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Chapter One: The dominant trend in phonetics today == due to a large
extent to Cenerative Phonology == is to discover the brain mechanisms
underlying the observed behavior in speech, Among other thinpgs there

i{s interest in attempting to find out how motor programs are gztored
latently, celected, activated into muscular contractions, controlled,
and tailored for optimum communication. Constant empirical feedback

{g needed in all staeges of the development of models of these processes,

Chapter ''wo: It has traditionally been assumed that the modulation of
the fundamental frequency of phonation in speech is predominantly con=-
trolled by the laryngeal muscles. However, Lieberman (Intonation, Pere
ception, and Language, M.I.T. Press, 196T) challenges this viev and
proposes that the fall in pitch at the end of sentences and the rise in
pitch on emphasized words are both determined mainly by variations in
the subglottal pressure, and that except for the rise in pitch at the
end of yes=no questions, the laryngeal muscles are usually not involved,

To test this hypothesis the getivity of some of the larynceal ruscles
vas sampled electromyorraphically {n five subjects as they spoke scntences
with a variety of {ntonation contours. It was found for all sublects
that the larynpeal muscles participate pctively in modulating piteh, in
particular the cricothyroid and lateral cricoarytenoid muscles are active
in raising pitch and the gternohyoid muscle in lovering pitch., This is -
true no matter vhere the pitch modulation occurs in a gsentence and no
patter what grammatical or gemantic entity is ranifested by the pitch
change. The effect of subplottal pressure changes on pitch vas calibrated
by the familiar "push-on-the-chest" technique and vas found to be about
2.3 Hz/cm, water for one gubject in the pitch range used in speech, This
vas too small a value to account rfor most of any given pitch change
recorded in speech, .

The evidence did not support Lieberman's theory of intonation dut
re-affirmed the traditional viev that the speaker can and does "oropran”
his larynx to execute any {ntonational pattern he desires, Additicnal
evidence adduced by Licberman to show that certain aspects of intonation
vere innately determined and hence universal were critically examined and
found to be wesk.

In addition, recent claims made sbout the perception of "gstress" by
trained linguists were examined in the 1ight of recent experimentsl findings.
Some explenations are proposed for the perceptual origin of the rultiple
levels of stress in English,

Chapter Three: Arguments and evidence from jav movements wvere presented
demonstrating the possibility and likelihood of the use of ranid kinesthe~
tic feedback in speech. Also two experiments are reported relevant to the
question of how the gestures in speech arc sequenced, Evidence could not
be found for the claim that an independent time gchedule == isochronic or
not == underlies gpeech utterances, but much more:§csearch is needed on

this point.
114
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" ees 1f 1t 18 to be interesting, the description

of each language must also be testable; and the
possibility of meking a sufficient test must be i
inherent in the underlying theory. i

== Peter Ladefoged (1967Tb)
Chapter 1

At a special session of the 1967 Conference on Speech Communica-
tion end Processing, held at M,I,T,, Kenneth Stevens expressed the
opinion that speech research vas today at sbout the same stege that
chemistry vas before the periodic table of elements had been dis-
covered, Unfortunately for the field of speech, the analogy is quite
appropriate, As was the case with chemistry in the first half of
the 19th century, speech research does not seem to be able to meke
all of its disparate pieces of data fit together into a general pate
tern of any sort, Typically it is unable to generalize beyond the
availeble data and cannot tell what kind of experiments are worth
doing,

However, this ig not to deny that progress has been made in the
field over the past 100-150 years, but mainly in the accumlation of
a wvider variety of high-quality data, Much more is known about the
behavior of the vocal tract and the acoustic properties of speech such
that it i8 now possible to synthesize speech with some success, And
there has been some limited advancement on the problem of automatic
speech recognition,

Perhaps the most telling sign of progress in this area is the
shift in attention {rom the purely peripheral espects of speech to
the more central, neuroclogical substrate of speech, The periphery,
i,e., vhere sounds are produced, acoustically and neuromuscularly,
is still being studied, of course, but more and more for what it
will reveal about the brain mechanisms underlying speech., Quite
sensibly it is believed that if ve could find out vhat is happening
inside the "box" (the speaker's head) ve might be able to make more
sense of the sounds that are emfitted from it and of the perceptual
Judgments made by it, This has been the explicit or irplicit strategy
of many researchers in phonetics/phonology, one of the disciplines
in speech research, In this chapter I propose to discuss hovw this
strategy should and should not be pursued within phonetics/phonology.

0Of the many disciplines included in speech research, e€,g.,, COm=
mnications engineering, oto-laryngology, speech pathology, psy=-
chology, physiology, and phonetics/phonology (although the dividing
lines between these disciplines are fast disappearing), phone-
tics/phonology has played and still does play a rather central role
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in the fleld of speech research, and thus possibly links the success

or failure of the vhole field with its own achievemants, Thus,

visely or not, most of the other disciplines have freely adopted the
terms end concepts of phonetics in their own specialized work. And so,
terns such as "phoneme", "syllable", "vowel and consonant", "phone"

and "allcphone" seem to have a more secure, unquestioned position in
the writings of comrunications engineers than they do in those of
rhcneticiens,

Phcnetics /phonology has contributed to and shared in whatever
success hes been enjoyed by all of speech research, and in the process
has experienced the seme shifting of its goals, Although attention has
never shifted from its original tasks of providing accurate physio-
logical and acoustic descripticns of sounds and sound patterns in the
wvorld's languages or of providing explanations for sound changes and
sound alternaticns in languages, there is now increasing concern for
discovering the brain mechanisms underlying the observed speech de-
havior. Ccmpare, for example, the topics discussed at the first and
seccnd Internaticnal Congresces of Phonetic Sciences with those at
the fourth end fifth: now we may expect a large number of papers
dealing with language and speech in general rather than detailed
gtudies of particular languages.

However phonetics has alweys had a handicap that the other
di{sciplines did not have, narely it was not wholly convinced that it
could or should be an experimental science of the same rigor es physie
ology or chemistry, This is undoubtedly due to its origin as a branch
of philology, a discipline in which it is impossible to employ labore~
tory experiments. Perhaps phonetics started out as a serious science,
but meeting many initial failures, retreated back into the safe, less
frustrating world of a priori-isem typical of philosophy and literary
eriticism, It is possible to find among early phonetic studies some
wvell-intentioned if primitive attempts to subject hypotheses about
speech to experimental verification., Grendgent (1890) in the same
erticle in which he reports on a creditable attempt to discover the
true tongue positions for certain vowvels (by sticking wire measuring
"srobes" into his mouth), finds it necessary to warn against unwhole-
scxe, unscientific attitudes in the field.* Howeve: we know nov that

. Grandgent's ccmplaint vas a universal and timeless one: he asserted
that one of the reasons why phonetics had not made much progress even

in those days vas

ees the wellenigh irresistable tendency to comstruct
theories on insufficient data. Many investigators have,
I fear, Cesigned their system first, and then pared off
the toes and heels of their facts to make them fit the
symmetrical slipper into vhich they vere to be thrust.

5
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even Grandgent's findings were not very accurate in epite of his ceare
and cbjective sttitude, end perhaps it was the resulting endless dis-
putes end the frustration experienced from repeated failure at such
axperiments that caused some phoneticians to be disapproving of
{nstruments, Thus, Sweet (1911) in the entry "Phonetics" for the llth
edition of the Encyclopedia Britannica briefly outlines the accomplishe
ments of instrumental phonetics but comments

There has been great discrepency between the results
cbtained by different observers, end many results which were
at first received with implicit confidence for their sup- .
posed rigorously scientific and objective character have
been found to be worthless,

Sveet wrote these words in his last years and at the end of his long
career in phonetics (he was 65 years old wlien they were published and
he died the following year in 1912), We can therefore guess that there
may be more disappointment than bitterness underlying his final haughty

write-off of instrumental phonetics in the following passage,

The claims of instrumental phcnetics have been 8o
prominently brought forwerd of late years that they can no
longer be ignored even by the most conservative of the older
generation of phoneticians. But it is possible to go too
far the other way. Some of the younger generation seem to
think that the instrumental methods have superseded the
natural ones in the same way as the Arabic superseded the
Roman numerals, This assumption has had disastrous results,
It cannot be too often repeated that instrumental phonetics
is, strictly speaking, not phcnetics at all. It is only a
help: it only supplies materials vhich are useless till
they have been tested and accepted from the linguistic
phonetician's point of view, The final arbiter in all pho-
netic questions is the trained eer of a practical phoneti-
clan: differences which cannot be perceived must =- or at
least may be -- ignored; vhat contradicts the trained ear

cannot be accepted.

Considering the trials that instrumental phonetice suffered in its
early years it is more appropriate that ve read these comments by Sweet.
vith compassion rather than disapproval, However the situation is dif-
ferent nov and it is very surprising %o find Sweet's statenents e
dorsed by modern phoneticians -- even by thcse who are also instru-
mentalists, Ladefoged (1964) quoted the above passage by Sweet and

added:

For those of us who are not &s skilled as Sweet,
{nstrumental phonetics mey be a very powerful ald and of
great use in providing objective records on the basis of
vhich ve may verify or amend our subjective impressions,
But even the most extensive array of instruments can never
be a substitute for the linguist's accurate cbservation
and imitation of an informant,

6
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This passege in turn vas quoted approvingly by Stevens and Halle (1967T)
1 in support of their claims on the ebstract end mentalistic character
of Thonetic units, Ladefoged, however, points out that the statement o
appeared in a book dealing with the phonetic description of the phono=
logical contrasts in a uumber of languages studied in the field., It
vas not meant to imply that a linguist's cbservations were preferable
to experimental studies in other circumstences (Ladefoged 1969, per-
sonal cormunication), A

Hovever, more debilitating to the field than scorn of instrumental
studies was the disregard of normal scientific procedure, particularly
vith respect to testing one's hypotheses, Testing need not involve
fency instrurents, It amounts merely to refining one's observations
by constructing or finding a situaticn in which the phenomenon or re~ .
laticn cne predicts will be free to appear or not appear -- free, that 3
is, frcao irrelevant influences, Introspection end intuition are, of '
ccurse, perfectly legitirate sources for initial observations, No one
reelly cares how a scientist gets his ideas for hypotheses; but veople
do care whether or not they are subsequently tested, i.e., submitted
to pctential falsification, One cannot terminate one's study with
1 introspection because it is difficult, if not impossible altogether,
to replicate it, and because the results are too susceptible of being
rigged — even unconsciously. As Grandgent (1890) noted, in arguing
against introspective experiments in phonetics, .

«ss sensation 1is ... uncertain; for feeling ‘
depends far less on the actual movements of the organs -
than on the preconceived idea in the observer's mind.

As a result of much flagrant disregard for testing even of its
zost fundamental ideas, phonetics now hes an abundance of terms which
have only an imperfectly understood measing, €.8., syllable, stress,
tense versus lax, etc,

This attitude is still with us and generative phonology, s put
‘ forth in the writings of Chomsky, Helle, Postal, Lightner, etc,, for
ell the good it has done the field by re~chaninelling interest tlong
pore profitable lines, remains one of the most ardent proponenis of
this scientifically anachronistic mode of thought. Of course, this
school does frequently allow that certein issues are "empirical mat-
ters," i.e., need to be tested, (although vhat assumption of fact and
statement of hypothesis is not an empirical matter?), but one mey
questicn hov long a discipline interested in "the nature of mental
processes” (Chomsky and Halle 1968, p. viii) may proceed without
actually performing any convincing experiments involving a human and

his mental processes, The only means of verificaticn the generative \ i ‘
phonologists seem to admit 4s testing vhether or not their system,
primitive units plus rules, is capable of "capturing” certain line @

] guistic generalizaticus. But before this can lead to information on
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mental processes, two more steps must be taken, As Zimmer (1968) has
recently pointed out,

It seems to be occasionally assumed that the very
fact that a [linguistic) regularity cen be stated suf-
fices to justify the inference that it has some kind of
psychologicael reality, but there is surely nothing
necessary about this assumption. One might equally well
assume that someone who learns the sequence of numbers
1, 5, 19, 65, 211, 665 must necessarily know the formula
which relates them (namely that the nth member of the . ;
series equals 38-2R), Of course if this person could _
not only repeat the sequence correctly, but also cone
tinued it on his own with 2059, that would be evidence
that he knows the formula in question, but it is Just H

evidence of such & conclusive nature that is lacking in
the case of some of the regularities we find in lan-

guages.,

RV Syt T S T R

: After writing a rule, the first step, then, is to see if it represents
! e linguistic process that is productive in the rative speaker,
i Testing this point on some phonological rules in Turkish, Zimmer found
l that "speakers may well be only very imperfectly avare of regularities
that do not fall within the system of fully productive rules of their
N language." Ladefoged end Fromkin (1968), however, in en experirent in t
: which subjects were presented with written nonsense words such as
' sublane, sublantory, sublanation, etc, and were asked to transcribe
° the words phonetically, found that subjects could be phonologically
‘ productive along the lines set down in certain rules of English pho-
nology as formulated by Chomsky and Halle.

