ to which aIl the other elements are subordinate.
The graph structure we would associate with .

it is as follows:

(18] v

AN

W -———r
4--—n

i

]

|

5
1

ebit/ which as we said was

The word rgbbjt lru
) 5]2t] will correspond to the

bracketed as [ra[

tree [19 ]:

f193 v Vv
1%
i ' 1 1 ]
twbad

The /b/ is bidependent on Y and /i/ since, as
our bracketing shaws, it belongs to both the
first and the second syllablﬁ, ‘Anderson and
Jones then go on to argue that one of the
funetions of the stress assignment rules is to
gelect one of the syllabics of a word and to
subordinate the others to it. The word rabbit
would now be represented as follows:

fi9]? . Vl
/ : /: AN
€1 L €2 e
I by ! !
i P ! |
i 1 ] ! 1
r 2 b ;4 t

At this point we need to introduce a theoretical
distinction which is going to be crucial to

21 -




O

ERIC

Aruitoxt provided by Eic:

the rest of our argument. If there is an arec
leading from a particular node (say C;) to
anotlier node which is higher in the tree (say \A%)
without there being any intervening node between
them we shall say that ‘the lower node is dependent

-on the first one. In the caee of [19Y C3, Cz,

Vy depend on Vi3 C3 and €3 depend on V2 but
C3 does not depend on Vy. If on the other hand

- there is a path leading from a particular node

to a higher node (irrespective of the preseénce of
other nodes on this path) we shall speak of
subordination. .C;, Cz, V2, C3 are therefore all
subordinate to V1. Having equipped ourselves
with these theoretical tools we can now turn to
our French problem.

I have suggested earlier that it might be prefer-
able, until further evidence is found; not to
allow interlocking syllables in French. A
medial consonant- (whether part of a cluster or
not) will belong to one and only one syllable.

If we take for example the word cerceau, at the
level of derjvation in question, its phonological
representation will be /serso/. It will then

be bracketed [,sar]il23s0]; {or $ser$so%, if we
wish to keap t%e same symbols). If ve now

choose to represent phonological words by means
of dependency trees all French words will

appear as a series of disconnected graphs. The
word /serso/, to use ‘the same example, will
appear as [20]:

[20] Vi Vs
€11 €2 C3 |
L B T
N oo
5 a F 5 [ =]

FIN ADJ [R15] will operate at this point and 7
convert /serso/ into [ serso], since the bracketing
of the word indicates that the first syllable

is closed and therefore that the environmental
conditions for 15 (b) are met. Until now it
could be said that the use of dependency trees

is nothéng other than a notational variant of a
traditional stiuctural representation. This i=

22
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_alse, at least at first sight, true of the

contentious examples of [9] (e). Let us take
the word guerre, its "phonemic" structure is

"#gers/ and according to the criteria mentioned

above for the division into syllables it must
be bracketed as [1g98]1 [gfa]zi Tha dependency
tree corresponding to this is:

v

[21] V1 2
VAR A
Qo G |
P Lo
q o roe

The situvation seems in no way improved. Why
should there be a lowering of the first vowel in
this particular configuration. But notice that
guerre is stressed on the first syllable, and
that the second syllable is unstressed. In
other words, we need, according to the conven-
tions established, to subordinate the less op
non=stressed syllabic to the stressed one:

(22] V1,
: 'ffgl S~y .
cy 1 oey 12
: Voo
i i 1 ]
g e r 2

A cursory glance at [22] reveals some connection
between C, and V33 there is a path leading from
Vi te C3. The same is true of the other words
of {91 (&) which are all stressed on the first
syllable. As we said above, when a segment (eg
€1 in [20]) is directly dominated by the
governing element we will describe it as a
dependent slement; if it is simply dominated

(ez Cp in relation to V3 in [22]) walwill speak
of gubordination. We could therefore propose,
ingtead of FIN ADJ, the following tentative rule
(handling as typical cases [20] and [22D:

23
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[23] A [<high,-low] vowel segment becomes
[ ¥lew]in the context of a right-hand
side dependent or subordinate consonant.

This formulation would correspond to the
intuitive feeling that in words 1like pleure, *
gudtres, autre the consonant(s) somehew belong
to the first vowel in spite of the syllabie
‘structure. But it is also the case that, if
we compare the rlghfﬁhﬂnd side environments of
the cruecial vewels in [20) and [22], another
generalization is possible: beth Vi's have a
dependent element (in one case a consonant, in

the other a vavel) to the Figﬁt. In consaguence,

[2u] A [-high,-1low] vaﬁel segment becomes
[ 1w ] in the context of a right-hand
side dependent segment.

We Pg & now fourdd @ rule that covers all the cases
of {9], (b) and (e) without treating [9] (&)
48 a set of exceptions. This rale is undeniably more

nSightful and s;mpler than FIN ADJ, althaugh
such complex machlnery is perahps nat justifled
by the generalization we were looking for. I
would accept this critiecism and hope that the
—examination of a wider range of data will help
to clarify the issue,

Before I clese the discussion, I would like to

look back to the words of [9](c). The reader

will have noticed that gll of them have a schwa
in final pesition. It is not impossible,
hosever, to find examples where the neutral vowel

is not final:

[25] aigrelet, osselets

réverie, sgnﬁefle, pleutrerle

In Southern French the neutral vowel is niever
dropped in: that position. The examplee of [25)
would be phonetically realized as:

- [26]1 [egreie], [osele], [formetsudn],

[stremn]. [saleminl, [reveri], [san-ri]
[plmfrarl]

24
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The words of [25] are all Eamg gsed of a stem+
/e/ + a derivational suffix.l According

to Schane's convention (1968) pp 62-3, they
should all be stressed on the suffix. Buf the
stem of these wvords must also be sfressed since
the [@] of seulement and the [e] of
formellement are Tgsued respectively from /o/
and /a/: ronting takes place under the
influence of stress. We could therefore put
forward the following informal rule:

{27] When the suffixes -let, -ment, -rie, -ron
are added to a stem plus /s/, both the
suffix and the stem ars str&ssed.

Rule 27] will enable our new formulations of
FIN ADJ (ie rule [24]) to operate. But the
fact that [#] is pronounced in this position
in Southern French has some unfértunate
conseguences, A word like fo 1 n
aceording to [27], must be stresse

(28] 0 1 01
formellement

But it is clearly undesirable that the first
vowel in [28] should be as unstressed as schwa20

18. I have been able to find only one example

~——that~was clearly-not-derivational;-namely
célerl [5alnrl]

20. It may be nbﬁe:teﬂ that it is , in any
case, midleading to spgak of stress when
all we are dealing with is different vowel
qualities. Such an abjeetian is based on
the premise that stress is only associated
with positive properties (eg loudness).
There are reasohs to doubt that-such a view
is correct: see Chomsky (1968), Ch III and,
within a "functionalist” framework, CGarde
(1988), pp -57-66.
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The difficulty we are now encountering is that

~ of dealing with stress at the low=phonatie level.

Schane has convincingly demonstrated that since
many of the phonological changes are a
consequence of stress, stress placement has to
be a relativelv high-ordered rule and must, of
course, apply at the underlying level.

There is no one-to-one correspondence between
stress at the (morpho-) phonological level and
stresg at the phonetie level where the last
syllable of a word (unless a schwa follows)
must be accentuated. But it is arguable
whether stress is a property of words as such

“at the phonetic level. It iz indeed true

that in citation forms the last syllable of
a word is always stressed. But this rule is
only a subset of all the rules that operate

at the utterance level. Another rule is,
for example, that in NP=VP eonstructions, .the
last syllable of each phrase is stressed.

Natal'ie dorm'ait, 12 vet'ite dorm'ait, but

Ia petite f'ille dorm'ait. To allow the
operation of these rules some of which have a

clear syntactic basis, we could sugpest the
following convention:

[29] At the low-phonetic level all tense
vowels are stressed.’

A word like formellement would, first of all, be
stressed in accordance with Schane's rule and
appear, let us say, in the form (28], [29}

which is a very late rule, would convert it to [30]:

[30] 1 1 01
) formellement

Add [30] would be the input to the stress-_
assignemnt rules at the utterance level. If it
happens to be given in its citation form, the
last syllable will be stressed (by convention
all other stresses are reduced by 1)1

(31] 2 2 0l
Y formellement

On the other hand in [32], in a NP-VP construction

formellement has the same stress contour as =
[307] except that all the atrecses are reduced by 1.

26
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[32] 2 2 2 2 1 2 2 bz 2 2 10

2
La contestation est formellement interdite.

The advantage of [29] is that it sdlves the
Fuzzlingrprablem of the stress structure of
f2g], and that it allows rule [2u] to operate
should we discover more and more examples 1ike
celeri which de not conform to the morpho-

iogical pattern of [25]. The reader may
perahps think that at the end of the exercise
things are not all that simplified, but as

P. Anderson put it: "I have yet to see any
problem, however complicated, which when you
looked at it the right HSI, did not become
still more complicated."?

21.  Quoted in Katz (19722, p 56.
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APPENDIX

In some ngpzets our deseriptiaﬁ may appear
French. If we assume that Southern Freneh
has the same underlying structure as
Standard French, and there is some evidence
that thie assumption is correct, then come
of the low-level phonetic realizations are
directly specified by the morpho-phonological
rules. For instance, to acecount for:

clarté - clair; solitude - geul

low  haek 1 2] ]
E:bgz‘;é% t-back ]/f['iéifgss]

In that case clair and geul would appear as
[kter] and [ s=f] without having to undergo
our rule [15] FIN ADJ. Observe howaver that
the first vocalie segment of salitude,
specified as [ +low, <back, +round, -

anse ]
in the underlying representations would
1atgr havg to be alsed ;n the aceent ;n
[gqlltudaj “The ra;sing gnuld ‘be trigggred
off by the faet that /a/ is, in that case, in
an open syllable. The same is true of a word
like hén;r, whose morpho-vhonological
representation is /Jtenir/ (in order to
account for /bjE/ under stress), but the
first vocalic segment of which Hauld appear
as [e] at thg phgnetle level. All these

But notice that FIN ADJ i

is needed to e the [&] and (o]
alternations that we find in ex amples like
espédrer - egpdre ~nd got - Eﬂttisg = sotte,
all derived fr= -2 underlying, /E/ and /0/.
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And if we take Schane's symbols seriously
these must be [-high, =low, +tense]. {See
Schane (1972), p.346). In the sname way if

we coneider the alternation altitude - haut -
haute, pronounced [altitydel[o]lote] in

our accent, the [2) of haute will have to be
derived from /o/. In other words, once

again FIN ADJ will have to operate. Our case
is therefore strengthened on the prima facie
evidence of these examples, since we now need
to specify the two environments of [10]

(ie closed vas. open syllables). The introduction
of syllables on grounds of naturalness and
simpliéity appears as even more degirable.

I have also left aside the problem of the
formalisation of the dependency rules. A
possible symbolic representation of rule ]
might be (where "—=—" indicates striect
precedence and " =——3 " is the oriented
dependency relatien):

sp: [+voe . [+voe
-cons <t ! ~cons
+sy1l| << [+segment]; | +syll —=} [+segment]
-high * |-high [T
=low =low |

sC: [#vee
-gons _
45y1l| ——3 [#low ]
=high
=1l

("Strict precedence" is not to be interpreted
as "comes immediately before" but in oppositien
to "precedence" =—_.) (For further details
see Anderson and Jones (1974)).
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oN THE ROLE OF NOTATION AND THE ORDERING OF
RULES ‘IN PHONOLOGY

The fgllcwlng marphanhﬂnemlc alternatiens
obtain in standard Eastern Catalan:

T ‘Mase - Fem )
’ ging ol sing P
/sant/ "saint" [san] [sans] [ sénte] [ séntes]
/kamp/ "field" [kam) [kams] [ kempét] [ kampéts]

(masc. diminut.)

/biank/"white" [blanlltians] [bildnke] [bldnkes]

/srt/ "tall” (a1l [als] [4ite] [Bl1tas)
tkurt/ "short'  [wur?! [hkurs? [kirte] ([kirtss)
(2)  Masc ~ Fem

sing ol ging _ ©l

/san/ "healthy" [sa1 [ eans] [ séns) { s&nes)
fprim/ "thin" [primi{prims] ([prime]} [primss]
In order to account for these data, the follow=

ing two rules have been suggested (cf.Lleds
1§70: 29; Brasingten, 1973: 25: Roea, 1975: 5k, 56):

(3) |+coronal| — g /1 _ #
+masal

(1) [ +obstruent “+consonantal] ,
=gontinuant o, —obstruent |__l#
aanterior —> # ! laanterior {s }

fcoronal gcoronal
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These two rules muat stand in a counters
feeding relationship, as illustrated in (5):
(5} /¢ sant £/ ("gaint")
rule (3) —
rule (4) ¢ san #
[ 2an] {"saint")
Derivations like that in (&) must therefore

be avoided:

(6) =
rule (4) £ sap #
rule (3) £ =a £
[sa] ("healthv")

Counterfeeding relationships are achieved within
the standard model of generative phaﬁala?v by
means of extrinsic ordering. The principle

of extringsic ordering, however, has been
challenged recentlv, and models of intrins
ordering and free rule application have bee
put forward to replace it.

Kisseberth (1972) 1nearpgrates Kiparsky's
diachronic simplicity metrie inte a synchrenic
model, Rules are thus ordered in such a way

as to become "maximally transparent” (ef.
Kiparsky, 1371: 623) where "a rule A#B/C_D

is opaque to the extent that there are surface
representations of the form (i) A in
envirenment ¢ D, or (ii) B in environment
other than C _ D".(Kiparsky, 1971: 621-622).
In the case in hand, the :aunterfegd1ng ordering
of (3), (W) will generate the opaque form
[san], "whereas the feeding order predicted by
Kisseberth's model will yield the wrong surface
representation for /sant/ ("saint").

The problem-is posed by the actual existence of
opaque rules, ie "rules that do not apply

to certain phonetic structures meeting their
struetural description or that do apply even

though the context which conditioned them is

not present in the surface" (Kisseberth, 1972: 12).
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The solution proposed by Kisseberth lies in
the incorporation of global conditions into
the general prineciple of minimisation of op-
acity. Along these lines, global condition
{(7) ought to be added to rule (3):

(7) provided that ne segment between the
nasal and the boundary has been deleted
by the operation of another rule.

{7) will now block in derivation (6) the app-
lication of rule (3) after rule (4), which
deletes the stop that fellows the nasal and
precedes the boundary in the underlying
representation. Thus the combination of rule
{(3) and global condition (7) makes it
possible to maintain intrinsic ordering for
the Catalan rules (3), (u).

While Kisseberth's model does produce the
correct output in the case under analysis,

I shall not adept it here. The reasons for
this are twofold. First, the extent to which
the use of global conditions differs from
traditional extrinsic ordering is debatable.

It seems quite clear that the incorporation of
(7) into (3) is tantamount to imposing the
condition that the application of (3) has
priority over that of (4), ie to the
introduction of an extrinsic ordering constraint
on the application of these twe rules. This

is also the view of Dinnsen (1972: 1u):
"the derivational history specification serves

no other purpose than extrinsic ordering

would in the establishment of the counterfeed-
ing relation. Given this, it is totally
spurious to maintain that derivational history
permits the abandonment of extrinsic ordering

in any real sense”. Kisseberth himself seems
remarkably elese to this opinion when asserting
that "rule ordering is a way of encoding such
facts [ counterbleeding relationships, IMR]

about the derivatien ... €lobal conditions

will generally be able to deal with cases

where rule ordering is a device encoding .
derivational historv" (1972: 18). : i

The other reason for the rejection of Kisseberth's
model lies on the faet that neither the )
prineiple of minimisation of opacity rior global
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conditions ean account for mutually bleeding
felatlanshlns, Extrinsic ordering must thus
be kept for this subset of rule relations,
even if under the new name of "prierity
statements”, As Dinnsen points eut, such a
model made up of the principle of minimis-
ation of opacity complemented with global
conditions would be interesting if it made the
claim that the relationships it eannot define
(ie mutually bleeding) do not exist in
natural laﬁguageg. This, however, is not the

case, and extrinsic ordering cannot be
dispensed with (ef,Dinnsen, 1372: 15).

Koutsoudas, Sanders and Holl (hereafter KSN)
have recently argued against the existence af
extrinsie rule ordering. Their basic principle
is that "each rule simplv applies to every

ion that gatisfies its structural
3) As must he valaus.

to the feﬁfgsentaflan Ebfalﬂed after the
application of (&) to the underlving form.

we must now go back to the ordering statement
made by the authorsz mentioned at the beginnine
of this er, namely that rules (3), (4) stand
in a relation of eonjunctive ordering, the
application of (3) takine precedence over that
of (4). It must be recalled at this peint that
EH fQVﬁuf dlsjuﬂetlve EVEP can]unctlve QTﬂEFlnE.

su;hra way asrta maximise d;s1unct;ve nrdering
(1968: £3). Note that it is the claim of
generative phonology that there exists a

]
C
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correlation between the formalism and the
expression of true and signifiecant linguistic
generalisations, and that this is subject to
empirical verification. Great emphasis is
iaid on this matter all through The Sound

tern of Engli the formal devices used
for phonological description must "permit us to
formulate general statements about the language
which are true and significant, and must provide
a basis for distinguishing these from other
generalisations which are false, or which are
true but not significant” (CH,1968: 33003
and "when we select a set of formal deviess for
the constructien of grammars, Ve are, in faet,
taking an important step toward a definition
of the notion "1inguistically gignificant
generalisation’. Sinece this notien has real
empirical content, our particular characterisation
of it may or may not be accurate as a proposed
explanation” (ibid). Within this framework,
it is erucial te determine the true relationshiv
betweean the Catalan rules (3), (4.

(1) is’'in fact a schema standing for rules

{8) to (11), which constitute its expansion:

¢g) | +obstruent +consonantal
-continuant| , 4 -ebstruent _ ii}
+anterior ) +wanterior [}
Lfﬂaféﬁal i ' _+ecoronal

(o) +obstruent . sconsonantal
-continuant} , 4, -obstruent (#}
4anterior +anterior —_— |5
-coronal | | -coronal

(103 ] +obstruent +congonantal _
-continuant| , 4, -obstruent {éi
-anterior ’ |=anterior ]
+coronal | +coronal

{11y tobstruent j %Qansanantaiw
-continuant| , 4/ |~ cbstruent {1! ?
-anterior -anterior S ]
|-coronal {:c@ranal )




These rules are ordered dlSjunct;velv in the
sequence given above, according to CH's
definition of the relatien "precedes”

(ef. 1968: 393).

Observe that rule (10) is not a rule of Catalan.
This language, in effect, does not permit
sequences of palatal plus stov, as formalised
in the following negative morpheme structure

condition:
2> [janterior]  (-continuant)
{ +coronal
Note, for example, that loans from Spanish
comply with the statement expressed in (12):
(133 Spanish Catalan
rancho [Fanpdo] ranxo [Fanful "ranch’
gancho [oanpdol’ ganxo [aanful " rook"

The problem of vacuous subparts resulting from the
expansion of a schema is not new. CH's defence of this
type of rule l1ies in their alleged predictive power

{(cf. CH, 1968: 351). In the case in hand, this amounts
to the statEFent that, although (10) is net 2 cluded

in the phonology of Catalan, nevertheless (10) is a
possible rule to be brought about by language ehange in
the specific case of Catalan, whereas the same rule with
the values for the features "anterior" and "ecoronal®
reversed in the environment is not a: pgss*ble rule

of that language. Interesting as this is, th
jeation for the inclusion &f "possible rules
the synchronie grammar of a lanpuage is by no
obvicus. TE has been criticised for its exce
DOWET , and 1ncérparaf1ng non-existent rules 1 '
grammar to permit the collapse of actual rules int@
general schemata does not do much towards rﬂstflat;ng it.

As been said ahove, CH have put great er

the task of the grammar as be;ng the formula

true and significant statements about the lanﬁuape. The
extent to which the includgion of ghost rules like (10)
contributes to the establishment of true and 51gﬂ1f—
iecant gEﬁEPéllEEtlgne about the languape in auesfian,
however, seems debatable. The argument just put forward
parailals that ef McCawley when commenting on the
effects of "possible rules”" on the power of the grammar:
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"One who takes "excessive power'™ arguments seriously
has as his goal characterizing "phonological rule'™
50 as to include all and only the phonological

rules that the phenomena of a natural language

could demand, and the mere fact that a certain
pufatlve rule would give correct answers if incorpor-
ated in a grammar of some language does not ﬂustify
calling it a p5551hle rule™ ' {1971: 3). While
MeCawley is arguing at a more abstract level which
bears on the form of the rulez, it seems to me that
hiz line of arfumeﬁt can be ca ed over tb the case
in hand. Needlg 58 to say, CH's claim af pfed1ctive
power is
be found e 1cally justified, t

usion of vacuous rules in the grammar would be strength-
enead, althnueh t?e theoretical issue of evaluating

synchronic si v against diachronic predictability
would remain.

leen fhe d;scuss;an abﬁve, 1t can now be Efafgd fhat

Cataiaﬂ data ‘and must fhE“EfBrE be dnne away with.

The two problems to be solved at thig stage
are, on the one hand, the formalisation of
the disjunctive ordering obt ing between
rules (3) and (8) , which would make them
consistent with KSN's free ordering hypothesis,
and, on the other, the collapse of rules (8},
and (11), the matrices of which contain

t 11 features, the Sﬁeglflcaflgns of
"anterior” and "coronal” zlone being at
variance. Rule (1u) rgnlieafes rule (1) with
a more fully specified matrix: :

(14) [=voealic
+onsonantal
!gantf;uant ) / 4
+anterior —
+coronal
masal

ule (15) is an alternative to (8), cbtained

by replacing the feature "cbstruent” by yooalie”,
"eonsonantal" and "nasal” in the segment to the
eft of the arrow (I have kept the feature
ghetruent” in the envirenment as an abbreviatory
device for convenience of exposition alaone;

‘D"‘:II‘
] \I'l

2 b
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the possibility of replacing it by the three
aforementioned features is cbvious): :

(15)] -vocalic

o

+consonantal +consonantal
=continuant y &/ =obstruent
santerior - +anterior = {
+corondl | tcoronal

=nasal

(15) is a schema representing twe conjunctively

ordered rules, as follows:

(16)[-vocalic | — -
+consonantal +consonantal
-continuant . ; |-ebstruent .
4#anterior ¥ e/ +anterior —*
+coronal . | +coronal |

L_E'ﬂasal ] )

(173 =veealic _ —_
+consonantal +consonantal
-eontinuant X -obstruent -
4anterior > 8/ +anterior =
4coronal +coronal

| =nasal ﬁ B

It is now a straightforward matter to collapse
(1) and (15) follewing CH's conventions. 1In
formal notation the schema will be.as in (18):
(18)(31 wepment , +consonantal, -obstruent,
santerior, +coronal), +segment, ~vecalic,
sconsonantal, -continuant, #anterior,
+coronal, (aiﬁassl},—sezmgﬁt, B, —
(33
+anterior, +coronal),g, -segment, +VB:

+segment, +consonantal, =-obstruent,

aj = a3 and a1 # a,.

More informally, (18) can be represented as (12):

(19) . oz
‘consonantal
, =obstruent
santerier - ¢ /L anterior } —
| +corenal Vfiﬂarﬁnal
~anasal
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The expansion of schema {(1%) is precisely
rules (14}, (16}, which new stand in a

disjunctive pelaflanshlar

Schema (8), now broken into schema (12) and
rule (17), cannot be collapsed with schemas
{3) and (11).  The collaose of these two
schemas, however, is straightforward:

(20) [+obstruent sconsonantal
: =continuant| . ;| -obstruent ]
aanterior ,’ $/ aanterior {5]

-goronal -coronal

All the processes illustrated in (1), (2},

are now accounted for bv rules (18), (17) and
(20). While there is an obvieus loss of simplic-
ity, it could be argued that the new miles. are
well ]gstlfled On the = ne hané rule (4) expre

\I‘ll‘
]

aﬂslleatlan and are tFEFE!H-e a§n51stent with
3 by KSN. While

respect to
s;e arderlﬁz ig far

Catalan apparent éauntEfexample of counter-

feeding illustrates the crucial role of not-
ation in generative ohcnology.

January 1975
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EHC

Carol Riordan

"The individual muscle fibre mav be considered

the structural unit of contraction. The amount
fhe whole muscle can contract depends on the
*maximum contraction of its contractile units,
ie. its individual fibres" (Fromkin and
Ladefoged 1966, 222). Due to the extenzive
branching of thg axon, a single nerve lnngrv—
ates a number of muscle fibres. “The term 'motor
unit' includes together with the muscle- fibres
innervated by the unit, the whole axon of the
motoneurcne from its hlllagk in the perikaryon
down to its terminals in the muscle”
{Sherrington 1925, 519). The muscle comprises
such motor units. The number of individual’
fibres may vary from muscle to muscle. Further,
the “"innervatien ratioc varies from 1:3 (one
motor fibre innervates three muscle fibres) in
extrinsic eye muscles to 1:150 = 1:200 in some
leg muscles (Eyzaguirre 1969, MQ) Not all of
a muscles' fibres are 5t1mulafed at once.
Var;atiaﬂs in movements - in thelr range, force
and tvpe - are ultimately determined by
differences in the interaction and collaboration
or motor units" (Bredal 1969, 123). A
minimum leoad activates the most excitable
fibres, ie those with the lewest threshold to-
stimulation. As the stimulus strength increases,
fibres of lower excitability (higher threshold)
are recruited. A further charaeteristic of this

: recrultment, "+he unit which was first to

appear in the cantragtlan iz the last to
disappear: and vice versa, the unit which
ocecurred last is the first to stop discharging"
(Brodal, 1969, 124).