P
N

‘ But the next step after this is as lzportant es it is difficult.
i This is to escertain how close the rules, a8 written, match the proc-
: ess used by the native specker. Consider another gseries of nuxbers,
i 1, 3, 6, 10, 15, 21, 28, and assume that the subject can produce these
and sll of the succeeding terms, 36, U5, etc., i.e., the nth tern of f
the seiries equals g (1) At least two different algorithms, shown t
i)
iwl
in Flgure 1, can be used to arrive at the correct value for the nth
term. Knowing the second algorithm a bright higheschool student,
given an n of 10,000,000,000 could, vithin a fraction of one rinute,
come up with the correct value for the nth term of the series,
50,000,000 ,005,000,000,000, & feat which would better many computers
using the first algorithm. If ve “psycho-mathematiciens” only knew of
a " the first ealgorithm we would draw some fantastic and erroneous cone
‘ clusions ebout the computing ability of the human brain {f ve assumed
: the human were also using the first algorithm. Thus, even if ve grant
{° ‘ for the moment that the transformational cycle in phanology describes _
a process that is productive in speakers of English (although see ;
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input n

set COUNTER and SUM
equal to O !

set COUNTER equal to
current value of |&——
COWITER plus 1

get SUM equal to current
value of SUM plus
current value of COUNTER
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Algorithn 1

Flgure 1. Tvo algorithms vhich take the same input and give the same

output,
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' speeker is using en algorithm as complex &s the transformational 5
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counter-arguments in Chapter 2, below), nend it follow that the

cycle? It does not follow, for the reasons given above and yet it is
such & claim which Chomsky and Halle use to attribute innate linguistic
structure to human brains, there being, supposedly, insufficient data
or time to learn such a complicated algorithm inductively, Clearly ve
are in need of many more tests,

T

But generative phcnology hes edopted en incredible riyth about the
function of tests, namely that they must always support the hypothesis
tested, otherwise they are defective:

sss Operational® tests, just as explanatory theories,
must meet the condition of correspondence to introspective
Judgemezt, 1f they are to be at all to the point,
[Chomsky 196k, p. 80]

ees If & test designed to demcnstrate behavioral
correlates for ... llinguistic notions such es nouns,
phonemes, etc.] ..o falls to yield the predicted results,
one fezls obligated to modify the test, not the theory.
[saporta 1965)

Would that the world vere so lucky as to have a hard core of clearly
and unquesticnably certain facts. If so, we could happily adopt the
Chomskyen method in science, Unfortunately, history has seen more than
one "intuitively ocbvious fact" overthrown by subsequent scientific
investigatia:, e.g., the flatness of the earth, the motion of the sun
through the heavens, that heavy objects fall faster than light ones,
etc, Lacking omniscience, or divine revelation, sclientists have decid-
ed that it is better not to throw out data if it conflicts with the
posited hypothesis -~ ideally, at least, They do however frequently
present arguments egalnst results that conflict with their hypotheses
by claiming or demonstrating that the experiment is unreliable or
invalid, or both, Unless scientists have good reason to discredit san
experiment (€.8., previous experiments haviug already countered the
revolutionary claim), they usually do not simply ignore its results,**

L] It 18 not clear whether or not "operational” here means anything
more than "involving operations"; if not, it is redundant in that
all tests involve some operations,

e Cf,. e,g., Helmholtz's account (1881) of the treatment accorded
Goethe's "refutation" of Nevton's theory that white light consisted
of a mixture of 211 colors, Goethe's friends at first patiently
pointed out to him how Newton's theory and experiments accounted
for all of his objections, but vhen he persisted, they eventually'

Just ignored him.




"This procedure is followed even in cases where many previous experi=
zents seem to have firmly established a certain theory. Witness, for
exarple, the flood of articles offered as counterevidence to Husson's
(1950) neurochrenexic theory of vocal cord vibration, Although it had
been ccnfidently held for over 200 yeers that the vibrations of the
vocal cords were serodynamic phenomena and not due to individual
ruscular contractions, a large amount of energy was taken to refute
point-by-point most of Husson's innovative claims. The resulting
research (by both sides) has benefitted the field-immensely by en=
larging the store of informstion ebout laryngeal phiysiology and in
soze ceses by increasing the repertory of techniques avallable for
studying the larynx, However, meny of the theoretical points Chomsky
and others espousing generative phonology hold to be so unquesticnably
true that they teke supremacy over experimentel results, e.g., the
utal reality of phoneces, judgments of grammaticality, etc., do not
even fall into the class of issues strongly supported by meny previous
" expericents. All the rore reason, I would think, for encouraging
fellow linguists to start looking for weys of testing them, Instead
Chozsky provides a discipline already having week empirical foundations
with neat rationalizations for why experiments should not be attempted.*

.ss &t the present stage of the study of languege, it
geers rather obvious that the attempt to gain some insight
into the range of data that we novw have is likely to be far
more fruitful than the attempt to make this data more firm,
e.g., by tests for synonymy, grammaticalness, and the like.
Operational criteria for these notions, were they available
and correct, might scothe the scientific conscience, but
how, in fact, would they advance our understanding of the
nature of language or of the use end acquisition of lan-
guage? [196%, p. 61] .

Hov indeed? We can only find out if we try. If we do not try to firm.
up our hypotheses, if we do not try to get some empirical feedback on
our initial guesses sbout the nature of the linguistic rules in the
speaker's head, ve are likely to develop a theory inflated with unreal
and fantastic theoretical machinery exactly as happened in Cartesian
cosmology. I believe Chomsky is completely wrong in the lesson he
derives from the natural sciences vhen he considers the issue of

L One vonders vhether or not this may also be part of the motivation
for the development of that favorite subject of linguistic exegesiss
the dlstinction between competence and performance. Thus it was
asserted that the linguist's tesk was to discover and describe the
native speaker's competence, i.e., what he knew about his languagej :
hovever, tests or any sort of experimental evidence as to the presence ‘' .
or use of these rules were difficult or impossible to obtain due to
"performance” factors vhich obscured the underlying competence.

Linguists vere assured however that statements about the speaker's
competence could still sefely be made in spite of these unsolved
interferences by performance factors.
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- veo Whether the important feature of the successful
sciences had been their search for insight or their con= °

l cern for objectivity, }”
+ess 8 good case cen be made for the view that the

: patural sciences have, by and large, sought objectivity

‘ primarily insofar as it is a tool for gaining insight

(for providing phenomena that cen suggest or test deep
explanatory hypotheses),

+es In linguistics, it seems to me that sharpening .
of the data by more objective tests is a matter of small
{mportance for the problems at hand. [1965, p. 20]

Certainly chemists do not go around seeking the structure of any ren-
domly selected substance Just for the sake of being exact; of course
they and ell scientists seek insight. But the question is whether or
not insight can be achieved without objectivity. 1f any lesson cen be .
learned from the history of the "successful" sciences, the answer is a .
resounding NO, Chemistry only really started making repid progress i H
after Lavoisier, Priestly, Davy, Gay-lussac, Berzelius, and others
concerned with objectivity as well as "insight", had blessed the field,
Similarly so with Physics uand Newton, and vith Physiology and Bernard,

- It seems toO be asgured that linguistics is the exception azong :
sciences, It is assumed that since meny of the posited phonological
entities, such as the phoneme, any ane of the Distinctive Features, or

. the transformational cycle, are all so sbstract and mentalistic that
evidence as to their psychological reality is necessarily hard to obe
tein given the current state of the art in psychological testing.
Thus linguistics is apparently considered to be exempt from testing
until the time comes vhen adequate tests are developed. This is false;
the more abstract a posited entity is, the more likely it is to be
wrong end thus the more it requires a test, Besides, &s ilorthrcp
(1947) end others have pointed cut, all the mature scientific disci-
plines posit unseeable entities, but this does not rean that there can
be no evidence of their existence and cperaticns. Halle (1964, p. 325)
i8 completely unjustified in appealing to the acceptance of the elec~
tron, an unseeable entity, as the model for linguists! acceptance of
the phoneme., The two cases are not at all comparsble, wWhen have line
guists been treated to experiments as beautiful, as ingeniously de-
vised, and as convincing as those performed by Hertz, Thompson, Wilson,
Milliken, and others who have not only deronstrated the existence of *

the electron but meny of its properties as well? Thus I would like to
know exactly which "facts" Chomsky was referring to when he asserted

Like most facts of interest end importénce, [informe- §
_ tion about the speaker-hearer's competence] is neither
N . presented for direct observation nor extractable from data
by inductive procedures of any known sort, (1965, p. 18]




| That the entities we are interested in are usually invisidle is
true, as mentioned above, but that they camnot be known by inductive
procsdures of any known sort has been refuted time and time again in
clence, Cnly if "facts of interest and importance" refer to theo=-
ogical rropositions, perhaps, could this be justified. But I have
een under the impression that linguistics is attempting to find out
oxething about the nature of real mental processes. Is it possible
o know scmething without being able to test it? . Or, equivalently, is
it possible to cbserve anything without it being possible to refine
gne's observations?

It 15 understendeble that to the highly creative and imeginative
nds that have given the world the intellectually satisfying system
f Generative Phonology, the drudgery of experimentation, the pains-
ing putting of one empirical brick on top another is quite boring
1 e3 {indicated by the above quotes, But there really is no other way
\m§ there are many researchers in science who are convinced that their
ingenuity and intellectual powers can be satisfyingly chellenged in
designing end running experiments es well as inventing theoretical sys=
ters which explain their experimental results, Othervise ve might as
well revert back to Cartesian cosmology or Thomistic philosophy or the
Sunday iew York Times crossword puzzle, all three of which never fail
to excite our esthetic and intellectual admiration but which advance
the knowledge of the world not at all,

Chomsky on occasion seems willing to admit this:

«ss I do not think anybody actually working cn lane
guege can doubt ... that sooner or later ... it is going to
be necessary to discover conditions on theory constructions,
coring presumably from experimental psychology or from
newrology, which will resolve the alternatives that can le
arrived at by the kind of speculative theory construction
linguists cen do on thr besis of the data available to them.
That 1s, there will come a point, no doubt, and I think in
gsome areas of linguistics it may already have been reached,
vhere one can set up alternative systems to explain quite
a vide renge of phenomena, One can think that this or that
system is more elegant and much more deep than some other,
but is it right?

ves it Bcems to me that in phonology that point may
have been reached. We can set up quite elegant theories of
phonological structure that can explain quite a remarkable
range of phenomena ... I think rather striking explanations
can be proposed on the basis of theories which, although 1
think they are intellectually quite satisfying, have no
evidence for them other than the fact that they explain
quite a lot of phonetic data, Here, certainly, one hopes
41t will be possidble to go beyond that, and you cannot go
on bey?nd that on the basis of linguistics alone. [(1967a,
P 100
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. - . Ome could quibble over the implication that linguistics needs to be a
non-experimental discipline and that it must lock to other fields to
. do its testing or the suggestion that experirentation is required only

at some critical stege in the progress of a theory rather than being
constantly needed, but the point is clear: without verification from
good experiments -~ from whatever source -- the armchair theorizing
that has typified generative phonology is mere game-playing. Quite a
lot of fun, admittedly, but incapable of telling us very puch about
the speaker's m'ntal processes, which is our set goal, The exphasis
here on the need for an empirical foundation to phonetic and phanolog=
{cal work should not be teken as a denial or rejection of the need for
speculative studies. It should be clear that both speculation and
testing of one's speculations are needed; netther can be dispensed with,

Although I have some argument over the pethodology edopted by ,
generative phcnology insofar as it purports to shed light on psycho= !
logically real entities and processes, 1 in no way deny the significant _
advances and contributions made by this school by wey of describing . J
and cataloguing the sound patterns of languages. Chorsky ard Helle's
The Sound Pattern of Englieh (1968) presents many useful end hitherto
unknown facts about regularities in English phecnology. In eddition
much velusble work hes been done in the generative phonology frarework p
on such diverse languages as Japanese, French, Sanskrit, A:an, Russiun,
Spanish and meny others. Distinctive feature notation itgelf, in its
various forms, represents an advance over previous notations in that
it allows broader, more general repularities in the saund pattern of a
. languege to be stated rost econordcally and in a way thut is fre=

quently quite revealing.

B o

However speech research has now reached a stage where it peeds and
has produced a better way to represent the phonetic facts -~ a wey
which does & much better Job at giving an explaiation of the phenomena ‘
involved. A few examples of sound changes or alternations due to ¢
known causes may meke this clear.

1. According to Wang (1967), in an early stage of Chinese voiced s
end voiceless stops were differenticted Lut later the voicing dis-
tincticn disappeared and was replaced by a tonal di fference on the fole
lowing vowel; low tone aprearing where the consonant preceding had beea
voiced, and high tone when the preceding consonant had teen voiceless, 3
As Wang noted, this is easily explained by considering the rechanicel '
properties of the vocal apparatus, Voicing during an occlusicn tends
to lover the fundamental frequency since the pressure build-up supra= _ 3
glottally tends to reduce the pressure drop across the glottis and )
consequently the air-flow rate through the glottis., Thus upon release
of the voiced stop the fundemental frequency initially rises, In the
case of the voiceless stops, however, particularly voiceless aspirated
. stops, L.e., those in which the vocal cords adduct soze time after the

release Of the stop (of the order of 40-69 msecs oF more), the vocal
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cords are adducted in the presence of an initially high rate of air flow
through the glottis and consequently start vibrating more rapidly (Sato
1958, Lehiste and Peterson 1961, Ladefoged 196Tb, Chistovich 1969,
Eaggard 1969). Thus, upean the release of a voiceless sapirated stop
the fundamental frequency will be falling. These tonal features were
undoubtedly secondary auditory cues for the different lexical items at
the eerly stege of Chinese but when the voiecing distinction wes loat
became the primary distinctive feature differentiating the words,

2, For similar reasons, Punjabi now has replaced what was a
breathy-voiced stop by a voiceless unaspirated stop plus a tonal cone
tour, Interestingly, the tone is falling on the preceding vowel and
rising on the following vowel, as we would expect, knowing that breathye
vciced phonetion lowers fundamental frequency,

3. The reason so meny of the world's lenguages have /I ,a,u/
vowel systers if they are limited to only three vowels is because these
vovels are maxirally distinct from one another in their spectral proper=
ties (Wang 1968),

L. An overvhelring number of sound chenges and sound alternations
cen be explained == or at least rendered plausible == if we consider
the acoustic properties of the affected scunds before and after the
ckenge. For example, the substitution of /?/ (glottal stop) for medial
/t/ in zany dialects of English, e.g., Cockney [bn?i] for "bottle",
is no doudbt due to the strong acoustic similarity between medial /t/
and /?/, i.e., silence and minimel formant transitions on surrounding
vovels. Similar reascns explain the change of /henri/ to /zenri/.

Likewise, such considerations lend plausibility to such wellw

attested changes as:
(g1]18 =+ ([hi]
(xi])
_ (pf])
(] =+ {[f ]
(h ]

(W] + [V ] (where V= vowel end’
N = nesal consonant)

In 'faet it seems safe to say that most sound changes can take place
cnly if they do not result in a drastic change in the acoustic identity
of a vord. .

Many more exemples could be offered, but this is not the placs
(hovever, see Schane 1969, for a more systematic analysis of diverse
types of sound changes). My point is to illustrate particular in-
stances of sound change or sound alternation which are rather easy to
explain vhen represented in terms of the relevant physiology and
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acoustics of speech. The account of such changes in terrs of dis-

~ tinctive features may be adequate and even elegant in their ingenuity,
. ‘ but they are not explanatory. Apparently meny of the inedequacies of
this notation have devned on the generative phonologists, too, and for
this resson the marking convention was adopted (Chomsky and Halle
1968, p. 400 ££.). Specifically, it vas recognized that the system
failed to take into account the "intrinsic content" of the features.
That is obviously true, as I have indicated above, but the proposed
changes still go only a short way towards rectifying that deficlency.
It strikes me that there is no possible way of modifying the dis-
tinctive feature notation, es long as it still represents sounds es a
colum of features and words as a matrix of such features, which will
enable it to conveniently cepturc end explain the significant aspects
of the sound changes and sound alternations pointed out above,
Instead it is necessary to rerresent these processes by cathermatical
or herdvare analogues of the vocal epparatus, enalogues which allow us
to incorporate all the known mechanics and ccnstraints of speech
physiology and speech acoustics. Such models have been ccnstructed

Flenagen end Landgraf (1967 and 19
Umeda end Teranishi (1966), Lindblom

and used profitably by Fent (1956) : Bhrman ena Lindqvist (196§) AQ F
5 .