The basis of the excitation of musele fibres
is the biological membrane separating the intra-
and extracellular fluids. Katz (1966, 42)

describes the differing electrolyte content of

liéz;
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‘the eell and of its external medium: "Dﬂ the

outside the major ionic constituents
and chloride; inside the cell these ions amount
to less that 15% of the electrolyte balance.
Sodium is replaced by potassium which is acc-
umulated to a concentration 20 to 50 times
higher than in the external fluid". The resting
state of the cell sees a cartain balance main-
tained between.the two substances. On the one
hand, there exists an equimolarity of the inside
with respect to the outside; that is, the
number of partiecles on both sides of the
membrane are approximately egual. A second
property is electriecal ﬁeutrallty: the number
of positively and negatively charged ions on
either- side of the membrane are about equal,

The ionic composition of these solutions is the
basis for certain electrophysiological phenomena.
Speéiflcally, "electrical potential differences,
in general, appear at the boundaries between

twwo electrolyte solutions if there are ions of
different mobility or concentration on either
side" (Katz, 1966, 48), In this'-case a selective-
1y permeable membrane is placed across the
baundary This surface_struecture behaves as an
ioniec barrier to restrict ionic movement, ie
independent mobility of ions. The derived
potential difference is coloured by the presence/
absence of such a chemically dlffergntlaflng
membrane. Further, the "sign and size of the
p.d. (potential difference) across the membrane
is determined by its relative permeability teo
the pr;nc;pal argaﬁlz ions, sodium, nﬂtasslum
and chleride" (Katz, 43), The potential differ-
ence found in the resting cell is a diffusion
potential. It is a secondary consequence of the
"utilization of the metabolic enersy supplied

by the cell for the purpose of expelling sodium
which has leaked into the eell and heluing to
accumulate potassium in the interior". The
maintenance of this resting or membrane potential
results from the faet that "the resting axon
membrane has a much higher eonductance for =..
both potassium and chloride ... than for sodium”
(Katz, 67-8).

In .the active state, the NA* ions in abundance
ontside the cell take advantage of concentration

44
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‘and electrical gradients and permeate towards
"the cell interior. -The regenerative entry of

sodium effectively produces an all-or-none
response once the threshold potential has been
exceeded: "At this point the membrane passes
through a state of unstable equilibrium" which
may lead to a larger potential change, the
action potential or spike. Onece elicited,

this "transient self-amplifyinz potential
change ... propogates along the whole length
of the fibre at constant velocity and without

attentuatian af 51zn§1 sfrengfh. It leaves

which the fibre is unable to carry a secand
signal. The system iz ready to be refexéited 7
and fire another propopated impulse" (Katz, 38).

Musecle cells, therefore, "respond to stimulation
by irritating chemical processes which change
the configuration of the cell” (CGrossman 1967,8).
Once stimulus strength is suffiecient (the eleats
rically unstable ignition point of the system)
an action potential is produced. It is this
"displacement of the resting membrane potential
in the direction of depolarization which is
invariably the stimulus which starts the chain of
events leading to the development of tension and
to muscle contraction” (Katz, 161). The stim-
uli for muscle activity are the consequence of

a chemical transmission ag:ur;ng - the neuro-
muscular synapse. A synapse is defined as a
"funetional contact between two excitable cells
whosze cytoplasms are enclosed within separate
membranes (Katz, 97). In the case of neuro-
muscular junctions, the continuity of electriecal
transmission across the structurally isolated
nerve and muscle fibresz is established throueh
the fglease by the nerve of a chemical trans-
mitter in sufficient quantities to stimulate

the musecle fibre. This "chemiecal 'mediator',
agetylcholine, is secreted from the termiﬁals,
After being transferred across the synaptic
cleft ... this substance produces the required
local depolarization (and plate potential) of
the muscle fibre” (Katz, 121). It is this
depolarization which, if of sufficient amplitude




{ie the threshuld of the fibre), trigpers the
self-reinforcing action potential. Altheough
the response of the individual fibres is an
all=or=none affair, the contraction of the
whole musele.can be sraded. This is achieved,
in part, though the synchronie neural exc
ation af a greater (or fewer) number ¢f f;bres,
commensurate with the opposing load. The frequency
of motor unit discharge is also an expression

of stimulus strength (to the limits defined by

the restoration factor of excitation). The
operation of these two strategie the number

.of available units innervated and their firing
frequency - differs for varying degrees of
veluntary effort. Fromkin and Ladefoged (1966, 223)
report that at low levels of musele action "the
1mpuise rate of the individual active motor

units is a gagd measure of the force being

ﬁraduﬁed R but at higher lavels, the degree

a more ;mpartant factor.” The f;ndlnzs of )
Kugelberg and Skoglund (1946, 119) are cited in
this reference: .

“"The initial frequencies of the motor
units associated with slipght depgrees of
voluntary contraction range for the
most part between 5 and 10/s, the
frequéncy of the unit discharge increases
with increasing Eﬁﬁtrattlan up to a
maximum of .about-30 - 50/s, the initial
frequency for each new unit is, as a
rule, lower than for those already
invelved, but with further increase of
the eantracflaﬁ the new unit soon
attains the same maximum frequency.'

The electrical activity of muscles can be reecorded
both intra- and extracellularly. "Electromy-
ography is the reglstratian of muscle aetion
potentials (which) give information as to the
state of the muscle and indicate the aectivity

of the motor neurons in reflex and valuntafy

Euntraﬁtlau" (Buchtal 1957, 9).

A fibre diameter of 10~100u in vertebrates
allows for the insetion of a minute electrode
into the muscle fibres in the case of intra-
eellulap recording. An electrode within a
resting muscle fibre reveals a potential differ-
ence across the surface merbrance of 90mVY.
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During excitation, the waveshape of the action
potential is=s manﬁphasic, and has an amplitude
of the order of 80-120 mV (Evzaguirre). In
extracellular recording (to which the term EMG
will refer in this paper) "the electrode

picks up the action potential as it is conducted
thruugh the medium which surrounds the aetive
fibre" (Buehtal, 9). Positioning of the
electrodes outside the cell results in a biohasiec
action potential: the continuous movement of

the signal source (impulse) causes a situation
whereby the first electrode becomes negative

and then positive with regard to the other.
Further, withdrawal of the electrode from the
fibre reduces the amplitude of the spike: "The
impedance of the external medium is "small as
compared with the impedance of the fibre interior
and hence the valtgge of the extracellularly.
recorded potentials is maximally only 2 to 10%

of the intracellularlv recorded potential
changes” (Buchtal: 10; see also Katz, 1966: 28-30).

The muscle gztia pgtgntial during veluntary
contraction revealed bv extracellularly recording
"represents a summation of volume econducted
astivity from many muscle fibres belonging to

the same motor unit” (Buchtal, 12). Both the
duration and the maximum voltage of the potential
resulting from this summation are greater than
that of a single fibre. Buchtal (p.12) reports:

"The greater duration is due to the faet
that the points of pluse initiation
for the different fibres are scattered
throughout the' above mentioned innerv-
ation zone (motor unit). The
component of the motor unit potential
which hae the largest amplitude, the
spike potential, arises from a small
fibre group near the electrode ("sub-
unit, 20-30 fibres), while the majority
of fibreg of the motor unit contribute

to the more protracted initial and term- °
inal parts of the potential”.

Under conditions of weak contraction, the single
‘motor unit potential can be discriminated. As
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maximum eontraction is approached, however,
potentials are recorded as an interference
pattern of the activity of various fibres in
the same motor unit. In this case, the number
of differant moter units being recorded
simultaneocusly makes identification of the
individual unit unreliable.

The duration of the single unit potentials

may be defined as "the time interval between
the initial deflection from the base line and
the point at which the terminal deflection
again returns to the baseline” (Buchtal, 15).
The duration of potentials varies from musele
to muscle, but is the same for both increased
and decreased contractile force. The amplitude
of the recsrded potential is influenced by

many factoers. In the first place, the structural
characteristics of the muscle are important
here: (1) All else being egqual, the greater
the number of fibres per motor unit, the larger
the spike (Fromkin and Ladefoged, 226);

(2) A fibre with a low resting potential will
have a comoarativelv small action votential
(Evzaguirre, tl): and (3) "there. is a dis-
eontinuitvy in the rate of decrease of the
armplitude of the recorded spike when a muscle
boundarv or septum 1ntervenes between the ‘motor
unit aneé the electrode; in these eircumstances,
the potentials recorded are of an order of
magnituce szaller” (Fromkin and Ladefoged, 224).
FurtHE“ t%ﬂ arﬁlltude gf the EElkE varles

rgspg:f tg the active motor unit 51gﬁ;flgant,
but “it has been shown (Bauwens, 195: Buchtal,
Guld, and Posenfalck, 1957: Peterson and
} 12459) that the size and type of
device effects the duration and amp-
! the recorded action potential
(Ibids Z28). The complexity introduced into
the recorded potential due to the effect of
neuronal, zuscular and electrode transmission
must be accounted for in any hypothesis as to
the relation of electromyographic data to
muscle activity or to higher systems of
organization. The possibility of much an

) \%
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aceount at present will be developed shortly.

Motor unit potentials.can be recorded from
either surface of needle electrodes. The
selection 'of one particular method depends, in
part, on the ipeation of the signal source.
Insofar as each precludes the prescent of
certain information in the mvogram the nature

of ‘the sampled activity is a further consider-
ation. . The signal recorded by surface
electrodes represents "the integrated potentials
caused by the electrical disturbances in a

large ... myscle mass” (Bauwens 1948: 136). The
trace "appears as a continuous positive and
negative variation is potential in which the

action potential of individual units ean no
longer be distinguished” (Lenman 1969: 849).
On the other hand, needle electrodes ebtain
"samples of electrical disturbances in a verv
restricted volume of the tissues" (Bauwens
1948: 136) wherein spikelike traces can be
discriminated. Further, both mono- and bivolar
recording is availablel tonopolar surface
electromvography records action potentials
with one of a pair of electrodes over active
tissue, and the other over an inactive area.
In the ease of bipolar surface electrodes,
both are positioned over active tissue. A
typical example of each tvpe of needle elect-
rodes is described by Buchtal (p. 19):

1. Buchtal also desecribes multielectrodes and
conecentric needle electrodes which he has
used. 1In the case of the former, gix or
geven different leads are contained at a
distance of five to ten millimetres in a
cannula to "facilitate simultaneous rec-
ording from a number of points at known
distances from-each other and give a well-
defined measure of the spread of synchronous
activity" (p. 19). Concentric needle
electrodes reveal a pateﬁfigl_geagufad batween
the end of an insulated wire and the '
surrounding cannula. (as indifferent electrode).

A9
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“The bipolar electrode consists of twe ‘
platinum wires insulated from each other
and from the 0.65 mm steel cannula in
which they are placed; the potential

is measured between the two end surfaces

of the platinum wires which have a distance
of 0.5 mm between the centres af the
leading-off areas.

"The unipolar electrode consists of an
‘insulated metal needle; the potential

is measured between the tip of the needle,
from which the insulation is removed, and

an indifferent plate electrode on the skin.”

In bipolar recording, the receptive field is

- pestricted by differential amplification,

wherein signals common to both electrodes are
cancelled. Consequently, "the greater the
distance the signal source is from the electrodes,
the greater the degree of cancellation, since
differences in the amplitude and arrival time
at each electrode will be minimized" (Hanson,
Sussmaﬁ, and MaeNeilage: 1971, 2-3). Further,
it is reported (p.4) that the "eanecellation of
low amuiltude initial and final phases and, more
imuaffaﬂtly, on the directionality of the
receptive field of the bipolar electrodes”
prﬁduces a potential of about 50% shorter
duration than the monopolar potential

recorded simultaneocusly. Findings on the
amplitude relationships from monopelar and bi-
polar derivations are reported in Mansell

(1972, Ch. 6).

The original hypothesis as to the aporopriateness
of EMC for the study of speech ﬁraduetlan/nerﬁeutiﬂn
ineludes an assumption as to the role of motor
commands in artieulation. Specifically, what is
suggested is that the phenomena characteristic to
the level of motor commands are "in striking
contrast to what is found at the acoustic level';
namely, "the EMG potentials - and even more the
moter commands inferred from them - bear a simpler
relation to the pEFEE;VEd phonemez than does: the
acoustic signal” (Liberman et al 1967, u451).

In other words, an invariance of matat commands
was presumed - a hypothesis as to the extent

to which there. exist simple correlations betueen
component gestures and phonemic units {Cooper
1965, 166). Implicit in such a hypathes;s is
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an assumption as to the level and nature af the
encoding of "phonological units (which) are
discrete, invariant and timeless (into)
articulatory and acoustic events which are
continucus functions of t;me (Mansell, 25).
The "working.hypothesis” of EME put fgrth by
Cooper (1965) and his colleagues at Haskins

. Laboratories (see Liberman et st 1962, 1965,
1967: Cooper et 'al 1958; Harris et al 1965;
MacNeilage 1963) suggests that "a substantial
part of the restructuring oeccurs below the level
of commands"”(Liberman et al 1967, u51), ie
below the level of EMG. The viabxllty -of such
.a hvpothesis can best be examined in the
context of the model of speech productien it
1mplies. Liberman et al, 1967, will be the
primary source for this expnsitien (see

alse the abeve references for a similar
adcount). The schematic account of this model
is presented here as Figure 1,(p.48).