), Uhmen (1967a), Stevens {1968) R
( 1968a) end many others.

The importance of a notation system in any scientific discipline,
i.e,, the method whereby the researcher can represent and work cver the
accumulated data in simplified form, cannot be overermphasized, The

particular rethod chosen mey stimulate further advances if it is optipal

. or inhibit further progress if it is poorly adapted to the purposes and
needs of the field, The tremendous effect on matheratics of the adcption
of the Hindu number system to replace the Roman number system is well
knovn, Similarly, in chemistry, the usual twvo-dimensional letter-and-
line synmbols for molecular structure, e.g,, that for alcohol,

H H
HeC==C —O0H

H H

, .
proved to be incapeble of conveniently representing important three-
dimensionel structural aspects of the molecule, €.g.,, the distance and
engle of the bond between one atom and ancther. Precisely machined
balls end sticks are an important part of modern chemicel notation eas
vell as being convenient vehicles for research.

Any attempt to improve the notaticnal system for representing
phonological or phonetic facts must be encoureged, But it appears to
be unprofitable to burden any notational system, and in particular the
distinctive feature system, with the task of representing end ex-
plaining all the relevant facts of historical sound change, perceptual
and physiological aspects of sound alternation in addition to aspects
of the acquisition and development of sound systems in children.
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Further it is carrying things a bit far to reject without dise
cussion, as Chomsky and Halle do (1968, p. 327-29), a perfectly good,
experizentally-founded analysis of voicing distinctions in the world's
langueges, nazely that of Lisker and Abramson (196L), in favor of
enother system involving such largely uninvestigated features as
"tenseness", "heightened subglottal pressure", and "glottal constrice
ticn". (See the reply by Lisker and Abramson 1968.)

Recalling again Stevens' evaluation of the field of speech
research, it is impossible to tell when we will have our own analogue
to the periodic teble of elements, but one thing is clear: ve won't
have it until we build up a structure of reliable facts and models
ccmparable to the one chemistry had before the pericdic table vas
propcsed. For the present, though, it seems unavoidable that we shall
prefit from the current trend to investigate the mental processes and
brain mechaniszs underlying observed speech behavior. Our task, then,
18 to try "to see hov the human mind functicns" (Lieberman 1967a,
pe 2). There is some hope that the dividends of this approach will
extend beyond helping us to have a better understanding of how speech
{s ccntrolled end produced, snd how it is subject to chenge, Lashley
(1951) reminded us of Fournie's (1667) comment that "Speech is the
only window through which the physiologist can view the cerebral life.”
Whether it is the only "window" is debatable, but that speech is ex-
cellent subject matter to reveal the workings of the brain is a
reasoneble hope, It may be that by studying the mechanics underlying
speech ve may be able to find out how voluntary motor behavior is
stored latently, selected, activated end controlled -- & problem that
peurcphysiology has attacked for many years using, for the most part,
anirals. The movements of speech have the sdventege over most studies
of moverent in animals -- whether decerebrate or not == in that they
are voluntery, executed under control of the cerebrum, are repeateble
end quantifiable., Perhaps the best example of how phonetics can ex- -
ploit these qualities to its advantage is the work of the group in the
Pazé?v Institute of Physiology (Chistovich, et al. 1965, Ventsov, et al,
1966).

But, agein, if we cen teke eny lesson from the other "guccess ful”
sciences, our understanding of the speech process will have to proceed
bit-by=bit, even if we are lucky enough to have an occasional break-
through. Ve cennot Just build theories in the sky and let the testing
of them wait until later.

In the present work Chapter Two attempts to shed light on the’
mechanisms speekers use to control the fundamental frequency of phona=
ticn in speech. Instrumental investigations of up to five subjects are
reported which lead to the re-affirmation of the traditional view that
fundamental frequency is controlled almost exclusively by the laryne
geal muscles. Claims by Lieberman (1966, 1967a, 196Tv, 1968a, 1966b)
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challenging this view are examined in detall, and an attempt is made

to counter them. Chapter Three coneiders arguments, evidence, and

. experimental techniques relevent to discovering certain possible brain .
mechenisms underlying cbserved speech behavior. In particular, two
issues are covered: the possible role of feedback in speech and how the
timing of gestures in speech is controlled.
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Chapter 2

‘ The previous chapter expressed the view that the task of
phonetics is to discover the stored units of speech, explain how
they are manifested and controlled as a pattern of muscular con- ,
i _ tractions, how they are tailored for optimum communication, and ‘
how they are perceived and identified by the listener. Viewed in \
3 this way, phonetics is but one specialized branch of the behavioral i
sciences. As in any other science this complex of tasks requires
(a) constructing a model of the system we wish to understand and
(b) seeing if the hoped-for correspoudences between the output
of our model and the empiricel observations of the real world
can be dermonstrated.

Although relatively inaccessible, the action of the larynx
and one aspect of its acoustic output, fundamental frequency (F )
or "pitch,” has, perhaps, received more attention and study and
has wore often been modelled than have any of fhe other physio-
logical mechanisms in the speech apparatus. We know much more
about the workings of the larynx and the way in which pitch varies -
in speech than we do about seemingly more accessible articulators :
such as the lips and the lower jaw. This is due no doubt to the
fact that pitch is relatively easily transduced into graphical
form, being readily extractable from the acoustic signal of phona-
tion, wvhereas 1ip movement is not, and due to the fact that a
separate medical discipline, laryngology, exists which gives its
special professional attention to the workings of the larynx. But
the existence of a separate medical discipline has unfortunately
meant a neglect of physiological studies of laryngeal activity
during speech. The usual subject of physiological investiga-
tions have been how the larynx executes variatons in pitch, in-
tensity, or register during steady-state phonation and eimilar
non-linguistic actions.

However we should not overlook two other important factors
wvhich help to explain the apparent lack of attention to speech.
First, the best methods of studying the physiology of the laryax
necessitate either that the larynx be removed from the body, or
{f not removed, that the host be later sacrificed (thus necessitating
animal subjects), or that the vocal tract itself be occupied by
the {nstruments used., These techniques rule out study of normal
speech. Second, it has been assumed, implicitly and explicitly
(Amold 1961) that what was found to be true of singing or non~ . ' .
linguistic use of the vocal mechanism, should apply as well to
speech. This is a reasonable assumption, but until demonstrated
experimentally it would have to remain merely an assumption. As
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we shall see below, Lieberman (1966, 1967a, 1967b, 1968a, 1968b)
raises doubts that this assumption is true, suggesting that the way
F, is regulated in speech is different from the way it is con-
trolled in singing or other non-linguistic phonation.

The main issue of manner of control of F, in speech is, then,
one of finding out if the principles which have repeatedly been
demonstrated to operate during non-linguistic phonation also hold
in apeech.

Such physical parameters as vocal cord tension, the mass free
to vibrate, losses due to collision of the surfaces of the two
vocal cords, air flow through the glottis, etc., all determine
the rate of vocal cord vibration. These are not easy to obtain
in quantifiable form in the living, speaking subject although they
can be quantified in excised larynges. But fortunately some
secondary, indirect indications of the vocal cord tension, the
mass free to vibrate, etc., can be sampled in the living subject,
e.g., the length of the vocal cords, the vertical displacezent .
of the larynx and the electrical activity in the laryngeal muscles,

STUDIES ON EXCISED LARYNGES®

Ferrein (1741), in experiments on excised larynges, estab-
lished that increasing the tension of the vocal cords increases
the pitch of the sound produced (provided, of course, there is
a current of air sufficient to drive the vocal cords). His re-
sults were replicated by Muller (1843) who showed in addition
that pitch could also be increased by augmenting the force or
pressure of the air driving the vocal cords, although it is clear
from his quantitative data that changes in tension were capable of
varying pitch over a much wider range than were changes in air pres-
sure. These results have been obtained repeatedly by other inves-
tigators (Oertel 1895, Réthi 1896, van den Berg and Tan 1959,
Anthony 1968). One obvious difficulty in working with excised
larynges is, as van den Berg and Tan have remarked, the fact that
the muscles cannot contract or maintain their usual tonus. Some
simple movements can be duplicated by the pull of strings ap-
propriately tied to the muscles or cartilages, however the action
of the vocalis muscle cannot be adequately copied. This doesn't
invalidate all the results obtained from excised human larymges,
though, because similar reasults have been obtained with animal
larynges <n vivo (Isshiki 1959, Hast 1961, Koyama, Kawasaki and
Ogura 1969). The studies on animal larynges have been particularly
useful in elucidating some of the inter-relatedness of the para-
meters determining vocal pitch. For example, with a constant air
flow an increase in the stimulation of the adductor muscles pro-
duces en increage in subglottal pressure, intensity, and pitch,
Likewise, of course, a constant stimulation rate plus an

L I1lustrations of the anatomical structures referred to may be

found in the appendix,
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increase in air flow broducea increases in the same parameters, °
Further detailed findings from excised human larynges will be mentioned
below, '

i Electromyographic and Clinical Studies of Laryngeal Activity

Electromyographic studies of the cricothyroid show that it ex-
] hibits increasing activity during rising pitch (Katsuki 1950, Faaborg-
| Azdersea 1957 and 1965, Sawashima, Sato, Funasaka, and Totsuka 1958,
Zezxer and Zenker 1960, Arnold 1961, Ohmgn, Mirtensson, Leanderson,
and Persson 1967, Perkins and Yanagihara 1968), Katsuki found some
] cases of increased cricothyroid activity during low pitch. Zenker and
Zenker characterize the pattern of activity of the cricothyroid as
beirg low for the middle range of pitch but increasing both for low i
pitch and high pitch. Perkins and Yanagihara found this in one case g
out of several. Wenrick (1931) applied electrical stimulation ex-
ternally in the vicinity of the cricothyroid muscle, and, noting that
the pitch of phonation was lowered, concluded that a contraction of
the cricothyroid lowers pitch,

Bt % - S e

Electromyographic studies of the intrimsic laryngeal muscles

) generally find an increase in activity in all the adductor muscles
during rising pitch (Faaborg-Andersen 1957 and 1965, Sawashima, et al. .
] 1958, Ohman et al. 1967). i .
Although the extrinsic laryngeal muscles have been extensively .

investigated during phonation (Michel 1954, Zenker and Zenker 1960, !
Faaborg-Andersen and Sonninen 1960, Sonninen 1956, Arnold 1961, Kimura , ,
1961, Faaborg-Andersen and Vennard 1964, Hirano et al. 1967) there is b
still some doubt as to the action of most of these muscles. The sterno- '
hyocid shows least activity in the middle of subjects’'vocal ranges and ;
increasing activity for low or extremely high pitch (usually above the A
range used in speech) (Hirano, et al. 1967). The function of an ;
increase for high pitch is not clear; the increase for low pitch is {
1 probably related to the common observations that the vertical move- ‘
ments of the larynx correlate well with the variations in the pitch

of phonation (Garcia 1840) and that the sternohyoid pulls the larynx i
downward. The reason for this relation between larynx height and F ;
is not cozpletely understood either, This phenomenon is discussed
further below. '

Hirose (1969, personal communication) reports a case in which a - j
patient who had lost the use of his cricothyroid muscles, but not the i
use of his other intrinsic laryngeal muscles (by an accidental bi-
lateral section of his external superior laryngeal nerves during a
thyroidectomy), could still manage some variations in pitch but com- .
plained he had difficulty in executing high pitch in speech and couldn't ; .
achieve falsetto in singing at all. Similar cases have been reported -
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and reviewed by Luchsinger and Arnold (1965). There is thus much re-
dundarcy in the muscular system regulating pitch such that if one or
two muscles are lost, others can take over and pitch regulation is not
thereby completely lost, although it may be drastically restricted in
range. However, that gome laryngeal muscles must remain in working
order for pitch regulation is suggested by some cases of progressive
bulbar palsy in which the motor cranial nerves, including those sup-
plying the laryngeal muscles, degenerate gradually leaving a patient
who may be capable of phonation but without the ability to vary pitch
(Critchley and Kubik 1925).

An estimate of the effectiveness of the respiratory muscles in
regulating pitch by varying the pressure or flow of the air through
the glottis may be made by considering the ability of patients with
respiratory paralysis to vary. the pitch of phonation., Ladefoged
(personal communication) has studied both paraplegics with paralysis
of all the normal expiratory muscles (see Draper, Ladefoged and Whitteridge,
1960) and poliomyelitis victims who found themselves in an “iron lung”
which took over the function of the paralyzed respiratory muscles. He
reports that neither group had noticeable difficulties in pitch control.
Severe paraplegics relying principally on the elastic recoil of the
lungs after a diaphregmatic inspiration could pronounce short sen-
tences perfectly; and poliomyelitis victims had no great difficulty
in spealing naturally provided they learned to spesk only during the
expiratory phase of the machine's pumping cycle. The “iron lung,”
of course, does not provide any short-term variations in the respira-
tory force and thus whatever pitch variations these patients executed

had to be due to the action of their laryngeal auscles alone. .
(Additional testimony on the naturalness of speéch produced

in an ‘ron lung has been offered by Pcterson (1958) aad by
those who listened to his demonstration (Wang 1962, Martin 1956).

Padiographic and Photographic Studies of Laryngeal Activity

Such quantifiable measures as changes in the length of the vocal
cords, in the thicknesa of the vocal cords, and in the size of the
laryngeal ventricles (ventricles ol Morgagni) are indirect indications
of vocal cord tension and the mass free to vibrate and can be obtained
fairly simply from sagittal and frontal X-rays of the larynx, as well
as from laminograms and from photographs of the vocal cords via ipdirect
laryngoscopy (French 1884, Moeller and Fischer 1904, Farnsworth 1940,
Griesman 1943, Mitchinson and Yoffey 1948, Sonniner 1954 and 1956,
Hollien and Curtis 1960, Keenan and Barret 1942, Fink 1962, Ohala and
Vanderslice 1965, Ardran and Wulstan 1967). Such studies have provided

_yepeated confirmation of the general principle that pitch is varied

by changing the length and consequently the tension of the vocal cords,
and by changing the mass that is free to vibrate.

The good correlation between the vertical displacement of the larynxe
hyoid bone complex and the pitch of phonation in speech and singing has
long been known (Garcia 1640) and is easily noticed in apeakers with a
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preminent ‘Adam’'s apple." Some authors doubt that the vertical move-
ment of the larynx with pitch is necessary or desirable for a 'trained"
singer (Luchsinger and Arnold 1965) .but .that it commonly occurs in the
pitch range used in speech or in speech itself has been demonstrated
ard quantified by Inoue (1931), Griesman, Keenan and Barrett, Amenomori
(1960 and 1961), Sonninen (1956 and 1968), and Vanderslice (1967), and
is evident in many other authors' published data (Arnold 196.). There
is little doubt that there are consistent patterns of muscular action
in the extrinsic laryngeal muscles and the supra-hyoid muscles in the
regulation of pitch in speech, This in itself however does not tell

us the relative contribution of these muscles to observed pitch changes.
Many muscles attach to the larynx-hyoid-bone complex and undoubtedly
influence its position. All of these forces have not yet been iden-
tified or factored out. Roughly speaking, though, it appears that the
height of the larynx varies directly with the log of the pitch of
phonation in the lower end of a speaker's pitch range, i.e., the range
used in speech. The reasons for this is not known exactly but some
interesting speculations have been presented by Sonninen. Upward and
downvard movement may contribute somehow to lengthening or shortening,
respectively, of the vocal cords, or it may assist in varying the mass
that is free to vibrate. Quite clearly this is not the sole mechanism
of pitch regulation since patients having their sternohyoids, omohyoids
and/or sternothyroids severed ca. still execute pitch variations in
speech and singing, although perhaps over a more restricted range than
beég;e the loss of these muscles (Sokolowsky 1943, Sonninen 1956 and
1968).

Aerodynamic Studies of laryngeal Activity

It is not difficult to record subglottal air pressure in speech.
This can be done either by indirect means, e.g., by recording the
esophageal pressure (van den Berg 1956, Ladefoged 1962 and 1967a,
Strenger 1659, Lieberman 1967a and 1968¢c, Vanderslice 1967) or by using
a body plethysmograph (Kozhevmikov, et al. 1966) or by the direct
method of inserting a catheter or needle into the trachea (greatly
facilitated if the subject already has a hole in his trachea from a
previous operation) and connecting the catheter to a pressure trans-
ducer of some sort (Rousselot 1924, Smith 1944, Stetson 1928, van den
Berg 1956, Fischer-Jorgensen and Hansen 1959, Isshiki 1959, Ladefoged
1960, Ohman and Lindqvist 1966a and 1966b). It is now also possible
to insert miniature pressure transducers directly into the trachea
(Koike and Perkins 1968). With the exception of Stetson's claims
that a separate breath pulse or subglottal pressure peak is present
for each syllable (a claim which was falsified by Ladefoged, Draper,
and Whitteridge 1958, and more recently by Lieberman, Oriffiths, Mead,
and Knudson 1967) these investigations yield much the same
picture of subglottal pressure in epeech. It necessarily becomes
positive during expiratory phonation, usually rising rapidly before
and falling rapidly after phonation, but maintsining a fairly conastant
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level in between. Momentary ‘increases in subglottal pressure are
noticeable on emphasized (''stressed" or “"accented'') syllables and
have been shown by electromyography to be due to some extent to
contractions of the expiratory muscles (Ladefoged 1962). Some
momentary variations in subglottal pressure, however, can be at-
tributed to short term variations in the glottal resistance
which is regulated by the laryngeal muscles (Ladefoged 1963,

_ Broad 1968) . Some variations in subglottal pressure, particularly
short term variations, ..e thus a function both of the respiratory
apparatus (active expicatory effort plus the passive effect of the
elastic recoil force of the lungs and thorax) as well as the mean

glottal resistance.

Increased air flow (or subglottal pressure) has been shown to
increase pitch in the living subject in the investigations of van
den Berg (1957), Isshiki (1959), Ladefoged (1963) and thman and
Lindqvist (1966a). These studies all showved that a push on the

chest or abdomen of a subject attempting to phonate at a steady
pitch level causes the pitch to rise involuntarily and immediately.

This effect is certainly familiar to anyone who has attenpted to
sing or carry on a conversation while driving over a bumpy road.
1€ one assumes that the laryngeal adjustment is constant in these
cases, the measured value of AF /APs (with F, in Hertz and P  in
centimeters aqueous, i.e., eentgmeters of water) should be a
fairly accurate quantification of the effect of subglottal pres=—
sure on F, for a given adjustment of the larynx. Table 1 gives
the values of this expression from the experiments of Isshiki
(1959), Ladefoged (1963), Ohman and Lindqvist (1966a), van den
Berg and Tan (1959), Furukawa (1967), and Anthony (1968), the last
three working with excised human larynges.*

As mentioned above, excised larynges lack the usual muscular
tone in the vocalis and other parts of the thyroarytenoid muscle.
Since contraction of the vocalis can significantly affect the glot-
tal resistance which in turn affects the rate at which a given level
of P_ can affect F,, values of AF,/APy obtained in such studies may

be tgo high.

On the basis of such a "calibration" of the effect of variations
in subglottal air pressure, only Ladefoged (1963) and Uhman and Lind-
qvist (1966a) actually made any specific claims about the relative
contribution of the entire laryngeal musculature and the subglottal
respiratory musculature towards effecting the observed pitch changes

* Values of AFOIAP are also available for nqn-humnn larynges, €.8.,
Hast (1961) working on dogs' larynges in Vivo obtained values
in the range 2.3 to 2.9 Hz/cm. aq. However, these may not be
directly relevant quantitatively to studies of human larynges.

Cf. also: Negua, V.E., (1949), p.142,
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Table I. Calibrations of AFO/APG (in Hz/cm, aq.)

Source Normnl Yoiae |(Falsetto Conditions
Isshiki 3.3 - 1 sample from 1
(1959) subject, male;

pressure obtainaed
from tracheal needle

: Ladefoged* 5 ~— 1 subject, male;
ﬁi (1963) pressure estimated
m from esophageal
A‘ , balloon

Ohman and Lindqvist®*| 2.5 — 1 subject, male;
(1966a) pressure obtained

from tracheal needle

van den Berg and Tan | 5-12 17-20 excised male laryax
(1959) representative of some
30 other larynges
Furukawa 0-16 .- excised larynx
(1967)
Anthony 6-8 —— excised female
(1968) . larynx

in speech. Using the value of S Hz/cm. aq. Ladefoged factored out
those pitch variations attributable solely to changes in the pressure

. Ladefoged reported the va.ue of 1/2 octave/7.5 cm.aq., but his
figure suggests that it was more like 1/2 octave/9 cm. aq., which
over the pitch range covered, equals 5 Rz/cm. aq. In addition
Ladefoged and McKinney (1'63) in an earlier article had reported
sampling the subglottal p:essure and F of a subject producing
monosyllabic words at various intensitfes with unrestrained pitch.
They noticed a good correlation between the peak pressure and peak ‘
F of each word and the velue of AF‘/ZP was very close to that
£3und by Ladefoged (1963) ,namely, 7°5 HZ/cm. aq., even though
there was no attempt to insure an unvarying laryngeal adjustment
in this case. They noted that "it is interesting to speculate on
the extent to which changes in intonation in English might be due
to variations in s bglottal pressure rather than variations in the
tension of the vocKi cords," (p. 458)

oo Ohman and Lindqvist reported that the period of the glottal vibration
diminishes by .16 msec,/cm. aq., which works out to an increase in
pitch of approximately 2.5 Hz/cm. aqe. in the pitch range studied.

PUUIREICEREEEE L




el

23

drop across the glottis (especially owing to supraglottal prassure
increases during consonantal articulations) and thus derived another
curve labelled '"vocal cord tension,” defined as ''the sum of the
physiological factors affecting the adjustment of the larynx" (p.

' 118). By far the greater part of the gross variations in F, were

attributable to this parameter.

Ohman and Lindqvist, having determined the value of 2.5 Hz/cm.
aq. experimentally, similarly factored out those pitch variations
that could be attributed to the changes in the pressure drop across
the glottis and derived curves representing the action of the laryn-
geal musculature, Again, most of the observed pitch variations
were assigned to the action of the larynx. The pressure riges on
stressed syllables were said to be capable of causing at most only
about 10% of the observed pitch rise. They noted as well that

«sothe AP change [i.e., the change in the pressure drop
across the glottis) which is due to stress is alvays much
ewaller than that due to stop consonants for instance, and ... b 4
theychanges during the stressed syllables do not correlate A
well with the stress-induced AP changes either in phase
or in amplitude. ([p. 4]

Relevant to this issue are the studies of Flanagan and Landgraf
(1967 and 1969). and Flanagan (1968), who, on the basis of calculations
from a mathematical vocal cord model suggested that acoustic coupling
of the vocal tract and the vocal cords may become more important
with constricted vocal tract shapes such as that for /u/ and that
therefore certain values of subglottal pressure would have a greater
effect on Fo {f the vocal tract configurartion were constricted than
1f it were relatively open, Isshiki's, Ladefoged's and thman and
Lindqvist's calibrations were performed while their subjects phonated
open vowels and thus would not show this coupling effect if it d-es
exist. In applying such values of AFolaPs to real speech situa-
tions it must be remembered that this value varies to some extent
with the mean glottal resistance. Glottal resistance may undergo
considarable short~term (100-200 msec.) variation in running speech,
as is evident by the momentary drops in pressure during {h]'s. Also
Isshiki found that the minimum subglottal pressure required to main~
tain phonation varied directly with the pitch, which suggests that
the mean glottal resistance also varies with pitch. This was con-
firmed experimentally by Yanagihara and von Leden (1966).

vanderslice (1967) made a qualitative estimate of the relative

" contribution of the subglottal air pressure and the extrinsic laryn~

geal muscles. He recosded the esophageal pressure, larynx height,

and F, (although not simultaneously in the case of the first tvo
parameters) and found the larynx height (a measure of the activity

of extrinsic laryngeal muscles which affect pitch adjustment --

see above) to be in better correlation with' the F, than the pressure was,
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He concluded that "intonational pitch control is primarily vested
in the larynx."

The conventional view of pitch control was challenged however
by Lieberman (1966, 1967a, 1967b, 1968a, 1968b). He gampled and
recorded the subglottal pressure and the F, for three speakers’
productions of several sentences with various intonation contours.
On some sentences (statements and WH-questions, i.e., those having
a terninal fall in pitch) he noticed a good correlation between
the pressure and the F_ ; on others (yes-no questions, or those
having a terminal pitch rise) the correlation was not very good,
especially at the end where the pressure fell but the pitch rose.
He concluded that in the first class of sentences the correlation
was of a causal nature, i{.e., the subglottal pressure fully deter-
mined the pitch variations and the laryngeal contribution was
assumed to be zero or negligible. When the correlation was poor,
as it was for the terminal portions in the other class of sentences,
it was allowed that the laryngeal musculature was active in in-
fluencing the pitch.

Lieberman employed the familiar term "breath-grouh" to refer
to the complex coordinated physiological activity which goes on
in between successive {nspirations in speech and which initiates
and supports phonation and produces the observed variations in
intensity and pitch (or at least those which cannot be attributed
to alr pressure transients due to supra-glottal articulations).
Borrowing the terms and concepts of '"marked" versus 'unmarked"
from Chomskyan and/or Praguian linguistics he referred to the first
set of sentences as ''unmarked breath-groups" (symbolized [-BG))
since they are alleged to involve the least expenditure of effort -
and are supposedly simpler, intonationally, than the other sentences,
which thus become the "marked breath-groups." That is, Lieberman
suggests that if the speaker doesn't do anything extra with his
laryngeal muscles he winds up with an unmarked breath-group (and
the pitch falls at the end when the subglottal pressure does). If
he does perform an extra bit of work with his larynx at the end of
the sentence, he gets a '"marked breath-group' (and the pitch rises
in spite of the fall in pressure). Further, Lieberman's data reveal
the well-known momentary increase in subglottal pressure and the
concomitant increase in F_ when a syllable is emphasized or re-
celves prominence (symbolgzed [+Pg]). This pitch rise, like the
pitch fall of (-BG) he attributes solely to the effects of the
subglottal pressure.

Obviously any claim that in some environments F, is determined -
by subglottal pressure and only negligibly by laryngeal adjustment
must rest on the more fundamental claim: that the observed varia-
tions in subglottal pressure are themselves not determined by laryn=
geal adjustment. Lieberman in fact does not address himself to
this issue nor does he attempt to prove or justify it logically
or experimentally. It is however the logical basis on which his

other claims rest and must be considered as part of
his hypothesis on the physiological basis of

27
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‘intonation.

Lieberman made no attempt to calibrate the effect of subglottal
pregsure on Fg, but having merely assumed that the laryngeal ruscles
vere inactive with respect to pitch in the unmarked sentences, he
plotted (in Lieberman 1967a) the F, egainst the corresponding sub-
glottal pressure at 30-0dd points and arrived at values for AF /AP
between 16 end 22 Hz/cm. aq.,* vhich are from 2 to B times larger than
the values obtained fcr normal voice by the authors cited above, vith
the exception of the values calculated by Flanagan and Landgraf (1567)
and Flanagan (1968) from their model of the vocal cords. Lieberman
recognized this disagreement betveen his values for the rate at which
subglottal pressure could affect Fo and those published by others who
had experimented with actual larynges, He suggested that this could
be attributed to a basic difference in the manner of control of Fo
in speech and in singing (the "calibration" such as Ladefoged and
Ohman a?d Lindqvist performed having not been obtained during speech
as such).