The input to the phonological phase of speech
nraduetzsn is assumed to be a 5yntazt1eallv=
defined strueture meeting all eonditions for
nhgﬁalng;éal interpretation (ie as would be
deternined in TG by the labelled bracketing of
surface structure, lexieal recresentations, and
readjustment rules: Chomsky and Halle 1968).
The form of this input structure is a string
of phonemes, or, more specificallv, the
complex of featuﬁgs definlng each af such

. segments.

The simplest of speech production models wauld
agsume that "sets of subphonemic features ...
exist in the central nervous system as implicit
instructions to separate and independent bparts
of the motor machinery" (p, 4u7), This is not
to implv however, that even in the simplest aof
models all instructions are menotypic (p. 447):

"ThéSé instruetiéﬁs might be of two types,
"on-off" or "go t ... In the one case,

the affected mus:le would contract or not

with 1ittle regard for its current state

(or the position of the articulator it
moves); in the other, the instruetion would
operate via the yefferent system to determine
the degree of contraction (hence, the final
position of the articulator, whatever ity
initial Basltlan) Both types of
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instructions - appropriate, perhaps, to
fast and slow gestures, respectively -

may reasonably be included in the model .

Suech a "sequence of neural commands corresponding
to this multidimensional string of control
instructions’, may yet require certain "ampli-
tude adjustments and temporal coordination ...

in order to yield the neural impulses that

go directly to the selected muscles of articulation’
and cause them to contract ... and supplementary
neural signals to insure cooperative activity

af the remainder of the articulatory apparatus"
(p. 447). BSuch a conversion would occur at

the level of Neurometer Rules. However, any
reorganization of instructions which may oceur at
this level is limited. Indeéd it is a necessary
condition for this model that "there would be no
reorganization of the cormands to the "primary”
actuators for the sslected features ... (hence)
the neural signs that emerge would bear still an
essentially one-to-one correspondence with the
several dimensions of the subphonemic

structure” (p. 4u47).

The conversion from neural command to muscle
contraction is mediated by Myomotor Rules (p.u7).

“If muscles contract in accerdance with the
signals sent to them then this conversion
should be essentially trivial, and ve
should be able not only to observe the
musecle contractions by looking at their
EME signals, but also infer the neural '
sipgnals at the preceeding level”.

That this implication does not receive any addit-
ional substantiation within the model will be
commented upon later.

It is at the next level - the conversion of muscle
contraction to voeal tract shape - that the
occurence of the considerable restructuring
(encoding) evident in the“acoustic waveform
is predicted. This complex relationship is
determined by both spatial and temporal overlap
of voeal tract configurations due to the struct-
ural and functional idiosyncracies of the
articulatory apparatus {see Ohman 1967).
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The final conversion is from "econtinuously

.— changing-shape to a modulated acoustic strean'
{(Liberman et al 1965, 1.12). This is
essentially the predictable one-to-one
correspondence on a moment-by-moment ba sis as
described by Fant (1960).
The crucial issue for a speech production model
is clearly the level at which phonemes are
encoded (restructured) in the sound stream. In
fhlE mudel thg magcr eneaﬂing process occurs
ural cnmplexlty, the so-called Arti:ulatary ‘Rules.
Below that level, ie Acoustic Rules, no
encoding appears involved. With reference to the
encoding on levels preceeding the Articulatory
Rules, Liberman notes({ p. U48):

"But what of the upstream conversion,
particularly the one that lies betwean

the neural representations of the phonenes
and the commands to the articulatory muscles?
We canndt at the present time observe thesge
processes, nor can we directly measure their
output - that isg, the commands to the muscles.
We can. hﬁueVgr, observe some aspects of

the contractions ~ for example the electro-
myographic correlates - and if we assume,

as seems reasonable, that the conversion
from command to contraction is straightfor
ward, then we can guite safelv infer the )
structure of the commands. B determining
to what extent these inferred commands (if
not the electromyogravchic signals themselves)
are invariant with the phoneme, we can, then,
discover how much of the encoding occurs

in the conversion from contraction to

shape (Arti uiatary Rules) and how much at
higher lavelsg"

Assuming such a "trivial” conversion from neural
signals to contraction, the nature of these
commands can then be predicted (p. 4u48):

"For commands of the on-off type ... we
would expect muscle eontractions = and EMG
potentials = to be roughly proportional te
commands; hence the commands will be
mirrored directly by the EMG potentials
when these can be measured unambigugusly
for the muscles of interest.
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“"Commands of the "go to" tvpe would presumablv
operate via the efferent system to produce
only so much eontraction of the musecle as

iz needed to achieve a target length. The
contraction ~ and the resulting EMG signal -
would then be different for different starting
positions, that is, for the same phoneme in
different contexts. Even so, the signifiecant
agpect of the eemmand can be inferred, since
presence versus absence and sequential
position (if not relative timing) of the EMG
signal persist despite even large changes in
its mapgnitude".

Varioeus EMG findings are reported as implicating
the claim that "motor commands ... are more nearly
invariant (with phenemic units) than are the
acoustic sipgnals" (p. 451).

"When two adjacent phonemes are produced
by spatially separate groups of muscles,
there are essentially invariant EMG tracing
frem the characteristic gesture for each
phoneme, regardless of the identity of the
other.” (p.u49). .

"When the temperally overlapping gestures
for successive phonemes involve more or less
adjacent muscles that control the same
structures, it is of course more difficult
to discover whether there is invariance or
not" (p.u450)

“"We ... find ... in the onsets and off-

sets of EME activityv in various muscles

a segmentation like that of the several
dimensions that constitute the phonemes" . (p.450).

It should be noted that the extent to which the
data itself does, in fact, suppért the model
outlined above appears questionable. The
validity of such an intereretation notwithstanding,
however, it is the view pounded here that

in many cases the strongest criticism which can
be aimed at experimental evidence in its
inappropriateness for the situation. In

other words, a methodologieal criticism can be
raised with regard to the realism of the

data interpretation vis-d-vis the hypothesis
being tested. It would appear more effective,
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however, to criticise the set of theoretiecal
eonstructs upon which the medel was based, ie
as to the extent to whieh it eorresponds with
something in nature.

A model is a bundle of hypotheses specifving the
relatlansh;ps between variables determining
events. It is the specification of generalized
relationships extracted from a restricted
determination of significant face, from which
predictions may result. To be more than just an
academic exercise, a4 model need confeorm to a
scientific method, offering a criteria for its
evaluation. In other words, to refute a

model on formal terms, ie that that offered
gpecifiecation of assumpt;ans was not explieit
or fully rigorous is trivial. Any mndel mast
be Expeeted to have a degi
ency, ie to spee;fv sufficient restrictions so

as to enable an explanation internally

congistent with and Jjustified by its geals. Thus,
the criteria by means of yhich a medel may be
measured is not in terms of its formal

atatement, but the extent to which the hypoath-
eses themselves may be tested. The more

chances for a hypothesis te be disproven, ie

the more tests it can be put to, the stronger that
hypothesis is, Clearly, a hyﬂafhesis which

cannot conceivably be refuted is vacuous, ie

of no use or meaning in a scientific sense for
the discipline which harbours it. Models

offer predictions about both observable and
unobservable evente. In the case of the latter,
theoretical constructs "enable us to deal with
phy51cai situations which we cannot directly
axperience through our senses, but with which we
have contact indireectly and through inference”
(Bridgeman 1927, 53) These constructs may be of
two types: thase admitting ne other physical
operations except those in its definition,

and those that do (Ibid). The testing of a model
offering predicitons about observable events
differs from that of a model whose predictions’
are not verifiable by direct observation. In

the former case, the measure of a theory is

the extent to which these predictions conform to
reality. JIn the case of unobservable phenomena,
hoever, a model cannot be rejected by measuring
its predictions with respect te factual state-
ments. What need be tested - and, therefore,
testable - are the original assumptions. Such
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a test of model weuld be to show that a construct
of the first type (limited to only these physical
operations in its definition) does in fact admit
other operations.

Two objections of this nature can be raised with
regard to the above model of: speech production.

in the first place, the validity of the constraint
on higher level reorganization may be undermined
by speech data implicating the presence of

post phonological eontrol elements. Secondly, it
has been noted that two central assumptions of

this model eoneern (1) the relation of sub-
phonemic features to neural signals, and (2) the
relation of these commands to the electromyogram.
Specifiecally it is assumed that (1) the input

and output of Neurometer Rules (ie phonetic
component) correspond essentially in a one=to-
ane fashion: (2) that the Myomotor conversion

is equally as simple: and (3) that the effects
of the propogation of aetivity along the muscle,
and of the EME recording of this activitv are,
again, trivial is nature. It should be noted
that these are Theoretical Constructs of the
first tvpe: these assumptions not only define
operations at these levels, but implv the exclusi
nature of these definitions. The extent to which
such assumptions are realistie is clearly a
crucial test for the model - one which, I would
claim, cannot be definitively passed.

ve

With regard to the first (linguistie) objection,
the introduetion of all complexity at the.
peripherv (ie Artieulatorv Rules) implies a )
“tpivial® phonetic component. Fansell (1972: 25)
has labelled such accounts "peripheralist”

since "they claim that peripheral factors in

the motor system, combined with peripheral feed-
back mechanisms ean satisfactorily account for
the conversion from discrete stored units to the
flow of speech in its acticulatory and acoustie
aspect. Hansell himgelf espouses an opposing
teantralist" ‘account, -elaiming the existence of

a control mechanism mediating between a phon-
ology and a motor system with a "power of
prediction over peripheral factors” (p.27).
Mansell offers support for such a centralist
hypothesis with speech data - collectively
referred to.azs articulatory variation which eannot
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be explained without recourse te such a control

mechanism,l

jew propounded here is in arreerment with
sell’'s roneclusion that the existence of a
ision-naizing phonetic component is a
.egsarv condition to acesunt for various
saeech phenomena. Further, I would claim that
such an aceount appears to be the more
theoretically productive of the two, insofar as
this solution may accommodate distinet soeech
data. Specifically; the goal of anv lineuistic
\eory must be not only to present a model of human
llﬁEu;StlE behaviour "eollectively”, but alseo
to account for the individual speaker’s acoustic
waveform (Kim,1966). At some stage in the speech
production mrﬁﬂess,,ther&fnre, "fixad table"
values for llngulst;a units must give way to a
s handling the phonetic vari tion
Eulsfleallv 1dent1:al waveforms.
What is iﬂﬁlled, therefore, is & capacity to gen-
erate ar infinite - yet bounded - number of
“syrface structures” from a single "deep
structure”. This surfaee form mav varv only so
far as to preserve the "meanineg” of the deever
representation, Such transformations appear to
parallel those which would be necessarv given
the ¢te of environmental pressures and
neurormuscular tendency on a speech string. In
this case. the intrinsic variability of the
universal vocal mechanism is subtect to ling-
ulsflé derands., Hence, despite idiosynecratic
ferences (and the subszeguent lack of absolute
acous+ie values correspondineg to the phonemes of
a language), the speakers of the same langfuage
are mutuallv eemorehensible., The rerulation of
suck 19lasvncfatleailvEdeterﬁlneé variation
appears to occur in much the same Wav as Mansell's
non trivial ghanetlé component. It doegs not seer

1. It mhould be noted that this is net meant to
irply that "the total neural and muscle
activity will be 1n a one-to-one correspon ndence
with the phoneme, but implicates only one or

a few compenent parts, perhaps even the
:nntractlun of a single muscle in the extreme
case” (p.1.18). Nonetheless, the underlying
assumptions remain the same. Consequently,
whether total activity or only a characteristie
component is represented, their validity is
erucial for the model.
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unreasonable to supgest, therefore ,that the
regulation of such indiesynecratically-determined
variation would involve a strategy similar

to the interpretation process of Mansell's
contral mechanism, ie a single device responsible
for the control of all aspects of speech pro-
duetien which introduce linguistically insig-
nificant variation into the speech string.
Indeed, a certain transparency of explanation
arises insofar as such a solution points to

some unifying aspect of the speech production
process.

Henece, with regard to the first point raised, there
is no a priori reason to constrain the reorgan-
izatien which occurs at the level of Neuromotor
rules. Indeed, evidence to the contrary may be
evoked to refute such a hvpothesis. The second
objection - the nature of the Myomotor Rules and
the inferences which can be made about muscle
activity from electromvorrams - is clearlv a
more basic issue for the evaluation of the
Haskins' Model, That is, should the validity of
the data provided by EMC be auestioned, the
empirical basis of this and other accounts would
be undermined.

In the conversion of neural sienals into muscle
contractions, the Haskins' Model claims that
"gignals map directly onto musecles and control
their contraetions ...: moreover, the musecular
events are observable by electromyographic tech-
nigues."” (Liberman et al 1965. 1.11). A heomo-
geneity is assumed to exist, therefore,

{1) between neural impulses and muscle resuonse,
and (2) between the initiatéd muscle activity
and the myographic display.