In some of Lieberman's records the Fo does not follow the sub=
glottal pressure in the way predicted. To account for these discrepancies
he suggests that there are "archetypal"** physiological correlates

. For some unexplained reason, in the summary on p., 106, the range
of values for AFo/4Pg is reported as being 17-20 Hz/cm. &g, This
is, though, the least of the inconsistencies between the main body
of the book and the summary, On pp. 95-96 it is admitted that the
data points for these graphs

++s Were measured ,,, at points vhere ve assumed
that the tension of the laryngeal muscles was
unchanged, [italics mine)

But in the summary on pp. 106-107 this assumption is suddenly proved
by thefdata it wvas based on:

These (graphs) showed that the tension of the
laryngeal muscles was relatively constant during
the nonterminal portions of the breath-group.
[italics mine]

%% The use of the term "archetypal" {s particularly unfortunate, It
might be thought to denote merely something like "basic," "classic"
(in the colloguial sense), "normal," or "statistically frequest.”
Hovever, it connotes much more, such.as "innately determined," "pri-
mordial,” or "primeval." This would perhaps be appropriate vhen ape
plied to the "unmarked breath-group,” the characteristics of vhich
Lieberman does claim are innately determined, however this term is

28
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of the basic phonological units (or "features"®), the "breath-group"
([BG]) and "prominence" ([Pg)), and that the speaker and hearer en=- _
code and decode speech with reference to archetypal or more basic .
forms of these abstract units; however the speaker may also employ :
"alternate articulatory maneuvers" which are physiologically different

from the archetypal forms but vhich produce the same acoustiec output,

Comrunication is not thereby impeded, the argument runs, because the

acoustic shape of the unit is all that ultimately matters for suce !
cessful covmunicetion. Thus the "archetypal" form of an unmarked !
treath~group would require that the subglottal pressure fall at the ‘
end and that the F, fall simultaneously. If, however it is observed
that in a particular case the subglottal pressure does not fall at

the end tut the F, falls anyway, (as happens in figure L4.25, p. 86,
Lieberman 1967a), this is explained as the speaker employing an
"alternate articulatory maneuver" (in such a case, changing the
tension in his vocal cords) which still results in the intended acous=
tic correlate, the terminal falling pitch. In this way Lieberman
ceatly accounts for all the data which fit his theory and seemingly
for those which don't, as well,

Other evidence is adduced by Lieberman to show that his posited
features [+P. ] and [+BGC] are psychologically real and that (-BG)] is
innate and thus universal to all human lenguages. This extra evidence
included studies on newborn infant cry, a psycholinguistic experiment
of Hadding-Koch and Studdert-Kennedy (196%), and evidence on the
intonationel patterns found in many diverse languages,

Althougn Lieberman has offered his theory of intonation as being

also applied to the "marked breath-group," i.e., the increase

in the tension of the laryngeal muscles at the end of a question,
and to the "marked" state of the feature [Py}, i{.e., the momen-
tary increase in the subglottal pressure, There is no evidence
offered that the characteristics and the manner of using the
latter units are innately determined.

b The term "feature" as used in most current works espousing
generative phonology, means something more like "unit" or
"primitive entity" in forming contrasts, rather than the usual
dictionary meaning of "feature" which is "... a distinct, or
outstanding part, quality, or characteristic of something ..."
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“verified" Lieberman (1968a, p. 157) and although his theory is being 4
confidently accepted in some current literature, his claims are obvia % :
- ously far reaching enough to merit close examination and attempts at A
replication. The claim that the laryngeal muscles are negligibly in- S
volved in producing the observed pitch variations in speech (except i
for the terminal rise in yes-no questions) is exactly opposite to the | é

treditional view maintained by such phoneticians as Sweet (1877, p. 93) {
and Fry (1964, p. 217-218), the view which has been lent support by the {
experiments of Ladefoged, Uhman and Lindqvist, and Vanderslice. -

It was with the intention of shedding some light on the issue of
the extent of participation of the laryngeal muscles in regulating
pitch in-speech that the studies to be reported below were undertaken. {

The investigations reported here were conducted in collaboration
with Dr. Minoru Hirano, The purpose of these studies was quite simply i ]
to assess the relative contribution of the larynx in producing the

L v 2 d o

observed variations in the F  of phonation during speech, There were £

three separate studies, T

: |

b STUDY ONE: EMG FROM LARYNGEAL MUSCLES OF FIVE SUBJECTS £
. i
In the first study electromyographic recordings from various 3
laryngeal muscles were obtained in five subjects during the production ,
of various English sentences incorporating a variety of prosodic pat- 1
terns, Table II indicates which muscles were recorded from in which 1
aubjgct. 2

Table II, Schedule of Muscles Studied in Five Subjects

LS

1
lateral posterior , ]

erico-, crico- inter- crico- sterno- F

thryoid arytenoid vocalis arytenoid| arytenoid hyoid 1

Jo X X X X X X 1

GA X X X '

. 3
DB X X X %

) w X X X X X f
1C X X X !
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The extent to which any given muscle was investigated in all
these subjects is also an indication of the confidence with which
conclusions are stated about the behavior of that muscle in regulating
F . All subjects were adult speakers of Standard American English and
a2l but subject LC were male. Subjects JO, GA, DB, and WV had all had
phonetic training and subjects WV and IC were professional singers.
All had normal larynges and were free of any speech defecta.

Although many different sentences were spoken by each subject,
the following are the items used by all five subjects:

(1) Bev bombed Bob. (As a possible answer to 'What happened?')

(2) Bev bombed Bob. (As a possible answer to 'Who bombed Bob2")

(3) Bev bombed Bob, (As a possible answer to 'What did Bev do

to Bob?")
(4) Bev bombed Bob, (As a possible answer to "Who did Bev
bombd2 ")

(5) Bev bombed Bob? (Echo question to sentence #)
(6) Did Bev bomb Bob? |

(7) Did Bev bomb Bob?

(8) Bob. (Elliptical reply to " Who did Bev bomb2')
(9) Bob2 (Echo question to sentence #8)

Subjects JO, GA, and DB also spoke the sentence ‘Joe ate his
goup," with similar variations in accent and in question versus state-

ment format.

The "Bev bombed Bob' series was chosen since only sentences which
minimized the involvement of the laryngeal muscles for "gegmental "
gestures could hope to reveal those muscles' participation in purely
prosodic gestures. We attempted to eliminate phrases including (a)
vord-initial vowels, since they are often initiated with a glottal
gtop and would require action from the vocalis, (b) voiceless conso-
rants and /b/ since they both involve activity of the lateral crico-
arytenoid and the interarytemoid, and (c) lingual consonante, since
they seemed to involve noticeable activation of the sternohyoid. In
fact it turned out to be impossible to completely eliminate segmental
involvement of the sternohyoid since it is active for tongue retraction
and jaw opening, both of which were present in our test sentences.
Still, however, its participation in prosodic gestures could be ev-
aluated by comparing sentences which were identical except for varia-
tions in pitch.

No special instructions were given to the subjects as to how to
read these sentences. There Were, as a result, some minor differences
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in the prosodic patterns used, especially in the various question
forms, However this in no way interfered with the main purpose of the
study which was simply to find out if the laryngeal muscles regulated
the Various pitch modulations in speech or not,

In the course of this investigation & new technique was developed
for obtaining electromyographic records from the intrinsic laryngeal
muscles. A full description of this technique can be found in Hirano
and Ohala (1969). Briefly, this technique involves a combination of
the hooked-wire electrodes similar to those described by Basamajian
and Stecko (1962) and the mothod of transcutanecous insertion icto the
intrinsic laryngeal muscles as developed by Hiroto, Hirano, Toyozu=zi,
and Shin (1962) and as used by these authors for the first electro-
myographic study of the laryngeal muscles in speech (Hiroto, et al.
1967). Transcutaneous insertion, i.e., inserting the electrodes
through the skin and other tissues of the neck (instead of passing the
leads through the mouth and pharynx) has the advantage of permittircg
the subject to articulate pormally. It has the evident disadvantage
that, with the exception of the interarytenoid muscles and the vocalis
muscle (where the leads cross through the laryngeal cavity) one cannot
visually verify that the electrodes are in the desired muscle. How-
ever correct placement is possible by means of palpation, knowledge
of the anatomical environment of the target muscle, and, finally,

. having the subject execute gestures known to involve certain muscles
_end not others (e.g., coughing, quiet breathing, singing musical

scales, etc.), and, comparing the obtained IMG activity with previous
records from the same and other muscles. Figures 2, 5, and b ghow
the paths of insertion for some of the laryngeal muscles.

The articles cited above do not explain the method of inserting
the electrodes into the sternohyoid. This muscle can be palpated oa
the neck and stands out particularly well when the subject strains
against an upward force on the underside of his chin., The electrodes
are inserted at the level of the middle of the thyroid cartilage and
as close to the midline as possible and, as with the other muscles, as
parallel to the puscle fibers as possible, In this area the only
danger of contamination is from the omohyoid, and possibly the thyro-
hyoid. These can be easily avoided if the insertion is kept close to
the midline. Two thin wire electrodes with hooked ends are inserted
{nto the muscle with an ordinary hypodermic needle which is then with-
drawn, leaving the hooked wires in place. The hooks in the wire are
strong enough to prevent electrode slippage during ordinary speech
movements, but are not so strong that they won't unbend and slip out
painlessly at the eud of the session when they are pulled firmly.
These electrodes, once embedded in the desired muscle, cause the sub=
Ject little or no discomfort, so that up to two or three hours of
electromyographic recording can be obtained. Further, the bi-polar
wire electrodes provide greater localization of the area from which

i —— Attt e BBt
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\ Figure 2, Direction of insertion of needle into the lateral crico= ’
arytenoid and posterior cricoarytenoid muscles, (From |
Hirano and Ohala, 1969)
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the action potentials are obtained than do mono-polar electrodes,

Figure 5 gives a block diagram of the experimental apparatus used
for gathering and processing the data, A detailed description of the
characteriatics of the EMG pre-amplifier and calibrator is given by
Hubler (1967). The computer program used in averaging the data is
deacribed by Fromkin and Ladefoged (1966) and by Harshman and Ladefoged
(1967). The F_ extraction system was built at the Speech Transmission
Laboratory, Stockholm, in accordance with a design of Arne Risberg.

It was modified by the addition of an interval-to-voltage converter
(McKinney 1965). The frequency response of the data-gathering portion
of the system was limited by the tape recorder which was flat (to
within -3 dB) from 70 to 10 kHz, In the data processing phase the
response was limited by the oscillomink and was flat (to within ~3 dB)
from DC to 1 kHz, or by the computer processing, which except for the
initial high-pass filtering of the signal at 100 Hz (to remove possi-
ble movement artefacts) processes several signals (by adding them and
subsoquently “smoothing' them) in a way that is not easily quantifi-
able with respect to frequency response.

The EMG activity was evaluated in conjunction with the audio
signal and the pitch curvea on the basis of either oscillomink tracings
of the "raw" eleciromyographic signals or computer-averaged EMG signals
(or both)., Computer averaging was useful when the activity of a given
muscle during contraction was visually difficult to separate fron its
background activity, as was usually the case with the lateral crico-
arytenoid, but hardly ever true in the uvase of the ericothyroid,

Meaningful comparison of the amplitudes of EMG records is re-
stricted to those that have been obtained from a single insertion
site during one recording session, It is not possible to say on the
basis of EMG records alone whether muscle A contributed more to such-
and-such a gesture than muscle B, Nor can we say meaningfully that
puscle A in subject X showed more activity than the same muscle in
subject Y, This should be borne in mind in considering tha results
presented below,

Results and Discussion

Figures 6 through 16present some of the 'raw'" and processed EMG
data obtained in this atudy.

First, it is quite obvious that the laryngeal muscles particpate
actively in F_ control, A careful comparison of the records, for
example those’of the cricothyroid in Figures 8a and 8bwhich have the
same phonetic "segments' but which differ only ir that the word “Bob "
in8vhas a terminsl rise in pitch whereas that in 8a does not, proves
that the differences in muscle action potentials are related to the
pitch variations, not to segmental gestures. The cricothyroid is

S PR

o Tl e c b

o de it

o o X

it

ey

o




AL T

PPy

LAk cos il cvinate ancncnd b Ve

*gnjexedds TejuawiIadxa JO wexBep JIVERTDS

b &L T

9O3%d |

Jaxwadspnorg]

@

JojuoT11o8)
Tamueyd-9

-1
§
]

AR

23330Td
A=x

S

€ oWl ;
w2 ORd

=)
" .uv.:h._”oxm

otpny

x9qndro)

8=ONI1

1988721 ) otony PIdURAPY

34

G AMITIL

oJo

*oay adey,
TIUTRYI~n

dWv
-3ud
9

O

qyoog Juypaoday

Y

o —
T AN T SR ran, A =, s e e




1T o e S IO L R XY

4oins  pndabe

1lei bhM AT o r

= Ay de 8 BN i

7 Hadeadiade i iaiow Homan e A1

! apsdnldan ot

35

° ASYg,, uo

3d390%® Y1laA Inq ‘w9 Iandyg uy sy °q9 Aandtd
,dogullus=p
o1 SO . 9

prokyoussis :oW3

ploidyionny
0wl

\
prousjlioonsy @Iso] (OW3I

*payjooms puw pIderaaw
Sp31371031 uaaq 2auY YITHA SUINOY
G2 judsaxdax steudis for :393fqng °v9 AanBid

_.ulfluws:p

ol <o o

proidyions) :OW3

P
prousiAinons) joisioy oWl

J%°8  pequeq g, .w.
/ N — m
E

38




. ,q0€,, U0 U Piespip e ‘
TapA INQ ‘g InSTL UF 8V -pg dIIN 400508 WITA ANQ sy SITTI UT SV °09 MK

{3} ..m ’
- ZWIL
ol SO0 9 - = = ?

{ae)

prokyousdls :OW3

profyoussis OW3

A e Y s
proshyions) :OW3I

\
proudikinon) jois0] :ONI

prousjiioans) |0s8(0) "Uﬂm

w peawed asg, oS uh Jq°8  Paqwed asg M
~— )

 — _

oa = ost ~

36




37

sgreudys passasoadun ¢of :q29fqng  *w/ dxndyd

i E . -
i‘l@%fb wﬁf J.,%f_h_. bl _.Ew? -
AP |
pioua}kip0d2140 {0434D] : O3
ey ot M
_: _ _-".__L .:ah‘—bm, |
i 1
oipny
(woyd Bunioy) ,qo8, -

Sosw oom




*®/ 3andy4 uy sy °ql ImIYY

oipny

38

e to JT TR RN




I

!_M,O: teral Criconrytencid

EMG: C.\cothyrold

EMG:

EMG: Laters!
Criconrytencid

EMG: Cricothyroid

EMG: Srernchyoid

/ (1] K 1.0

Figure 8a.

Subject: JO; paramsters as in Figure €a,
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“Bev bombed Bob.”

Figure 13, Subjectt WV, processed signals as in Figure 68} from
top to bottom: cricothyroid muscle, lateral cricoary=
tenoid muscle, vocalis muscle, audio, and fundamental
frequency (dotted line),
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relatively inactive, in fact, except when there is a rise in pitah,

On the other hand, the lateral cricoarytenoid is active immediately
before the onset of and throughout periods of voicing, but can be geen
to increase in activity duriug a rise in pitch, as, e.g., in Figures
7a and 7b. The sternohyoid shows intermittant activity, some of it
clearly associated with non-prosodic gestures, and some with lowering
pitch, e.g, in Figures 11n-d, the sternohyoid shows activity at the
beginning of the sentences (perhaps for the jaw opening in "Bev") as
well as during lowering of pitch.

Contrary to the findings of Katsuki (1950), Zenker and Zenker
(1960), Perkins and Yanagihara (1968), and Wearick (1931) there was
no indication in this investigation that an increase in the activity
of the cricothyroid muscle is associated with low pitche Katauki
found this pattern only when he used surface elect odes and thus the
signals obtained could easily reflect contamination from the sterno-
hyoid, which, as mentioned, does show increased activation for low
pitch. This could also explain the findings of Wenrick who used sur-
face stimulation on the larynx, assuming that only the cricothyroid
muscle would be affected by the clectric pulse applied lateral to the
cricothyroid space. Since zenker and Zenker as well as Perkins and
Yanagihara used needle electrodes in their studies, it is possible
that they, too, were actually recording from the sternohyoid muscle
in those cases where they found increased activity for low pitch,
Hirano and Ohala (1969) have shown that the depth of insertion of a
needle electrode is of critical importance in order to obtain recordings
of the cricothyroid muscle and not the gternohyoid (see Figure 18).
And it is quite easy for a stiff needle clectrode to slip out of its
original placement during the course of an electrumyographic recording
session, Further evidence that 7enker and Zerker were recording from
the sternohyoid is the report by Zenker (1964) that they found in-
‘ereased activity in what they claimed to be the cricothyroid nuscle
for such gestures as jaw opening and back tilting of the head, two
gestures more reasonably involving activation of the sternohyoid but not
of the cricothyroid.