The effects of the recording apparatus on the
electromyogram (which clearly play a role in
(2) above) have been briefly mentioned. )
Mansell (1972) surveys the literature in this
regard and presents original experimentation
to provide a detailed account of these eonsid-
erations (sees esp. Chapter §). With regard to
(1), the relationship of muscle artivity and
the ner~ous system is described by Bauwens
(1950, 217):
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"The subject (the muscle) acquires a new
significance .., when it is realized that,
except for glandular act v and some
reactions of the blood vessels accompanying
emotional disturbances, muscular activity

is practically the only way by which the ner-
vous system exteriorizes its hidden

processes. Facial expression, twitching,
nervous tension, and even screaming are
examples of muscular activity which reflect
the state of the nervous system. The faect
that the behaviour of muscles is so intimately
related to this svstem allows the elinician to

speak of them as its mouthoieces, in the
same manner as he soeaks of the eves as its
windows."

Such a special relationship of gross museular
and nerveous activitv, however, does not imply

an isomerohism with regard to the units of each.
Partridge and Huber (1967, 1276-1277) note the
problems of EVE interoretation, its relation te
moter control notwithstanding:

"Fpom EME it is possible to determine the

pvarticipation of a specifie musele in a
particular movement ... Nevertheless, 1
not vet possible to examine an EME record and
interpret any detail of the movement

pattern resulting from that neural-muscular
activity".

The reason for this difficulty is, at least in
part, a heuristie one (p. 1277):

"The samples activity of one unit may not be
parallel to the activity of other unsampled
units in other parts of the same or
synergistic musele and does not aceount ?f

= I

all for the action of antagonist muscles”.

Beyond this, however, lies the difficulty of the
undefined relationshinp of musele input and output.
Knowledge is particularly limited with respect

to the "resvonse to the dvnamic signals essential
to movement control” (Ibid). Their experimental
findings indicate the complexitv of the input-

output relationships in the muscle ingofar as
pulse-rate alone does not determine muscle
position (p. 1287):
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"In order to infer movement from pulse rate
information under controlled experimental
conditions, three factors had to be taken
inte consideration. These are input-output
non-linearity: response lag: and hysteretic
response of muscle. To infer physiological
movement from EMG, it would seem that these
same three factors and alse the role of
synergistic and antagonistic motor units,
gravity, etc., would have to be considered”.

Ferthermere, the shape on an action potential is
also partially determined by neuronal trans-
mission factors (Hanson, Sussman, and

MaeNeilage 1971). The signal propogated aleng
the length of the axon will vapy little in
amplitude and shape. The velocity of the wave,
however, is closely related to the size of the
fibre (Katz: 91-92). Consequently, due to the

_"differing lengths and diameters of ‘the axon

terminal collaterals, the neuronal impilse will
reach the myoneural junctions of the motor

unit with some asynchronism introduced" (Hanson

et al: 1). This may be significant insofar as
these factors appear to be of increased import-
ance in the case of the particular fihre
architecture found in much of the speech musculat-
ure (Ibid).

1t appears therefore, that the assumption of
homogenity from subphonemic features to an EME
record cannot be definitively confirmed by the
available literature. The alternate hypothesis
iz likewise meaningless, in the sense that its
validity is equally as precarious. A model
Which does not require this assumption there-
fore would appear a more meaningful and productive
mezns at present to éxplain the speech production
process. I would suggest that a elaim for a
decision-making component would determine such

a model. Mansell notes that a contralist model
presupposes the trivialitv of peripheral )
reorganization: "if the centre is capable of
predieting behaviour of the periphery ... then

it is capable of predicting the complexity
introduced at the periphery and of, if
necessary, modifying the instructions issued to
the periphery on -the basis of this knowledge"

(p. 27). 1In other words, "to predict the
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future (of an event) is to carrv out a certain
operation on its past” (VWiener, N: 1861, 6).
Similarly, further, whatever the transfar
function of neuronal, muscular and electrode
transmission may be, it could be expescted that
this information would be embodied in a
non-trivial phonetic component and influence
its decision-making.

Clearly, the stronger the assumptions underlying
a theory, the stronger the predictions of that
theory, ie the weakér its descriptive generality.
Thus, often within a model, the more rest iative
the nature of the assumptions, the more precise
its predictions. However, in comparing two
theories., with the same predictive power, the
theory with the less restri Ve v i

.55 restrictive assumbtions is
a better theory in a scientific sense in that
it incorporates and extends bevond the other.
As Fansell supeests, one effect of a hvpothesis
introducing all significant complexity at the
periphery is "to divorce the central intention
from the articulatorv output (which) must
necessarilv .ent the existence of a hirhlv
specific peripheral feedback system for the
automatie maintenance of anv structure in the
articulatorv output” (p.27). The claim of a
phonetic component insofar as the involvement
of sueh a peripheral device to account for the

precision of controlled movement in speech ean
be inferred but net proven, a model avoidine

such an assumption is a stronger model. Clearly,
should the role of such a time=sharing strategy
of the central nervous system in speech be
established, the reverse would be the case,

Further, I would suggest that the "trivial"
MWemotor conversion assumed in the Haskins
model is not a necessary condition of a centralist
appreach per se. In this case, it is the
appropriateness of EKG which is at stake. Yet,
it should be noted that the viability of
electromyography as a research technique, and
the validity of a speech production model are
independent issues. A dependence of the latter
on the former is created only when EMG data
constitutes supporting evidence, in which case,
the model is open to criticism from a methodo-

“logical standpoint.
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The predictions of a model can be no greater
than the demandes of the general philosophical
considerations underlying it. The pre-

presupposed by the assumptions and geals

for which it was formulated. In other words,
the very restrictions labelled as "necessary
conditions” for the Haskins model constrain
its scope,

There is no a priori reason to assume that

.the encoding of the speech stream is a

language universal phenomena, ie occurs due
to the characteristics of the vocal apparatus
shared by all speakers. The constraint this
predietion of a restructuring ignorant of
any languase-specific demands imposes, is the
motivation par exeellence for a so-called
centralist model namely, to formulate a
testable model capable of accommodating a
greater proportion of the available empirieal
data.
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SOME OBSERVATIONS ON THE ROLE OF PLACE AND
MANNER OF ARTICULATION IN THE PERCEPFTION
OF THE VOICING CHARACTERISTICS
OF FINAL CONSONANTS

Donal O'Kane

INTRO

UCTION

In an experimental investisation recently
conducted bv the author of certain

Eerceptual cuee posited as determining the
voicing status of postvocalie Enplish stoo
consonants {(results revorted in O0'Kane
‘(forthecoming)) subjects were required to
listen to three separate series of CV=

tokens taken from the following mono-
svllables: /kop, kab: kot. kad: kok and kag/-
Fach individual series presented consisted of
tokens made entirely from

(1) One ~f the above homoreanic pairs

(2) Hyb1 d CV= syllables rade by simply
switching the vowels between the members within
each homorganie pair. Finally, the vowel in
each natural and each hvbr;é CV= syllable

was progressively cut back in 20ms steps to
within 14 - 20 ms of onset, five tokens being
recorded at each duration. The tokens thus
crepared weare faﬂﬂamlv crdered on mazﬂeflc
tave and vresented via a loudspeaker in

three separate sessions (Session 1: /kon, kab/
and their hvbride; Session 2: /kot, kad/

and their hvbrids and fession 3: /kok, koa/
and hvbrids) to twentv jects.

m m

A foreced choice was imposed on subjects'
responses. The following examnle will suffice
te illustrate. In ses n 1, subjects were
instructed to deeide whether a /o/ or a /b/
followed each CV- syllablg thev heard.

Because subjects tend, in cert in cases -

g
ave heard or to
subjectively report "hearing" other stop

duration - to think they mav |}
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Total number of incorrect / p, t, k;
b, d, g / responses ( except for
homorganic responses ) made to each

stimulus type.
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—instpucted.in -thoge.circumstances, to give .

consonants than /p/ or /b/, they were

these "incorrect" responses in place of /n/
or /b/. The same procedure applied to the
other homorganic pairs. Thits, overall,

the possible responses were /pst,ky b,d,e/
in each session thouph instructions biased
the subject towards "eorrect"” responses.

In all, subjects provided 9,000 responses

and the experimental design enabled the
categorisation of incorreet responses in
terms of place and manner of artieculation.
Over half the total responses in each

sezgion econsisted of incorrect responses -
despite subjects' prior knowledge that each
incorrect response was the result of a
pereeptual (linguistie) illusion. This bias,
provided by prior knowledge, in fact provides
more weight to the observations which will
be made here.

PLACE AND MANNER FACTORS

By considering the incorrect responses only

- N = = < “!,
it was hoped to establish whether any general
resvonse tendencies could be -found to indicate
the involvement of place or manner of artic-

ulation characteristics which might distinguish
certain groupings among the stop consonants
studied. Table 1 provides the overall relevant
data breakdewn and Figure 1 presents the total
number of incorrect /p,t,k,b,d.g/ responses -
except for homorganic responses = made to’ the
six different stimuli types used in the
experiment-

1. ALl cbservations are based on responses
to normal (i.e. non=hybrid) tokens.
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TAELE GNE

~1-5timulus-Independently-of Duration.-- -

Tafal Nuth?/Tvﬂe of Eesunnses Psde to Each

*Round brackets contain deleted segments.

7 RESPONSE GIVEN

/ol It/ 1/ /sl [dl Igl
S /kop)*/ | 399 75 51 63 9 3
T rott)/ | 1w 3se 17 17 32
M /ka(k)/ 85 36 436 23 7 113
z /ka(b)/ | 276 6 30 406 11 13
U /ka(d)/ 77 333 11 78 488 13
5 /xatg)/ s1 38 352 52 15 392
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tended as r 2 .
terms of manner of articulation. If we
consgider voieing status, incorreet response
display a strong contrast between the oerig~
inallv /b,d,g/-ended and the originally
/p.t.k/- ended CV- svllables. Incerrect
responses to eriginally /b ,d,g/-ended stimuli
reveal that subjects nrefer voiceless responses:
the ratio of voiceless to voiced responses in

all homorganic pairs within the /b,d,g/-ended

set being S;Enifleantlv greater than the
voiceless-voiced ratio between pairs in the
/p,t,k/-ended set. Tables ? and 3 illustrate this.

‘W

TABLE TWO

Humber af Incerrect Voiceless and Va;eed
Resganses given to Stimuli Originally End-
ing in /p,t,k,b,d,g/-

mStimulus, Number Incorreet Number Incorrect
Tomomer o ol Yoleeless Respunses Voiced Resa@ﬁses
Originally /p/ 126 75
/t/ 161 ug
Ending in /k/ 121 ’ 141
/b/ 370 24
/d4/ 421 91
/gl 4y] 67"




TAELE THREE

Cﬂr?a:f Responses to the Stimuli /p,t k, b d,g/
Seen Against Incorrect Hamarganla Respanses tQ
““**“““*“W""the Same- St;mu11;~~ - : B

St;mulus Origin- | Total Ne. Corr-] Total No. In-

ally Ending in ect Responses correct Homorg-
: anic Responses

Ipt 399 63

/el 389 32
Ik/ 436 113
/vl 406 276
14/ uge 333
Ty 392 352

In contrast, voiceless tokens do not present
such a elear picture. For CV- syllables
originally ending in /p/ or /t/ the majnfity
of incorrect responses are in terms of a

rlace of articulation change with /p/
eliciting a majority of /t/ resvonses and

/t/ a majority of /p/ responses. In general,
then, when uncertaintv {(caused by vowel
shortening)} exists as to the voieing status

of a follewing stop, the tendency - given a
CV- stimulus taken from a /b,d,g/-ended
monesvllable - iz to make a homorganic voiceless
response. Given the same uncertainty when’
presented with originally /t,p/-ended stimuli,
the tendenev is to choose a voiceless resnonse
with a differing vlace of articulation. The
behav;ugr ﬁf nrlEiﬁally /k/aended 5t1mu11 in

respaﬁses must remaln Unexplalﬁed here:
Cf. Wajskop and Sweerts {1973).

If we regard, for the moment, the behaviour of
ar;g;nally /k/-ended tokens as pecul;ar we
o have a s;tuatlﬂﬂ likE that shawn in Table y

respanses seem ta be valceless respanses as
opposed to voiced responses for which guite
specific vniglng cues seem necessary, lack of
which result in a generalized voiceless
response.
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TABLE FOUR

Total Number
Given as Inco

]
B ]
]
=
[
T =

2] 633 /b/ 233
1274 546 Y 7
1%/ 461 /g/ 1434

* 30 if responses to /k/ are omitted.

With regard to place of articulation, the
further back in the oral cavity one goes,
the less generalizable the cues for voicing
in postvocalie, final stop consonants become.
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'OROSENSORY FEEDBACK MECHANISMS AND SPEECH
PRODUCTION

by
Donal O'Kane

Department of Language and Linguistics

University of Essex

1.0 The coordination of nervous and muscular
activity which characterizes speech production .
depends on a very close interrelationship between
efferent and afferent neural systems.If human bodily
afferent activity is lost,movement is essentially
abnlished(HEﬁnemaﬂ(lQEBb)).Hafﬂy(l??ﬂ) states that
these two neurologlical systems are virtually imp-
ossible to separate physiologically and their inter-
action should therefore be considered in terms of a
concept of " sensorimotor systems "(p50).This intro-=
ductory sectien will be concerned with presenting a
simple outline of the various orosensory receptor
gystems relevant to those aspects of speech prod-
uction which are the gubject of this paper.

1,1 The orofacial complex is relatively densely
innervated with sengory receptors for relaying
tactile,pressure and stretch information te higher
levels.There are three major afferent paths relevant
to gpeech production.These are:the dorsal root
ganglie,the tractus solitarius and the trigeminal
complex.

Current evidence seems to show that afferent
information from the tonzue enters the CN5S via the
dorsal root ganglia(ﬁnnigsmark(l??ﬂ),pll) Bownan =nd
Combs{1969)showed that lingual splndle afferents
are present in the distal hypoglossal nerve and pasa
via the ipsilateral dorzal roots to the thalamus and
then project to the lingual sensorimotor areas in
both the pre= and post=central gyrii.

The tractus Bolitarius receives sensory in-
formation from the larynz and possibly part of the

-face-and-relays-it-to the-CN3.It also- receives’ ‘input:-

from the spinal cord and cortex and has muscle fibre
connections with the cerebellum..

The sensory system EQmpriEing the trige:igal
complex has the most discrete projections into the
cerebral cortex and thalamus.Discrete cell clusters
within this complex will respond to stimulation of
the oral area " with specific cells responding to

73
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very localized stimulation of specifie intraoral . L
structures "(Jerge(1970),p75).Movements of the tnngu
and tongue shape are principally controlled by
by trigeminal afferents

121 comple ain e
four majar nuclei:the tr;géminal ganglion,the maln
gensory nucleus of the yth. cranial nerve,the nu:laus
supratrigeminalis and the mesencephalic nu:leus af |
the yth. cranial nerve,The recsptive fields of the
trigeminal ganglion are affected by stimulation arn
the mandible skinm field,tongue,testh and jaw and by
thermal and tactile Etimulatiaﬂ of the tangue.Iﬁ-i
formation about light tactile stimulation is known to
go from here to the thalamus(Konigsmark(1970),p13).
The main sdnsory nucleus has a considerable pro=-
jection area-from the trigeminal nerve and is
activated by light touch or pressure on the mouth

or face(Konigsmark(1970),pl4).The third major nucleus
of the trigeminal complex = the nucleus supra- :
trigeminslie - iz primarily responsible for mandible
movement and pressure -on oral structures,specifically
the teeth,palate and tongue.lt is prababiy active im
jaw reflexes and jaw movements in speech as it is
located near the mesencephalic main sensory and
matgr nuslei cf ths Vthe nerve.it is also kﬂﬂwn ta be

Finally,thé mesencephalic ‘nucleus :anducts Pfﬂpr‘ﬁ—
ceptive information from the hard palate and teeth
and has primary ganglion cells in the CNS.Jerge
(1970) found it to contain two typee of neurons:
(a) those inmervating muscls spindles in the
masseter,temporalis and medial pterygoid
. muscles and
(b) those innervating dental pressure receptors in
the teeth.These heurons are probably active
in jaw movements.
Secondary touch cells are also present with small oral
receptive fields and these send axons to the trigé
eminal tract.
1.2 The principal CN5 coordinating mechanisms
which receive and either relay this information
to the motor centres or modify outgolng efferent
impulses according to the afferent input are: the
thalarus,the cerebellum and the sensory cortex.

) Vgricus nuclel in_the thalamus provide the
final® relay 11 arao ‘or atance,
ventral pgstericr medial nucleus rélays facial

- -~ - pensation and Mountcastle.and Henneman{1952) -found

) stimulation of the iantraoral structures,lips and larynx
represented there,The thalamus relays this infor-
mation via projections to the sensory cortex.

The cerebellum is a major centre for co-
ordinating afferent input.For example,the hypoglossal
nucleus which innervates the tongue muscles projects
into the cerebellum as do afferent fibres from the
tractus sollitarins,The carebellum works closely with

| 74
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the primary motor cortex by distributing impulses from
the 1atter and by supplving 1t iith affsrsnt infar-

receptgrs in muscles,jaints,tandnng and skifa...
These sensory lmpuleses de not mediate conselous sene-=
ations,but supply sensory cues essential to control of
mnvemant"(pi??l);naxgge to afferant inputs to the
cerebellum or to the cerebellar mechaniesms are Kndwn
to cause speech defects(Kaplan(1960)).It is somewhat
simiiar in funCtian tg the reticular fﬂrﬁatigﬁ uhich
dinates a gréat variety and type gf gatnr and sensary
idputs at the brainstem levels
The sensory cortex is situated in the post=

central gyrus and afferent information arriving

there arises in conscious sensation(Hardy(1970),
p53).The lower .third.of the gyrus ( the sensory
cortex area ) recélves information from the face,
jaw,lips,tongue and.pharynx.The largest part of this
area is taken up by afferent activity from the
tongue and 1lips.There is an abundance of association
fibres which connpect the post- and pre-central
gyril,the latter being in a " recurrent cireuii

with(DO'K)the basal ganglia and thalamus "(Kon-
1gsmark(1970),p6).

To sum up:the various sensory receptors of the
orofacial complex are activated by tactile,pressure
and proprioceptive stimulation and send this infor=
mation via the dorsal root ganglia,the tractus
solitarius and the trigeminal complex to the thalamus,
cerebellum and,most importantly,the post-central
grrus.These sensory nuclel can also have their
activity dampened or enhanced when necessary by the
reticular fermation,cerebellum or pre-central gyrusas
This information is coordinated with efferent
impulsges from the primary motor cortex and,util-
izing the smoothing and integrating capabilities of
the cerebellum and basal ganglia - which have pro-
Jections from the pre-central gyrus = the impulses
project via the major motor nuclel = hypoglosasus,
nucleus ambiguus,facial nucleus and motor nucleus
of the Vth, nerve - to the individual muscles nf
the orofacial complex involved in speech,

T o e == Binal 1y 88 wag - previeusly-mentioned the- -
post-central gyrus,which 18 the principal senszory
e T - reception area of the cortex,uses a .third of this
‘ area for receptive fielda of the face and intra-
oral area - with the tongue having relatively the.
largest representation(Jerge(1970),p77)-Jorge notes
"7 that ™ the number of cells innervating a unit area
of the oral cavity is much greater than for other
parts of the face"(pb6).It has also been found that
the abllity of an area of the okufacial complsx to
gix;rilinsti aagsarr atimnli wvariss % ii:l:tlz wlth

75
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the s5ize of ites cortical and thalamic projection aress.
The relative volume of tissue of thalamic relay

nuclei and of the post-central cortical gyrus i=s
_related directly to ¢t the density of peripheral

n reglion and inversely
~ related to the size of the receptive fielde contain-
ed in this peripheral area"(Ringel and Fletcher(1965),
p395).

2.0 It is not enough,of course,mersly to establish
the presence of sensory receptors in' the oral cavity.
H . Effective evaluation of the relative sensitivity of

epeech articulators to sensory stimulation iz also
necesgary and requires the use of relevant tests.The
present section will deal with one of the most
effective recent _approaches to this problem. Normal
gpeach production requires accurate sositioning and
movement of articulators according t¢ a relatively
strict time schedule and is,to an extent,dependentan
intact orosensory tactile receptors vhich relay accur-
ate sensory information to the brain. Disruption of -
these input ckannels can result in spench output
disorders(Ringel et al{1970);McDonald & Aungst(1967);
Bishop et al(1373))«In recent ysars,ths development of
tests of oral stercognosis = defined as " the ability
to recognize the form of objects through the sense of
touch "(Ringel et al(1970),p410).have provided
normative data on oral perception processes which are
basic to all studies of orosensory fesdback in
speech{Locke(1968) ;Rinzel et al(1965);Hingel and
Ewanowski(1965) ;Rosenbek and Wertz(1973) ;McDonald
and Aungst(1967,1970) ;5helton and Hetherington(1967).
Other tests - of two point discrimination,texture
ﬁiserigiagtigﬁ Etﬁ.(ﬁingel and Ewanowski(1965);
Ringel ax Flet:her(l?é?) have alsa ghnln a corr-
elation %o exi
and orzl per éﬁtiﬂﬂ but the grsl stersagnasia tsst
is the most signifieant ( with regard to speech
production ) and the best documented.
2.1 The oral stereogndsis test now accepted as
most coneistent and reliable is the test used by
Ringzl et al(1968,1970) which is designed to tzst
the subjecttz ability to diseriminate between
orally presented shapes.For an oral stereognosis test,
one control and one or more experimental groups are
usually raquired.vhe control group must have no
history of =otor or sensory disturbances and the

e - . .experizental groups are usually ( but not necese=- s
arlly ) articulatory defectives,grouped according to
their spsech defects - these defects being ranked in
order of severity after examination by experienced
speech pathologists.The stimuli used for the test
are taken fTom a set of twenty geometrical forms
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(of heat resistant plastic ) developed by the U.3,
National Institute of Dental Research,The items chosgen
represent a wide range of difficulty and confus=
s ——ghi 14 ty-which-extensive-teating has-established (- —oe
McDonald and Aungst(1967,1970);Ringel et al(1968).
Because better,more reliable estimates of relative
articulatory proficiency can be obtained using results
from " between-class " comparisons(Rosenbek and Wertz
(1973) ;Ringel et al(1970)) the forms used ars further
divided into four groups for later statistical
analyses:oval,triangular,bioconcave and rectangular.
Each pair is used once only (10 random pairs being
later re-evaluated for reliability ) and so every
subject is presented with 65 stimulus pairs in all.
The subject does not see the stimulaus form or touch
it manually as this procedure can introduce inter=
sensory artefacts.The first form iz placed in the
subject's mouth for five seconds,and after a five
second interval,the comparison form is inserted

ized.While in the mouth the forms can be manipulated
as desired by the subject.The importance of these
tests is that they provide a method for Judging the
functioning of the speech mechanism and,as a result,
can provide normative data against whieh to judge
the degree of relative speech efficlency which
differentiates soeakers.The efficiency of orosensory
funetion being a zatter of degree rather than a
matter of absolute dichotomy between normal sensory
function and no sensory function,the finding that
statistical analysie of between-class error rates
can differentiate between levels of sensory
dysfunction is of paramount importance{Rosenbek
and Wertz(1973)).
2.2 Studies of articulatory defective speakers
show that those subjects with articulatory defects
have higher error scores than mormal speakers and
the errors made tend to increase as"a function of
the severity of ths articulatory defect(Ringel(1970);
Bishop et al{1973)).Rosenbek and Wertz(1973)
found significant differences between apraxic
patients and aphasic patients without apraxia,and
furthersthat " the more severely apraxic the patient,
the more poorly he performs * on oral stereognosis
testa(p32).Stereognosis has now bzen recognized as
an important evaluator of the integrity of the CHS--
and such tests as those under discussion are now
generally used in neurcdlogical examlnations(Ringel
et al(1970).

Thie ability to identify forms orally
inereases with ange until middle adolescence and
remalns relatively constant until old age when it
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‘ean deteriorate(McDonald and Aungst(1967),p70).Children

generally err more than normal or mildly articulatory
defective adults.This is generally attributed to

—~maturational-factors,for-example,oral—cavity-size—-—ou———

and the improved matar abilities of adulta(Ringel
et al1(1970)).There is also evidence which suggests
that as the maturation process contlnuessa child-
will change from extensive dependence on auditory
feedback to a greater dependence on tactils or
kinesthetic feedback or both(Shelton and Heth-
erington(1967)).

2.5 The question of whether or not the degree of
orogensory dysfunction in a speaker is the result of
a motor defiecit or a sensory input deficiency is of
obvious importance.Earlier studies of oral stereo-
gncsie suggested that poor performance on the tests
vas a function purely of poor motor ability alons
(McDonald and Aungst(1967)).0bviously,as Locke(1968)
voints out,oral stereognosis involves both the
reripheral tactile receptors, " central iztegrating
procesges,and a minimum level of motor facility®™
(p1259). o

It would not scem to be simply a higher level
gaceral perceptual ability as McDonald and Aungst-
would suggest.Edwards(1970) showed that speakers
with articulatory defects who had higher error
scores than their normal counterparts in oral
stereognosis tests,did not produce significantly
d;rferent error SCOres thaﬁ ﬁarmal Epeakers 'hen the
(l??ﬁ) demanstrated that apra:ia of Epse:h is nnt
siﬁply a motor ( speech output ) disorder but alse
3 o c t ) disorder.Apraxic patients
conld be differentiated on the basis of their
érasensgry perceptual ability.This defleciency is
elated,they go on, " to ability to process,store,
recall and compare sensory and motor information
received from the oral periphery "(p258) and
lisruption of oroszensory feedback systema can result
15 speech output disorders.