Second, the cricothyroia and lateral cricoarytenoid show increases
in activity not only for terminal rises in pitch, where it is not dis-
puted even by lLieberman that the laryngeal muscles cause the pitch
rige, but also for pitch rises anywhere else in the breath-group, where
he claims that the pitch rises result primarily from increases in sube
glottal pressure. Compare, for example, Figureslh,1%, and 16 with
Figure 17 . Further, these increases in muscle action potentials are
of the same order of magnitude no matter where the pitch rise oc-
curred within the breath-group. 1f it is admitted that the laryngeal
muscles are the prime cause of pitch rise in one environment, it is
hard to avoid the conclusion that when they show the same degree of
activity elsewhere they are the prime caugse of the pitch rise thero
too.
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Third, given the common observation that the larynx moves up and
down in conjunction with variations in pitch, it is not surprising to
find that the sternohyoid, which is capable of lowering the entire
larynx-hyoid apparatus, shows increased activity when pitch is lowered,
as can be seen in Figures 6a through 6d, 10a and 10b, and lla through
11d. But this again provides no support for Lieberman's contention
that the terminal drop in F_ at the end of "unmarked" breath-groups
is due to the falling subglgttal pressure, And, as with the muacles
active in raising pitch, the sternohyoid exhibits thig pattern no mate
ter whether the drop in pitch occurs at the ond of a breath-group, as
it does in Figure lVaor if it is well before the end, as it is in
Figure 10b, The remaining activity of the sternohyoid is probably
due to its participation in movements of the jaw opening and tongue
retraction, although this has yet to be firmly established.

Figures 14 through 17 show significant increases in vocalis activity
concomitant with increases in F_, although it is active as well for
gestures not associated with pi ch, e.g., for glottal stops, as in
Figure 17, These findings agree with those of Faaborg-Andersen (1957
and 1965), An investigation of singing in which either intensity
or Fo were held constant while the other parameter changed revealed
that®in chest register the vocalis participates both in increases in
pitch and intensity -- see Hirano, Ohala, and Vennard (1969). The
large increase in the vocalis muscle's activity during pitch rises on
erphasized words suggests that the glottal resistance increases at these
points. This being the case it is possible that some part of the in-
creased subglottal pressure encountered on emphasized words is due to
this increased glottal resistance and not entirely due to increased
respiratory effort, This is not surprising and is in essential agree-
ment with the above-mentioned studies on animal larynges (Koyama, et
8l. 1969) as well as the aerodynamic studies of speech activity (Ladefoged
1963, Broad 1968). But this provides no support for the claim under-
lying Lieberman's assertions about the dependency of F_ on subglottal
pressure, His assertions rely on the assumption that subglottal
pressure is itself not dlependent on laryngeal adjustment, To the ex-
tent that subglottal pressure is itself partly determined by laryn-
geal adjustment it is logically not possible to say that Fo in speech
is determined by subglottal pressure and not all or only neégligibly
by laryngeal adjustment,

Only the interarytenoid and the posterior cricoarytenoid muscles
showed no activity correlating with pitch variations. (In fact, the
interarytenoid activity did occur with pitch rises, at the extreme
high end of the subject's pitch range -- well beyond that used for
speech, Cf, Ohala, Hirano, and Vennard, 1968), Rather these muscles
were more active with segmental or respiratory gestures.
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SfUDY TW0: CALIBRATION OF EFFECT OF SUBGLOTTAL PRESSURE ON PITCH

A calibration of the effects of either laryngeal adjustment or .
! subglottal pressure on Fo of phonation requires holding one of these -
: constant and varying the other, 1t is easier to hold the laryngeal ad-
justment constant and vary the subglottal air pressure, rather than the
other way around, since laryngeal adjustment is difficult to quantify
acyway. The procedure repeated that used by Isshiki (1959), Ladefoged
(1963), aad Unzan and Lindqvist (1966a). The experiment involves having
: a gubject maintain a steady pitch and then pushing on his chest or
' abdozen at unexpected moments. The pushes cause rapid involuntary in-
: creases in pitch. The assumption underlying this experiment is that
' trere will be insufficient time for tne subject to reflexly adjust his
larycg2al zuscles and that the laryngeal adjustment can be taken as
reszaining corstant. One can thea meacure the increase in subglottal
: pressure acd the conconitant increase in F_ and calculate the effect
' of inecreases in subglottel pressure on the pitch in Hz/cm. aq. In
’ the present study, as in that of Ieshiki ¥ the activity of the laryngeal
. puscles (in the present study, the cricothyroid and lateral crico-
: aryteroid) was sampled in order to make sure that their tension did
! not change during the pushes.

i Subject JO from the previous study was the only subject in this

; study. Subglottal pressure was obtained from a modified spinal needle .
i inserted in the larynx between the thyroid and cricoid cartilage, which

‘ was connected via & short plastic tube to a Greer photoelectric air

pressure transducer. The frequency response of the system was flat .
within =3 dB from DC to 25 Hz. The subject was seated comfortably in ' ’
a chair with his eyes closed and attempted to maintain a given pitch

while phoratircg the open vowel /a/. At unexpec.ed woments he received

a slight push on the chest or abdomen. Various intensities, various

pitches and various modes of phonation were used in calculating AFO/AP .

Tre pressure before a given push was subtracted from the peak pressure

to give APB and the difference between the values for Fo at these two

points provided A4F , The initial value of F_ was plotted against the

ipitial value of P° and the peak F_ against ®he peak P, the slope of

the line joiaing these two points Zhen equalling AF /P . The deter-

pination of any given P_ value (from the oscillominﬁ write-out of the
pressure) is estimated to be accurate to within +0.5 cm. aq. and the

accuracy of the F_ measurements (from narrow band spectrograms) are

estizated to be alcurate to within 2 ©/0 of the measured value. These

errors are cozpounded in determining the slopes of the lines and are

likely to be non-negligible when the line segment is short since in

that case the magnitude of error approaches that of the line itself,
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Results and Discussion -

Monitoring the activity of the two laryngeal muscles was found to
be important because changes in their level of activity did sometimes

* Tsshiki monitored the activity of the anterior crico-
tavroid by concentric unipolar needle electrodes in- )
Berted through the skin and the activity of the vocalis E;E;

i zuscle by the same type of electrode inserted via the v

vocal tract (Isshiki, personal communication),
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 occur during a push, especially when the person doing the pushing

stopped being random in the interval between pushes, Apparently the
subject was able to follow the slight rhythm that was developing in the
time of the pushes. When this happened there was a decrease in the
activity of the cricothyroid muscle which could have the effect of
lowering the pitch at the moment of the push, Only the pressure peaks
and F deviations that did not show any accompanying change in the
activgty of these two laryngeal muscles were used in the calculations
for finding the influence of gubglottal pressure variations on the Fo.

Tn figures 19 through32 are plotted the changes in frequency
against the changes in pressure (as described above) for 161 pushes on
the subject's chest and abdomen for different conditions of phonation.
As is evident, the only large difference in the slopes of the lines is
that between falsetto and everything else, the slope being about
7-10 Hz/cm, aq. for falsetto and about 2-b Hz/cm. aq. otherwise, with
the value for the pitch range used in speech being only 2-3 Hz/cm. aq.
None of the other variations in the corditions of phonation seem to
make a systematic difference although this is very possibly due to the
subject's lack of voice training and consequent inability to execute
the required phonation conditions accurately, e.g., low intensity
tended to be combined with breathy voice and high intensity with tense
voice in a non-systematic way. Unfortunately at the time of running
this study the relevance of the claims of Flanagan and lLandgraf (1967

_ and 1969) and Flanagan (1968) had not been realized and corsequently

variations in vocal tract shape were not among the various conditions
included, * These data, then, offer no evidence on the possibility of
whether or not acoustic coupling betweun tue vocal tract and the - ~cal
cords could allow a given change in subglottal pressure to affect the
F more when it occurred with a vocal tract whose first resonance
(formant) approached that of the fundamental, Possibly the high value
for AF / AP during falsetto is due to this effect since the first
resonaice of the vocal tract for the vowel /a/ is near the fundamental
in this case. llowever, fron van den Berg and Tan's high value for
AFO/Y\PB for falsetto obtained from an excised larynx (see Table 1), one
woild 8xpect such a high value to be due to the peculiar mode of phona-
tion used in falsetto and not due merely to effects of acoustic
coupling., An elucidation of this point awaits further experimentation.
i

- These values compare favorably with tho= of Isshiki, Ladefoged, and
Ohman and Lindqvist, all of whom worked with living subjects, and are at
least in the range of values reported by van den Berg and Tan, Furukawa,
and Anthony, who worked with excised larynges, the differences being
attributable to individual variation or to the different experi-

mental conditions (living subject versus excised larynx). However, the
difference between the values found in this study and the values de-
rived by Lieberman (1967a) from running speech, namely 16-22 Hz/cm. aq.
are too large to be attributed to individual variation, This is not
surprising, however, s&ince Lieberman did not do any experiment of the

-
-~

. Hovever, see Ohala and Ladefoged (1969) and Hixon, Mead, and Klatt §1970).
{3 Both of these studies failed to find any support for the
claims of Lieterman or the theoretical predictious of

Flanagan and Landgraf regarding the influence of Pg on
fundamental frequency,
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kind reported above, and in fact made no attempt either to control or
to monitor the highly relevant variable of laryngeal adjustment, He
merely assumed that the laryngeal tension was constant, As has been
shown above this is not a valid assumption,

This atudy obviously needs improvements, not the least of which
would be to include a wider variety of conditions of phonation in-
cluding using different vowels. Also it shows the need to administer
the pushes rapidly and randomly, perhaps by some kind of machine which
was controlled by a computer emitting triggering pulses at random
intervals. Furthermore, it should be established whether the change
in the cricothyroid muscle that was encountered cn some pushes was due
to predictive behavior on the part of the subject or due to some la-
ryngeal reflex triggered by greater air flow through the glottis. And
it should be determined whether this effect can be corpletely elimi-
nated either by randomizing the pushes or by anesthetizing the mucosa
of the lmuo

Until these improvements are accomplished, however, the procedures
used here would appear to constitute an approximate but valid calibra=
tion of the effect of subglottal pressure on fundamental frequency.

* STUDY THREE: EMG PLUS SUBGLOTTAL PRESSURE

. ' The third study in this series conaisted of sampling simultaneous-
1y in one subject, (JO), the following parameters: the acoustic
signal (from which the F_ was extracted), the subglottal pressure, and
the muscle action potentgals of the cricothyroid and the lateral
cricoarytenoid. The techniques for obtaining these parameters and
the basic text of utteranc~s used were the seme as in the previous
studies, although extra sentences were alao included. The purpose was
to 2ind out if the two factors which could affect the Fo' pressure and
larynx adjustment, worked together or not, and which of the two, if
either, proved to be more closely synchronized with the corresponding
increases in Fo.

Results and Discussion

Figures 33 through 38 present samples of the resulting data.

Only the pitch curve has been slightly retouched to remove artefacts

and to make it agree more with the pitch curve derived from narrow

band spectrograms, Not surprisingly it was found that increases in

both subglottal pressure and laryngeal adjustment often occurred at

about the same time on accented syllables, This is shown in Figures

13b, 34a, 35b, 36a, and 36b. Our subglottal pressure records do not

. 4 differ in any gross way from thoge of the other investigators cited
above. At the start of phonation the pressure rises rapidly as the

v vocal cords close; at the end it falls as the vocal cords open and the

70
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Figure 35b.
Tigure 36a,
Figure 36b,
Figure 37a.
Figure 37b.
Figure 38a,

Figure 38b,

Subject: JO; utterance:

signals, from top

EIRTE s bode bt N dird10d s 0 §disuiindh

to bottom:

“Bev bombed Bodb," unprocessed
fundamental frequency,

subglottal pressure, EMG of cricothyroid muscle, EMG of
lateral cricoarytenoid muscle, audio, and time standard

(0.1 gec, )o

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

As in Figure 33a;

utterance:

utterance:

utterance:

utterance:

utterance:

utterance:

utterance:

utterance:

utterance:

utterance:

utterance:

“BEV bombed Bob,"

"Bev BOMBED Bob,"

"“Bev bombed BOB,*

"Joe ate his soup,"
‘JOE ate his soup,"
'Joe ate HIS soup,"

'Yoe ate his SOUP,"

"Bev bombed Bob2?"

'"Did Bev bomb Bob2"
"Did BEV bomb Bob2"

'Did JOE eat his soup?"
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respiratory cycle approaches inspiration; in between it maintains a
fairly steady positive level, Momentary increases are found on
vgtressed” or accented syllables and momentary decreases are found when
the glottal resistance drops as it does during true /b/'s,cf. Figure
36a apd the drop in P_ during the /n/ in ‘his."* Activity of the
vocalis muscle was not recorded in this study but it is known froz
records of this muscle's activity during the production of similar
gentences that it typically shows increased activity on the empha-
sized words, Thus we might reasonably expect that glottal resis-
tance increases during these worda. This could account for part of
the observed subglottal pressure peaks.

It is interesting to mote that in all cases except in Figures
38a and 38 the subglottal pressure peeks occur during the vocalie
portion of the emphasized vords. ' In the mentioned figures, however, :
.the rather large pressure peaks occur during the initial etops of 1
the words "Bev" and 'Joe," respectively. It is not clear why r
the peculiar intonation contour used (in Bolinger's system, Accent c")
should cause this, but it does suggest that the observed pressure
peaks are due in part to the increased supraglottal resistance
created by the consonant closures.

The EMG records are also similar to those of the first study
* and again show these two intrinsic laryngesl muscles contracting during
and just preceding a pitch rise. It is easy to see how, if one sarpled
only the pressure, as Lieberman did, and inspected it superficially,
one could arrive at the erroneous conclusion that the F_ was determined 1
solely or primarily by the pressure. The correlation between preasure

. In Figure 35b , however, the sentence was pronounced as
[d3o¥alrisu¥p), i.e., without a /t/ or an /h/ in "ate his" and f
consequently there is no drop in the pressure trace, FPhonmetic i
]

reduction of such words in unacceated positions is quite cozzon
and occurs as well in Lieberman's data in his Figure 3 (1968v,

p. 33; which is the same as Figure 4,10 in Liebernan 1967a, p. 67). i
That is, it is clear from the spectrographic record in that figure
that the speaker had a voiced flap and did not pronounce a /t/ or

/b/ in the words "ate his," Thus it is puzzling to find Lieberman
commenting on this figure as follows:

Nute that the fundamental frequency function in :
FIGURE 3 is quite smooth through the words “ate’ and 1
. “his" despite the fact that phonation was interrupted :
) when the speaker abducted his vocal cords to produce -
the ycanaonanta /t/ and /b/ in these words. [1968b, A

. p.

78
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(and F, at first glance seems quite good and in this study, too, one
could have been plotted against the other and the slope of the data
points teken as the value AF,/8Ps. But this would be quite mis=
leading since in this case the laryngeal muscles wers clearly

iparticipating in the regulation of F,,

A more careful examination of the data, even without the EMG
records, would prevent one from jumping to the questionable con-
clusion that the Fo is determined primarily by the subglottal preg=
sure. It is true of our data -- as it apparently was of the data
$f Ozzman end Lindqvist -- that the pressure rises are not always

2in phase” with the Fo rises, This is evident in Figures 33b and
F4a, of "Bev bombed Bob," and "Bev bombed Bob," respectively, 1In
ther cases, where the peak pressure and peak pitch are roughly
'i:ultaneous. the rest of the curve frequently doesn't correlate
}l: vhereas the pressure is usually increased over the entire
Buphasized eyllable by a fairly constant amount (e. 1 or 2 em,
relative to the same sentence vithout emphasis) the F, is usually
raridly changing at the same time, ef, Figure 35b of Joe ate his
soup." Other discrepancies between Fo and pressure can be found.
In fact this is true of Lieberman's (1967a) data, too, as has been
pointed out by Vanderslice (1967). Although Lieberman allows for

a +40 msee. temporal uncertainty due to synchronization problems, the
Fo Pesks and pressure peaks show lack of synchronization by ap-

proxirately 130, 75, 150, and 60 msec. in his Figures bk, b,19,
L.2k, end U,26, respectively,

A qualitative estimate of the extent of contribution of these
tvwo parameters can be gained by comparing such pairs of sentences in
our data as Figures 33b and 38a, 35b and 38b, Without the assistance
of the laryngeal ruscles in Figures 38a and 38b the relatively high
suoglottal pressure produces little or no rise in Fo; however when
the laryngeal rxuscles do help, as in Figures 33b and 35b the piteh
rise is considerable.

GENERAL DISCUSSION

The experimental studies reported need various improvements
85 noted. Even 50, on the basis of these £indings and on the litere
ature reviewed, particularly the clinical studies relating to pitch
control, it seems safe to conclude, with Sweet (1877, p. 93), Ladefoged
(1964, p. 1), Fry (1964, p. 217-218), Bhman and Lindqvist (1966 a,
p. 4), Ohzan (1967b. P. 29), Vanderslice (1967, p. 76) and Proctor
(1968, p. 208) that the pitch in speech is mainly determined by the
action of the laryngeal muscles. There must be a certain minimum
subglottal pressure, of the order of 2 or 3 em. aq. (and, of course,
approximation of the vocal cords), in order for phonation to be .
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sustained, but beyond that, variation in the pressure geems to have
relatively little effect on the pitch, but, of course, affects very
puch the intsneity of phonation (Ladefoged, 1963). This holds true
at all places in the ntterance; at the end, the beginning or the mid-
dle, and independently of the grammatical structure of the utterance,
This conclusion pernits us to apply confidently to speech the wealth
of quantitative data already accumulated on the action of the larynx
in non-linguistic phonation, with one point of caution, nazely to
keep separate the larynx's participation in prosodic and segnental
gestures (e.g., glottal stop, voicelessness), And the fact that new
techniques have been developed for investigation of laryngeal para-
meters during speech, -- e,g., photo-electric glottography (Malécot
and Peebles 1965, Ohala 1966, Lisker, Abramgon, Cooper and Schvey
1966), fibre-optic laryngoscopy (Sawashima and Hirose 1968), trans=
cutaneous electromyography of the laryngeal muscles (Hirano and

, Ohala 1969), anu ultrasonic scanning (Minifie, Kelsey, and Hixon

1968), suggests that in the near future more of the much-needed in-
vestigation of "segmental" laryngeal activity will be done, along
with a continuation and refinement of the study on the ;" v lology
of intonation,

Where does this leave the situation with respect to linguistic
theories of intonation? It leaves it back where it was before
Lieberman's innovative theory, It was at least implicit in all
traditional theories of intonation that a human speaker can and does
"program" his laryngeal muscles to execute any pitch change whatever,
limited only by the intrinsic mechnical and neuromuscular corstraints
of the larynx and its muscular and cartilaginous attachments. Which
contour the speaker does execute is not wholly predictable from the
lexical content or syntactic structure of the sentence -- at least
not from such a limited range of syntactic structure such as whether
or not the sentence is a yes-no question, WH-queation, ron-final or
final phrase, This has long been kuown to the traditional writers
on intonation such as Palmer and Blandford (192k), Armstrong and
Ward (1926) and Pike (1945), Everyday evidence for this point is
offered by the fact that sentences which are structurally identical
from a lexical and syntactic point of view can have different in-

tonation patterna:

Have you been to D;:RE)QgESZ or Have you been to Disneyland?

The different intonation contours are determined by the speaker's atti-
tude, or, if one prefers more current terminology, by a difference in
the deep (very deep) structure of the sentence. Actually, including
such information, that is, the speaker's attitude towards what he says,
hus probably ceased to be a stumbling block for current linguistic
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theory, now that the boundary between syntex and semantics is rapidly
\ vanishing (cf, McCawley 1968; Menzel forthcoming; leny, forthcoming).

IZ Lieberman's theory of intonation is rejected does it leave
us with no alternative theory of compar:c’.le scope? Yes and no.
i | It may be that there is no single theory that can explain the in-
] toaational phenomena in English and all other languages of the world,
' plus the characteristics of infant cry and the results of experiments
4 such as that by Hadding-Koch and Studdert-Kennedy. The history of
| science has seen other theories, such as the ones offered by phren-
i ology end Freudian psychology of the last century, which, ounce ree
# jected, have even now never been replaced by any theory eovering
. the sarxe wide range of phenomena, But although this work does not
sioffer e complete alternative theory of English intonation, others
‘od°= ¢f course, exist. Such works on English intonation as those by
Palzer (1922), Palrer and Blandford (1924), Pike (19L45), Bolinger
(1558) and others have certainly covered or catalogued a wider
range of intonational phenomena than was treated in Lieberman's theory,
anrd they treated many points more accurately. They knew, for example,
that accent or emphasis on words could be manifested by drops in
pitch as well as rises in pitch. Moreover, such recent intonational
theories as those of Vanderslice (1968a and 1968b) for English and
Chzan (1968) and Chran and Lindqvist (1966a) for Swedish incorporate
zany of the valuable points made by the earlier studies but go well -
beyond them by turning to the task of attempting to synthesize
correct intonation. They begin with posited linguistic units and
through a system of rules generate the continuously varying Fo
accompanying sentences. Both of these theories rest on the assumpe
tion -= which I believe the data presented here has shown to be
correct ~=- that the speaker can execute any pitch pattern he vants
to by using his laryngeal muscles, The field does have adequate
alternatives to Lieberman's theory of intonation.

S
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There are a few other minor points of Lieberman's theory which
deserve corment. Lieberman's notions on "least effort" and "simplicie
ty" lead him to make two other claims which the facts == including
his own ~= do not support. The first is:

The "archetypal® articulatory correlste of [+Pg) is
a zomentary increase in the subglottal air pressure that
can occur in any part of the breath group except the last
150200 msec. »f phonation. [1967a, p. 105])

Presumably this is because the last 150-200 msec. are reserved for :
manifesting [+BG] or [-BG], i.e., the terminal pitch contour. For .
vhatever reason, the principle is contradicted by Lieberman’s owm
data: his Figures L,12, 4,15, 4.20, 4,27 all contain momentary
pressure peaks that are within 150 msec. or less of the end of
phonation. The second claim is:
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vee it is unlikely that any language has a laryngeal
. tension function that rises before the terminal part of
the breath-groups, since this could lead to confusicp be-
tween ghe marked and the unmarked breath-groups. [1967a,
Pe 105

This claim is falsified by the results given above from EMG
studies of the intrinsic laryngeal muscles, but we need look no
fur.her than Lieberman's own data, Pitch rises occur well befo.e
the end of the breath-group in his Figures 4,13, 4,14, 4,15, 4.22,
and lhe2l, all of which are various renditions of 'Did Joe eat his
goup?” and all of which have a clear pitch rise on "Joe." With
the remotely possible exception of 4,24, none of these sentences
have a pressure curve that could be construed as causing the pitch
rises, The only alternative is the laryngeal tension. A point
quite clearly missed by Lieberman is that the “early rise" (Pike's
term) in such sentences is a well-known phenomenon in English in-
tonation (Palmer and Blandford, p. li-17; Pike, P 75). Katz and
Postal more recently (1964) have commented on this (p. 106). To
oversimplify, the principle is that an ewphasized word in a sen-
tence draws the intonation contour to it whether it is at the end
of the sentence or not, Thus:

_~
Marvin munched his bananas?

- -~
Marvin munched his bananas?

It works as well for falling contoura:

Marvin munched his banghQ{.
Marvin munchied his bananas.

In fact, knowing this principle, one is able to judge that the sen-
tence in Lieberman's Figures 4,13, k.15, 4,22 and 4,31 were misread
' by his subjects: they placed emphasis on ‘Joe' when it was not
N called for.

Neither Lieberman's data nor the data of the present study pro-
. vide any confirmation or Justification for two other concepts used

N
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by Lieberman, His use of the terms and concepts of ‘marked=unmavked"
-- unmarked for the breath-groups ending in a falling pitch and
marked fcr the one ending in a rising pitch =- rested on the assump- *
tion that to raise the pitch at the end required more effort (some

e=tra action) than to merely allow the pitch to fall naturally at

the end due to the falling subglottal pressure. In fact muscular

activity is involved in both actions. One could even argue that

if we had to assign the labels marked-unmarked to these two con-

tours, the unmarked member ought to be the one ending in pitch rise,

gince more and larger muscles are apparently involved in lowering

pitch (the extrinsic laryngeal muscles) than are involved in rais-

ing pitch (cricothyroid primarily, plus vocalis and lateral crico-

arytenoid). FHowever we do not believe that the concept of marked-

unmarked is useful in this case and would recomrend that the terms

not be used at all, or at least not until more research is done

which would justify the assignument of such terms. We must guard

agairst the universal tendency in science of thinking that we have

; somehow molved or explained a problem by re-labelling it, !

i A e+ e el 8 S A -

-
——hry o =t

Another concept for which no evidence can be found is that of
“archetypal physiological correlates" versus "alternate articulatory
pmaneuvers." It is necessary at the outset to dispose of the notion
' e- which Lieberman explicitly espouses -- that occurrences of non-
archetypal gestures do not contradict his theory. If every case .
that doesn't fit the theory can be explained away as an “alternate
articulatory maneuver," then in fact there is no theory at all be-
cause there is no potential for falsification., Thus a theory that
claized “"all cats are black, cxcept those that aren't" is un-
interesting because there is no universe in which it could bve false.
Such theories ¢.amand no scientist's or anyone else's attention,
Thus we must pay attention to " exceptions" -- and insist that to
be exceptional they can only occur occasionally (Vanderslice 1967).
‘rom the data presented above it appears that what lLieberman calls
“2Jternate articulatory maneuvers'' are overvwhelmingly the rule
and not the exception. But this in itself does not falsify the
rather more important content of Lieberman's theory, namely, that,
first, the physiological and acoustic correlates of [~BG] are
indeed “archetypal,” that is, "innate" (since the breath-group
is included in the behavioral repertory of the newborn infant)
and are thus universal, and that, second, the features [+BG] and
(+P_] are psychologically real. These claims could, theoretically,
be true in spite of the known physiological facts, 1f the first
claim were true it would be of major jmportance because, first,
it would be about the only really convincing physiological ex-
planation for the origin of any one aspect of speech (namely the “
falling fundamental frequency at the end of sentences) and
second, it would provide a solid basis for explaining the universal
presence of thie pitch contour in all human languages. If the
second claim were true it would be a significant fact for theories
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of speech perceptiaR, It is important, then, that the evidence
for theme claims be examined carefully, This is done in the next
two sections,

Examination of Evidence From Infant Cry

The assertion made by Bosma, Truby and Lind (1965) that the
innate neuromuscular ‘'programa'’ which enable the newborn infant
to cry form the basis, during maturation, of certain aspects of
epeech, is eminently sensible and not very surprising. We could
as well note that the innate ability of the infant to thrash his
arms and legs in the air forms, later onm, the basis, in soxe
sense, of his being able to walk, run, and throw a ball. Although
the nature of the built-in ‘programs' may be much more detailed
than we now suspect, there is every reason to believe that the
subsequent neural prograns enabling such mature ckills as talking
snd walking are several orders of magnitude more detailed and
complex than these for eimple crying and arm thrashirg, To use
a computer analogy (as in fashicnable these days), every cozputer
comes with some built-in (“innate') interpretive programs or logic
circuits which enable it to perform a particular set of comzands
given it by the user. However, the ability of the computer to
perform "add" ‘s and “complement" 's does not begin to compare

with its acquired ability via a program consisting of many "add" 's

“complement" 's and many other commands to guide a spacecraft to
the moon, It is thus reasonable to assume that by studying in de-
tail the behavior of newborn babies we might indeed gain soze
clues as to the kinds of elementary gestures or programs they are
endowed with in the womb, which in combination and when more pre=
cisely controlled become the basis for their later more complex
motor skills. This is not a new idea (Darwin 1872, lorenz 1958,
Andrews 1965) even in phonetics, but in eo far as it has not been
current in phonetics, Lieberman has mada a significant contribu-
tion to the field by re-focussing attention on a neglected but
promising source of evidence on the neuromuscular substrate of
speech.

But Lieberman goes beyond this, claiming that there is such
a striking similarity between certain aspects of infanta' cries
and adults' intonation contours as to permit the conclusion that
the latter are based on, and derived from, the former =~ i,e.,
the innate pattern is taken over into speech essentially un-
modified except that other patterns may be superimposed on it.
Although many different typea of infant vecalization can be dif-
ferentiated, Lieberman suggests that one important dichotomy
exists: namely, attention-getting cries versus babblings or
sounds which do not seek to attract attention, The former are
labeled “innate referential breath-groups" and are said to be
loud, shrill, and have a rising-falling Fo contour with an abrupt
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drop in P, &t the end. The other sounds and vocalizations of the °
iptants are said to be softer, less shrill and not always ending
with falling pitch.