2.4, Data from oral stereocgnosis and other sensory
tests can help establish the relative sensitivity
of various parts of the oral cavity.This data
becomes more significant if considered in the light
of evidence of oral cavity innervation presented
earlier«As was noted-ln the previous.section,various
parts of the oral cavity are more densely lnnervated
than others.Generally speaking,the density of oral
cavity innervation(per unit area)decreases as We
sove from the anterior to the posterior part of the
oral cavity.Ringel and Ewanowski(1965) examined
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of sensitivity,were the fingertip,upper lip,

saft palate,alveolar ridge and thenar eminence of

the right hand.Except for the fingertip,all tongue

tip sites studied ( at the midline and to the

right and left of the midline ) were significantly

more discriminatimg than all other structures

studied(p395).In a series of texture discrimin-

ation tests Ringel and Fletcher(1967) found that

the lingual structures were s in general , " more

accurate evaluators of texture " than other oral

structures(p6L8).It is also relevant to note that

evidence exists which shows a correspondence

between a structure's mobility and its ability

to discriminate orally presented forms(Silverman(1961)

for instance).All oral areas,as we have seenyare

relatively densely innsrvated and their receptive

fields are small.The order of relative sensitivity

found by Ringel in his two point discrimination

expsriments " approximates the progression obtained

when the structures are ordered on a basie of

relative size of their cortical and thalamic pre-

Jection areas "(Ringel and Ewanowski(1965)),

i.e. the greater the =i the greater the Bensitivity.
studied the strategies

Finally,Mason(1357)
used in oral parception tesis by subjects in
(a) normal (b) right unilateral mandibular block
and {(e) bilateral mandibular block conditions and
his findings tend to fit the above pattern,Under
conditions (a) and (b) subjects tended to use the
anterior part of ths tongue to feel the “inserted .
form's shape.Few two area contact strategles were
used ( for examole lingual-palatal contacts).Under
condition (c) the tongue again was relied on but
usually in association with other oral structures-
palate or teeth ete. McDonald and Aunget(1967)
used an artificial palate for some tests of oral
sléreognosis and found no significant change in error
rate when compared with non-covered palate sub=-
Jects! scores.This tends to underline the gengitivity
of the tongue and its importance in making oral
fore perceptual judsements.
... In Mason's (c) condition,the total time taken
for identification was increased by ; on average
four minutes.In (a) and (b) conditions subjects
preferred to have the objects .on the tongue midline
(despite. the anesthetization of the right half of
the tongue ) a finding which tends tes correspond
with Ringel's(1965) observation that the midling
of all structures studied for two point diserim-
ination was the most diseriminate.Under bilateral
mandibular block,all Mason's subjects used Pressure
manipulation on the eentre and posterior tongue as the
principal identification source.




O

ERIC

Aruitoxt provided by Eic:

3:;0- 1t -has-been hypothesized -(Rutherford, 1967) -that-a-————
ehild's acquisition of phonology and ability to combine

sounds into linguistically meaningful patterns is

accomplished to some extent via sensorimotor associations.

To acquire an adequate communication system would, therefore,
according to this hypothesis, depend on the "anataﬁ|cai
and functional integrity of sensery receptors and their
concomi tant interzaﬁngﬁticﬁs through the peripheral and
Central Hervous System." (Zlatin, 1972, p.371). In the
previous section it has already been indicated how a
pusitive relationship exists between orpsensory perception
and speech production. People deprived of orosensory
sensation either pathologically or hereditarily, provide some
support for the above hypothesis and provide further data on
those aspects of speech production which seer to be rost
affected by such deprivation.

Ziatin (1972) studied a ehild from the age of 11 to 47
ronths vwAo had congenital sensery impairment. ™ (the child
studied) was insensitive to touch, pain and terperature in
tne oral cavity due to the absence of peripheral sensory
endings there. Despite this, on speech intelligibility tests
at the end of the period of study, a group of 3k adule
listeners could, as a group, judge Ecrrettly ELZ of the
child's words used in the test sentences.

The kinds of errors and difficulties which ~ost
corronly arese in the child's speech show a rather significant
pattern. An analysis of feature vielations at 41 ronths
revealed that place errors accounted for 72% of articulatory
errors made (ranner violatlons acceunted for 2%; voicing
vialations for 6% and oro-nasal violations 0%, 5.3%7).
Thase place errors reflected a general lack of articulatory
precision and anteriorly produced sounds were rost affected.
Bilabial sounds were periodically absent fror M's speech and
when otherwise attempted, tended to be replaced by lingual-
dental or lingual alveolar sounds. The tongue tip was rarely
used relatively independently of the rest of the tongue. For
exarmple, alveolar sounds would tend to be produced using the
tongue blade. Again it is interesting to note that the rost
sensitive areas of the oral cavity (and the rost densely
innarvated) - the anterior arsas of the tongue and the lips
in particular = are the areas where a major proportion of
articulatory errors occur., Few errors were made on vowels
or velar consonants; fricatives being a major source of
place and manner errors (e.g. f¥d; v¥b;%B¥d, p.386). Errors
like these in an experimentaily induced state of orosensory
deprivation were found. by Gammon et al, (1971) where, in
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the labial and alveolar regions, alterations In fricatives,

affricatives and stops eccurred. Masen's (1967) observations,
cited previously, of subjects in oral stereognosis tests
using the eentre and posterior tongue for form manipulation
only when the whole of the anterior part of the tongue was
anaesthetized, underlines how important this highly sensitive
and mobile area is during speech productien.

3.1 A series of experiments condueted by MacNeilage,
Rootes and Chase (1967) provides further evidence of the
importance of intact orosensory feedback mechanisms in speech.
They intensively studied a 17 year old female with severe
impai rment of Qrosensory capacity and motor control. She

felt no sensation of pain in the oral capacity when tested
with both tharp and blunt probes (p.451). Her speech was
virtually unintelligible, the impairment of her articulation
being significantly more marked for consonants as cpposed to
vowels (in fact, her speech has been restricted "primarily to
the production of vowel sounds most of her 1ife' (p.450),

this impairment being related to a 'marked inability to
organize movements of the lips and tongue' (451)).
Heurological examination showed no direct damage to the rotor
System and no structural or functional deficiencies jn the
ruscles. Tests of oral stereognosis, two=point discririnatien
and tactile localization, however, showed censiderable
deficiencies In orosensory functioning.

Her produetion of various sounds was phonetically analyzed.
As in the previously cited study, the major source of error
was in the anterior oral cavity, consonants being most severely
affected, fricatives and stops especially., For exarple, her
voiced stops were never Judged as correct and voiced
fricatives were seldor correct. Consonant clusters were
almast never produced correctly. Cinefluorographic study
revealed that the anterior part of the tongue never moved
independently (p.461) which resulted in the girl not beins able
to articulate /e/ or affricates. This is.somewhat sinilar to
H's articulation, a Further similarlty being the girl's use of
tengue body movements alone te produce /t/ and /n/,

3.2 One of the problers with studies of such subjects s
that aof separating possible motor affects en articulation from
sensory based effects. Scott et al. (1971) conducted
experiments to assess the effect of clinically known motor
disorders on speech and compared them with speech production
under experimentally induced sensory deprivation, Their general
finding was that each group produced "unique kinds of
articulatory errors" (p.823), in particular, '"the loss of
peripheral sensory information normally used In the control of
speech results in a unique constellation of articulatory
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dcv«atluns“ {p.B827), so it is possible to disti
who have sensory based dysfunction from those w
system damage.

nguish speakers
ith motor

Of special interest here are the kinds of errors made by
the sensory=-deprived group. Both groups had no difficulty
producing phonetically acceptable vowels. Of the consonant
productions, fricatiyes and stops suffered most and the . error
patterns from these two types of articulation In particul
could differentiate between dysarthric and sensory-deprived
speakers. Bilahials tended to be produced unilablally (using
the lower 1ip) or with an extended release phase which
produced an affricated release. Alveolar and velar stops
were retracted in half the potential oceurences (a tendency
also noted by MacNellage et al. (1967) in their subjeet).
Fricatives, /s/ and /f/ were less close and more retracted
than in normal speech. Another recurreni.finding was the
Inability of the sensory-deprived subjects to selectively shape
the tongue apex.

3.3 It is obviously not a particularly easy task to find
people who exhibit particular sensory dysfunctions so most
investigations of orosensory mechanisms to date are based on
experimental situations using normal subjects who are
selectively deprived of sore aspect of their orosensory
perceptual mechanism, The patterns we have seen ererging from
the previous sections again becomes evident when experimental
sensory deprivation studies are considered. Sensory
deprivation is usually induced using nerve block anaesthesia,
this condition being the '"block'" condition. In the experiments
to be considered here, sensation in all surface oral receptors
in the supraglottal region are anaesthetized except for the
pharynx and posterior one third of the tongue.

Scott and Ringel {1971) studied two subjects' preduction
of 24 bisyllabic words and, using a classification system
basad on that of Peterson and Shoup (1966), collected data on
Ysecondary articulatory parameters such as air release,

laryngeal action, apex shape and 1ip shape as well as primary
manner and place parameters’. (p.8C7).

Again, stop manner errors tended to result from
insuffic¢lent closure so that 4 sut of 5 of the errors for

* intended Inltial /b/ resulted in bilabial fricative /p/.

Bilabia) stops were unilabially produced using the lower 1ip in
approximately half the cases and voiceless stop release in
initial position tended to be affricated, (p.808-9). Alveolar
and velar stops, /t d k g/, were often produced with a
retracted point of closure; alveolar stop closure tending to be
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cffected using a comparatively large tongue surface area.

Fricatives /s,f/ were almozt always less cl
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and Cgleman. ISEE) that théy are rore depende
kinaesthetic feedback. Howevar, Scott and Ringe
certain changes in veowel production. Those vowe
need labial adjustment were frequently changed
heing less rourided in half the eases and vowels speci
as high=front or high-back were found to be less cl
(p.B12). Vowels in the environment of consonants w
retracted under the block condition also tended to retract.
A Uslight" tendency for vowels toc adopt a rore neutral voeal
tract configuration was also noted (p.B13). This was of
perceptual significance though, but the hypothesis, that
vowels are totally dependent on only kinesthetic monitoring
channels needs rcconsidecation,

=il n

In a further experiment, Putnam and Ringel (1972) studied
the bilabials /p b n/ in initial, intervocalic and inter-
consonantal positioen and found them unilabially produced in
all eases, with incomplete closure for /p/ in all /sp/
clusters (p 534). In normal and block conditions /p b m/
could be distingquished by their 1ip opening rates in initial
position, /p/ being fastest and /m/ slowest. /p/ changed

phonenieally in intervocalic position and in doubie and

treble clusters, to /é/. Lip opening rates also distinguished
/p b m/ with /p/ aoaiy being swifrest and /m/ slowest. The
voiceless hilabial plosive sears to be rost dependent on
sensofy information, 9355|b|5 because such infermation may

be needed for determining intracral air pressure which can,
inter alia, distinquish /p/ froem /h/ and /m/ (Malecot, 1968).

Agair, vowels were altered under bl
unilabial stop release, /ae/ and /i/ were
was not rounded (p 634). Ancther differen
maximum lip opening areas were half the i

value. (p.536). This zgain shows the n-.u far cla§e
examinwtion of vowels in sensory block ¢ <di--ons to try and
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establish how much coarticulation with deviant consonants
might be causing these effects and whether or not tactile
deprivation significantly effects vowel production, The
explanation of the relative integrity of vowel production
under sensory deprivation may not be simply because such
deprivation does not affect vowels to the same extent as
consonants but may perhaps be because vowels can be
produced with a greater degree of under- or avershoot which
is not perceptually significant than consonants which, In
the case of fricatives for example, require more accurate
articulatory adjustments. This speculation eould
profitably be tested.

The tendency for fricatives /sf/ ta be produced with a
closer more retracted articulatory positioning is noted by
Horii et al. {1973) who rade acoustic analyses of speech
produced under anaesthetic. They found significant
alterations in the spectral characteristics of /sJ7.
spectral maxima for /s/ moved down ir freguency by up to
3,000 HZ and for /J/ by up to 1,000 HZ (73). Relative
amplitude of vowel formants were also affected though formant
contre frequencies were not significantly altered.

To sum up, consonants are, as a class, rere sevarely
affected by sensory deprivation than yoweis = though the
affect of sensory deprivation in voviels needs reconsideration.
frong consonants, Fricative and affricative errors of ranner
of production generally outnurber such errors in plosives,
laterals, glides and nasals (Garwon et al., 1371, p.277)-

The most frequent efrors in Gammon et al.'s study of
articulation under block anassthesia were:

(a) Substitution of plosives for fricatives (in 302 out
f 334 intended fricative productions).

o

Hext ware

(5) Substitution of labiodentals for bilabials (in 319
out of 330 intended bilabial productions) p.279.

Place errors genecrally invalve a backwarcs {1abiodental =
alveolar) articulatory roverment and ranner errors ganerally
imvolve an open to closed movement (fricatives / affricatives
+ plosives). The majority of place errors occur in the
anteriar part of the oral cavity, in particular, in the
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bilabial/labiodental area (Gammon et al. 1971, p.276). This
suggests that more articulatory precision and, therefore,
more Intact orosensory feedback may be necessary for such
articulations as compared with, for instance, velar or
palatal productions.

4.0 Although much more investigation of orosensory
feedback mechanisms is necessary before thelir role in speech
production is comprehensively established, it is of interest,
at this point, to consider the data presented here in
relation to some theories of speech production which form
the general conceptual framework within which a large amount
of present day phonetic research is conducted,

Fairbanks (1954) posited a mode) of speech production
which included the idea of speech as a servomechanism
(cf. Chase, 1967). Mccording to his model, speech output
- in terms of auditory and orosensory feedback - was continually
monitored and sampled and a high-level comparator matehed it

with the input of the speech rechanism, Any differences

hetween the two would trigger an errar correction signal

which would modify outgoing high-level commands to the
articulators {p.135). At first glance, the disruptions

caused by sensory deprivation would seem to support this.
However, the model would predict mu=h more radical breakdown
because of its virtually total dependence on closed leop
feedback from the periphery. The fact, hpuever, that speech
remains highly intelligible under extensive orosensory feedbach
deprivation does not support Fairbanks' model. [t could be
arqued that auditory feedback compensates for less or
dirinution of orosensory feedback but Schieisser and Coleman
(1968} ; Garmmon et al. (1271) and 2ingel and Steer {1963) founc
that even with both orosensory deprivation and auditory
nasking speech still remains highly intelligible. Coarticulation
studies showing anticipatory articulater movemants alsoe

suggest some autonomous high=level rator command system
involved in speech production (Sussman et al., 1973; Ohman,
1966; Daniloff and Kim, 1271).

If speech is considered as a ''skilled bodily action" as
Ladefoged (1967) suggests (p.162) then the degree of speech
efficiency which is axhitited would dapend on how well the
speaker could process and coordinate incoming sense data with
outgoing motor activity. Ladefoged saw 3 kinds of feedback
necessary for this (a) auditory (b) taetile (¢) kinesthetic
{p.163). Thi- kind of "efficiency'’ is what orosensory tests
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purport to measure and the distinctions with regard to
articulatory proficiency betwsen various groups of speakers
discussed in Section 3 tend to support the suogestion of
speech efficiency being to some extent deper ‘int on the
integrity of this sensory monitoring and integrating system.
Ladefoged also assigned different sensory monitoring systems
to different classes of articulation (p.164=5). He saw
auditory feedback as the principal monitoring system for
preserving vowel quality, nasality and pitch and orosensory
feedback as the monitoring system for consonants
Interestingly, Perkell (1969) makes a somewhat sinmilar
speculation about such a division of peripheral mechanisms,
He posits 2 underlying neuromuscular systerns involved in
speech which deal with different kinds of peripheral
feedback, Vowels which principally depend on the tongue's
extrinsic ruscles use acoustic and kinesthetic information
principally and consenants, using extrinsic ruscles and
faster intrinsic museles, depend more on tactile feedback and
intraoral air pressure feedback.

Both Ladefoged and Perkell seem to tacitly assume that
there is closed=loop control of speech and both also assume
that if ceptain articulations are not affected by orosensery
depr|vat|nn. it is probably because some ather feadback
mechanism is being relied on. Ringel {197C) telieves that
such attempted divisions af monitoring responsitilities are
not at present justified by the evidence. (CFf. Studdert-Kennedy
and Shankweiler, 1970),

According to Henke (1967) the normal terporal succession
of speech movements cannot be effected without the use of
peripheral feedback. For instance, he would posit that without
tactile feedback to indicate bilabial closure, the command
system which waits on this signal before proceeding would have
its time schedule disrupted and the normal articulatory
movement (in time) €rom one position to another would be
changed. Certain evidence would seem to support this: the
fricated release of initial /p/ and the correlated delay in
VOT for the succeeding vowel which Putnam and Ringel found
(1972). Again it is assumed that use of proprioceptive or
aiditory feedback compensates for loss of tactile or pressure
sensitivity. i -

4.1 The extreme opposing view of the speech production
mechanism is that speech 1s a completely open-loop system.

As Macheilage (1970) says, this system would ''not have to wait
for information assoclated with actually reachine the previous
location in order to control the following moverent
appropriately' (p.189). With such an autonormous rotor cormand
system one would predict no disruption to speech under
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conditions of arosensory deprivation and, as we have seen,
this is not the case. A point between these extremes
yields a more satisfactory explanatory model,

The work of the Haskins experimenters an the motor
theory of speech perception (Liberman et al., 1963, 1967)
posits that we learn to associate our speech cutput with
our perception of that output, Rootesaid MacMeilage (1967)
found such an association in their study of the
congenitally deprived girl. Among stop consenants and
front vowels 'the most efficiently produced phones (/i/ and
/b/) are also the ones most successfully identified",
(p.317). Fowever, her speech was '""almost completely
unintelligitle” to the authors though her perception of the
normal speech of others was apparently normal (p.317)

The probler, of course, with subjects who are deprived of
normal sensory input over a long period as opposed to short
term deprivation, is that they lack normal coordinated
sensorirotor experiznce and, if, as Ladefoged (1967) and
Bishop et al. (1273) suggest, speech efficiency is relatec
to a speaker's atbility to integrate sensory information with
mator patterns of speech, one would expect severe
disruption in the case of the girl mentioned above. The
whole subject of normal orosensory experience in the
acquisitior of speech and maintenance of its norral
efficiency needs investigation. In the experimental
investigations discussed earlier, short term deprivation
could be corpensated for by the previously established
integrity of the speech mechanism as the high level of
intelligibility shows. Such an investigation should alse
include a study of the posited space-coordinate systems in
speech users' 4Srains (MacMeilage, 1970) which tests such as
oral stereogrosis seem ta suggest exist.

h.2 A rodel which includes beth open and closed loops
systems in speech was suggested by Liberman et al, (1967) to
work in the following manner:

."The instructions might be of two types, 'on-of f' or
'geetp', even in a rmaximally simple model., In the one case,
the affected ruscle would contract or not with little
regard for its current state (or the position of the
articulator it moves): in the other, the instruction would
operate via the garma efferent system to determine the degree
of econtraction (henee the final position of the articulator,
whatevar its initial position.)' (p.li47}.

8 f‘jf
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It is generally accepted that there is an autonomous
apen loop system invelved in speech, primarily to encode
at the high level net just one articulatory segment at a
time but a succession of such segments posited as being
about 7 syllables long (Kozhevnikov and Chistovich, 1965;
Gammon et al., 1973; Laver, 196B) and within this general
framework, Libermanet al.'s hypothesis seems plausible and
there is a certain amount of evidence to support it.
Accarding to their hypothesis, in an initial /p/ productien,
a simpla open=loop, 'on=off' closure gesture would be
necessary, but in order te go to the following articulatory
position the command system must know where the relevant
articulators are moving from in order to calculate the
Aistance in time which they have to cover. Putnam and
Ringel's (1972) findings would seem to corroborate this,
In their study, referred to earlier, initial /p b m/ suffered
ne majer changes in ranner of productien under anaesthetic
whareas, for instance, intervecalic /p/ and /p/ after /s/
changed to fricatives and /r/ and /u/ following initial /p/
were often not rounded (p.539). Kozhevnikov and Chistovich
(1965) showed that lip elosure velocity in bilabials was
directly proportional to the amount of 1ip opening of the
preceding vowel. The anassthetic, we could posit,
disrupted the 'where from' information.

Scott and Ringel (1971) alsa support this position with
some interesting observations. Under anaesthktic, subjects
can make basie manner gestures not significantly affected
by anaesthetic such as: complete closure of the vocal tract,
apening and closing of the palate, basic vecal tract
configurations for vowels and close vocal tract constrictions
(p.815). This provides a tasis for positing high-level
encoding of motor cormands for specific targets which would
in the main be cross manner gestures. Clesed loop contral
via tactile, pressure, proprioceptive and auditary mechanisms
then becomes necessary to refime these basic gestures,
particularly, as we have seen, in articulations invelving
relatively more precise articulator positioning (Liberman
et al., (1967)). The lack or loss of refinement of apical
tongue gesturaes noted previouslyin pathologiecal or
congenital sensory deprived speakers also suggests that we
can make a distinction betwsen basic gross gestures and those
which are mare refined.
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Mall and Shriner (1967) show that palatal
position varies as a function of segment type so on- off
eommands cannot be expected at the periphery. They pasit
environmental restraints as the reason for this but
maintain that, at the high level, the command can be
pasited as binary.

A further complication involved and a further
demonstration of the role of closed loop control has been
pointed out by MacHeilage (1970) referrina to work on

h n gestures by the jaw (for instance,
HacNgliaqe, Krones and Hanson, 1970):

“"al though the amount of opening of the jaw varies over
a ranges of several rms. under non-speech conditions, the jaw
positions adopted for a given initial segment shows very
little variation (1-2 mms,) with repetitions of the same
uytterance. For this to be so, the production mechanisr
must take into account the pre-speech position of the jaw;
and make a speech-initial jaw moverent contingent upon the
pre-speech position.' (p.192).

The probler of explaining peripharal variance in rodels
which posit invariant high-level phonological inputs will

Hrobably invelve specifying sensory-foedback systers and

their modifying role at the periphery and most speech
groduction models discussed here could prabably include in
thair investigations of the rotor control of speech as an
utput oriented device a consideration of input influences
on that output {Lindblom (1972); Tatham (1969)). A fruitful
approach could be an examination of the influences of
orosensory deprivation on coarticulation which could throw
t on the cormplex relationship between autonomous central
motor control and peripheral sensory mechanisms. The degree
to which a relatively independent articulator can compensate
for overshoot or undershoot may depend © some extent on the
sensitivity of the articulators invelved to peripheral
sensory information.

Previous sections have dermonstrated the existence of
methods of differentiating classes of articulations (correlated
with major phonologica!l classes) and some feature
specificationg. The distinction found between vowels and
consonants is the obvious example of the former and the
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distinction between the anterior and posterior parts of
the oral cavity (cerrelating to some extent with the
anterior/coronal phonolegical divisien, (Gammon et al.,
1973)) exemplify the latter.

Detailed investigation of tilabials and fricatives,
for cxampla, which seem most effected by deprivation and
of various place differentiations between articulations
and comparison of this data with phonoloeaical classificat-
ory systems could be enlightening in view of the present
intefest in phonolegical natural classes. The general
finding that anaesthetic rmay selectively effect certain
classes of sounds (Forii et al. 1973) and their
intelligibility gives further reason for such investi-
gations, The theory of Markedness uses, as part of its
justification for assigning ~ or v markers te certain
phonological entities a concert of relative complexity
- in, for exarple, the nurtar of features needed to
speeify a seament or a elass. Studies of orosensory
rechanisms also involve the concept of complexity of
different articulations (for e fricatives as opposed to
nasals) and also could provide a relatively concrete
procedure for defining relative complexity! in terms of,
for exarple, articulators i=volved, dependence on various
feedback mechanisrs etc.

The output of the phonelocy provides a set of
instructions to the articulators on the assumption that
there exists some idealized soeech norm - some norm of
articulatery preficiency. Studies of speakers with
orosensory deprivation, veet® sperirental, pathological
of congenital, could help es ish those aspects of speech
production (ractile, prosrioceztive feedback, etc,) without
which articulation canrot be classed as 'normal', OCne could
investigate the previously posited basic ranner gestures
with a view to this,

and alse for defining the arount of relative articulatory
precision which may he necessary for speach perception
purposes.
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h.h Much more data needs to be collected on the nature
and function of sensory input mechanisms and their
specifle role in speech production. There is virtually

no information at present on the role of sensory feedback
oh compensatory articulator activity. The effect which
orosensory deprivation of a particular articulator has on
the activity of synernistic articulators invelved in
producing the same articulatory gesture also needs
investigation. )

In order to establish the relative importance of
sensory mechanisms in specific artieulatory qestures {e.a.
in hilabials), the other .nown parameters involved must be
simul taneously examined, The intraoral pressure mechanism
posited by Maleecot (1968) has yet to be conclusively
established. The relative roles in articulation of
proprioceptive, tactile, pressure and auditory feedback
mechanisms alse need thorough investigation. Other
techniques such as palatocraphy or x=ray filming would be
necessary for collecting quantitative data on such
phenomena as 'observed' tongue retraction etc, and possible
alterations in place of articulation generally,

One of the problerms with EMG studies of muscle
activity in conditions of orosensory deprivation and a
general problem in all orosensory deprivation studies is
an anatomical one. The diffieulty in identifying individual
muscles for EMG investigations using either surface-cup or
needle electrodes is well known (Harris, 197C). Work by,
for example, Ohman et al. (1965) aimed at providing a
reliable methed of ensuring proper positioning of electrodes
can help here. More specifically, the role of anaesthetic
in experimental deorivation experiments is a problem which
needs investigation. Little is krnown of possible leakages
of the anaesthetic to rotor nerves, neighbouring those
selected for anaesthetic. Usubiaga et al. (1967),
demonstrated how certain eomronly used anaesthetics~
(procaine, lignocaine) enter the cerebrospinal fluid
extremely rapidly (within 2C ninutes) and this may possibly
effect the brain speech=controlling mechanism, However,
considering our current knowledge of the subjeet the similariey
already established between experimentally deprived subjects'
speech and the speech of concenitally or pathologically
deprived subjects' speech tends to suggest this influence is
not absolutely crucial.
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