Lieverman (1967a) focuses attention primarily on two points:
{a) the variations in F, at the end of these "innate referential
breath-groups”, specificaelly, asserting that it rapidly falls at
the end, and (b) on the correlation betveen the subglottal air
pressure and Fg throughout the entire breath group. The only
source of information he refers the reader concerning the extent
of correlation between subglottel air pressure and Fyo during in=-
fant cries is the research of Bosma, Truby, and Lind.* They ac-=
tually recorded esophageal pressure vhich, hovever, can give a
rough indication of subglottal pressure variations. Lieberman's
report of their published findings {s highly misleading, however,
in several vays., The esophageal piessure recordings during cries
vere obtained from either 5 (p. 64) or 6 (p. 11 and p. 66) infants,
not 30, es is implied by Lieberran. This false impression of the
sample size could easily be obtained {f one read only the brief
report of their work in Bosma (1964) and not the more extensive
report in Lind (1965) == the cries of 30 infants vere subjected
to acoustic analysis, though. Further, Bosma (1964) and Bosme,
Trucy, and Lind (1965) publish the esophageal pressure measure=
pents and spectrographic displays of only 13 cries of one infant.
0f these, five show the pressure recording going off scale in the -
piddle of the cry. In Truby and Lind (1965) two other pressure
curves from the same infant are published, the Fq of which can
be obtained by analyzing the corresponding cries on the phono-
greph record accorpanying the book. Thus the number of cries on
vhich Lieberman bases his conclusion of the extent of gross cor-
relation of subglottal pressure and .Fq (unless he has access to
otker cata which has pot been published) is about ten, all pro=
duced by the same infant. Lieberman reports

Te measured esophageal pressure functions for the cries
all had a similar shape. The esophageal pressure gradually
rose from the start of phonation to either a level or &
slightly falling "plateau." The esophageal pressure then
sbruptly fell prior to inspiration ... The "chape" of the
fundamental frequency contours of the cries was similar to
the shape of the typical esophageal pressure contour.
Qualitatively speaking, the gross variations of the funda-

. The reference to thelr work is cited incorrectly by Lieberman. T
What is given as Bosma, Lind, and Truby (196L) should be Bosma
(1964) =~ where the work of the three suthors is summarized in &
brief report, being put forth. in much more detail in four long
articles in the book Newborn Infant Cry (Lind 1965).

.
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mental frequency contour thus seem to be a function of the
subglottal air pressure during infant cries. The funda~-
mental frequency, which rises initially as the subglottal
air pressure builds up, remains level or slovly falls until
the end of expiration, when it abruptly falls. [pe 43 ==
italics mine] :

The sentence italicized above might be justified if every other
point in the quotation were true, but a casual inspection of the
published data shows that many of them are not. That the pres-
sure recordings for this single jnfant all have & similar shape

ir true. Bosma remarks on this point as well. However Bosma's
point was precisely that many of the physiological patterns of
cries are characteristic of the individual infant. This is
certainly quite different from asserting that the egophageal
pressure curves were similar for all of the infant subjects.
Secondly, during the cries the esophageal pressure curves do rise
from the start of phonation, but after this initial rise -- which,
by the way, occupies the greater part of any cry -- & fallicg
'"plateau” can be seen in only two cries (the extra two publighed
in Truby and Lind), a short level plateau could be claimed in

four other cries, and in the remaining four there is nothing

even faintly resembling what might be called a plateau (i.e., &
"f1at portion"), At the end of each cry the pressure does indeed
fall sbruptly, as, of course, it must if the infant is to get a
new supply of air into his lungs. Finally, it is not clear whether
the assertion that the F_ contours of the cries resembled the pres-
gure curves refers to the ten cries with accompanying pressure
curves or to all the hundreds of cries studied by Bosma and as-
gsociates. In either case the assertion is untrue, In five of the
ten cries a two-octave upward “shift' occurs in the middle. Prior
to this shift the F_ is relatively steady or even felling while
the esophageal pressure is rising. In the other cries theie are
variations in the F_ which do not consistently follow the cor-
responding variations in the pressure, The statement applies no
better to the entire collection of cries. First, as noted by
Boema (1964) and by Truby and Lind (1965), infants' cries are
highly individual and often incorporate various kinds of modifica=~
tions of what is termed a '‘asic cry," emong which modifications
are octave (or more) ghifts in F_, addition of turbulence, intro-
duction of sudden silence in the cry, vibrato, etc. Secord, set-
ting aside all these non-basic cries, the "pasic! cry of infants
has an almost symmetrical rige-fall F_ contour, but the pressure
curves show no such symmetry. That tRe F_ of the cries abruptly
falls ai the end was not a stated conclusion of Bosma and his
colleagues, and in the acoustic records of cries published in
their work, one can find about an equal number of cries which do
and do not exhibit this sudden downward movement of Fo at the end.
There are even a few cases where the Fo abruptly rises at the end,
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Lieberman also refers the reader to the work of Ostwald (1963)
to support the notion that the F, of cries falls sbruptly at the
end, Reporting on Ostwald's work he says

ves the fundamental frequency [of cries] initially
rises, The fundamental frequency then remains relatively
steady or gradually falls until the end of the cry, when
it typically jalls at a faster rate. (p. 41, italics minel

This seems to be a misinterpretation of what Ostwald actually said,
which was:

After the peak [of the criea' Fy contour] there is a
downward glide of pitch to the original pre-peak level,
Some cries fall to a slightly lower pitch-level at the
end. [p . l§°]

By this Ostwald zeant that most cries end at the came pitch level

they began at, but with some the downward glide may end at a pitch
Jevel lower than the initial one (Ostwald 1969, personal communication).
This may be represented graphically as follows:

Fo />.\.~. or =

Ostwald nowhere says that there is an abrupt fall or a faster rate
of pitch fall at the very end of the cry.

Lieberman also cites the work of Wolfi (1966) as providing sup-
port for the claim that attention-getting or ‘preferential" cries

all end with a falling fundanental frequency but that,
in contrast, the noncry vocalizations often end with a level
or a rising fundacental frequency contour. (p. 42, n.l

Wolff does rotesuch a dichotomy but it seems that what he calls
"nomery vocalizations' overlaps with what Lieberman calls 'referen=
tial" or attention-getting cries. Specifically, Wolff notes that
noncry vocalizations may occur when 'the infant has no distress

but simply 'wants attention'® (p. 98). However this is a small -
point, Nore significant is the apparent inter-subject variation
that can occur with infant cries, because even if most of the
infants in Wolff's study had a rapid drop in F_ at the very end

of their cries, we have already seen from the 8tudy of Truby and
Lind (1965) that not all infants do.
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The foundation for Lieberman's vonclusion that the F_ of ine
. fants' cries is a fortuitous by-product of their roapitatgry
activity, is the following chain of assumptions:

We shall try to avoid making any assumptioas that do
not seem warranted by the available physiologic and acous-
tic evidence, Where physiologic evidence is lacking, we
shall assume that the infant uses the simplest pattern of
articulatory activity when more than one pattern of
articulatory activity could have been used to produce the
same acoustic output,

ees We shall acssume that the infant does not precisely
control the tension of his laryngeal muscles once phonation
starts, He meroly maintains the tension of the laryngeal
muscles at or near the tension that they hed as phonation
started, This acsumption is not particularly crucial,
and the only pattera of laryngcal activity that we really
must assume does not [italics his] take place is a con-
sistent, controlled increase in the tension of the laryngeal
muscles at the end of the breath-group, Our assumption is,
however, consistent with the available physiologic data.

. (pp. 42-43) '

”

The pledge with which thia chain of assumptions begins is

. commendable, But in fact, none of the assumptions which follow
is justified, The second assumption is certainly not warranted
by the available physiologic data, and the first is surely by
now a thoroughly discredited principle from which to argue in
physiology or the behavioral sciences (this point is taken up
below)., It has already boen argued above that a detailed ex-
amination of the evidence Lieberman cites provides no basis for
concluding that the Fo contours of cries are mainly deternined
by their subglottal pressure patterns, even insofar as subglottal
pressure may be considered a parameter independent of laryngeal
adjustment, which, ss pointed out ubove, is itself a highly doubt-
ful assumption in dynamic phonatory conditions, Conversely, then,
the only other possible determining factor of the Fo would be
laryngeal activity. However, taking the laryngeal muscles to
be involved in infant F_ control would have been a guess, too,
if the only available wirk was the brief report in Bosma (1964)
-~ and their excellent pioneering study of infant cry seezs to
be the only source for comprehensive data on the several key

o physiological parameters accompanying cry production. At that
time no safe conclusion was possible regerding the participation
of the larynx and its associated structures in controlling the

d acoustic parameters of cries, But in their more extensive 1965
report, Bosma, Truby, and Lind provide striking evidence for the




e meaes AL Al ot

e e e e o ares et - benied Y LALLD IR N daletes

Db poey
e e

86

involvement of the larynx in cries. The cine-x-rays they made ¢f
the 30 infants =- while not revealing much of the intricate
laryngeal motisns == do permit observation of laryngeal movements .
parallel to the film plane, and, of course, the highly repeatable

apd individual acoustic shapes of the cries were also recorded.

They conclude, in various places in their monograph:

The actions of the larynx and pharynx essentially
define the infant's cry, since the less discriminate trunk
motions of respiration are more or less predistable from
those upper respiratory actions ...

Within the individual infant, these upper reapiratory
motions are repetitive in similarity, actually demonstrating
a remarkable paucity of response patterns available to the
infant under stress. [p. 64]

} The cry performance is a remarkably discriminate
coordination; it also differs distinctively among infants
g0 that each manifests in his cry (and thus acoustically)
a motor identification of himself. [p. 90]

Thus on this evidence one would expect further data on the

laryngeal activity associated with infant cries to show fairly .

consistent and repeatable motor patterns. One would be justified :
in suspecting that they were innately determined in some sense ‘
(but 2ot in the sense which implies *Zuman~universal"), but ccn- O

clusive proof that the motor patterns were part of the infant's
genetic cake-up would presumably have to await comparison of the
cries of a given group of infants with the cries of their off-
spring over several generations.

Further it is not possible to accept the mwinimal criterion

proposed by Lieberman in the above-quoted passage for acceptance
of his hypothesis. It is not enough that a consistent, controlled
1 increase in laryngeal muscle tension never be found; rather one

: pust find that the laryngeal muscles underwent no consistent change
1 Whatever that could affect the F_ at the ends of cries, Consistent
pust mean consistent within the 2ries of any single given infant.
Thus to justify Lieberman's assumption it must not be the case
trat the laryngeal muscles maintain or even gradually vary the
tension of the vocal cords throughout most of the cry and then
suddenly release this tension at the end, Nor, of course, may
it be the case that some muscle, such as the sternohyoid or an-
otber extrinsic laryngeal muscle attached to the steraum, con- .
sistently contracts at the end of the cry. Either of these
actions —- although having the effect of lowering the pitch -~ ~
would falsify Lieberman's contention that the terminal F_ is .
determined by the subglottal pressure, In other words tflere '
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must be no consistent layyngeal action which affects pitch at the
ery's termination, There is no direct evidence on this point yet,
but the above remarks of Dosma et al., lead one to suspast that this
eriterion is not met.

Lieberman's assumption, that the simplest of two or more
alternate ways of accomplishing an action is the one actually used,
is, in principle unjustified, This may appear to be a standard
procedure in science, but it is not. “gimplicity" is sometimes
regaried as a well defined, useful, intrinsic quality of theories
which :nables one to pick one theory over another, This may or
may not te go.* However this is not how Lieberman defines or
uses the term, at lepst as far as can be determined by the above
quoted context and elsewhere in his book, ngimplicity' in the
above passage seems to mean something like "involves less effort"
or “involves fewer muscles.” This seems to be what he has in mind
when he remarks that the tensing of the laryngeal zuscles at the
end of the marked breath-group is "in a sense the ‘gimplest' al-
ternative to the unmarked breath-group” (p. 105), Lieberman appeals
to the principle of simplicity not to decide between the sirplest
of two or more theories, but rather in an attempt to fill the gaps
of knowledge., Whatever principle may win acceptance in physiology
and the behavioral sciences in costs such as this, simplicity of
muscular action would be immediately ruled out as a possible one.

For example, Lorenz offers evidence that jnherited behaviorsl
patterns often do not correspond to what might be termed 'optimal®
or “the simplest possible" behavior for particuler species (lorenz
1958). And one could argue that it would be simpler, in some
gense, if human beings walked on all fours instead of just two
legs: it would be more stable, the voung of the species could
acquire the gkill sooner, etc. Similarly it would be simpler
if those humans who can wiggle their eavs didn't have their mus-
cular repertory encumbered by this useless abilitye. Further,
Person (1958) and Manukovskaia (1959) in electromyographic studies
of the acquisition and refinement of pimple manual and gyonastic
skills have shown that any unskilled action is accomplished in a
jerky, a-rhythmic, uneconomical WAy, typically involving many

¢ It probably is not so, as Popper (1959) has argued. There
appears to be no way in which the notion of ngimplicity" can
be precisely defined and non-arbitrarily applied in any par-
ticular case where one of two alternate theories both em-
pirically adequate has to be chosen on the basis of its in=-
trinsic wgtructural” qualities. One may, as Popper does,
equate the term with gegree of falsifiability, but we are
led to prize this as & quality of theories for independent
reagons and thus have no need for the superfluous and more
easily misunderstood term “gimplicity.
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jmore muscles than are directly useful in the given task, Thus
when confronted with an unfamiliar task, or when under atress, we
frequently frown, cleach our teeth and in general tense many more
muscles than are needed to accomplish the task efficiently, A
crying baby could quite appropriately be described as a throbbing
lbundle of tension, His whole body participates in the cry. Even
if we were to mssume that it would be simpler for the F_of a cry
to be deterzined by the subglottal pressure, we would 82ill have
*o justification for assuming the crying infant would do things
in the physiologically most efficient, i.e., in the simplest,

;anner.

E&a Summing up, it would appear that we have as yet no evidence

2t cne particular kind of infant cry is the progenitor of the
Adeclarative intonation or ‘unmarked breath-grcup" in speech, There
18 ® evidence that one form of crying is simpler than another,
thus entitling it to be labelled 'unmarked," Thus any claims

about the universality of certain aspects of intonation cannot be
supported yet by evidence from infant cries,

»

Finally, if one looks to infants' vocalizations for a possible
antecedent to speech, is it reasonable to regard cries as the most
likely candidate? Are not infants' babblings or cooings =~ in spite
of their being less ''referential’ than cries -- more plauaible
as represeating the beginnings of speech? Lenneberg (1967) speci-
fically erzues against the notion that the antecedents of speech
must te 'referential.”

There is evidence, although only of a circumstantial
nature, that larguage does not emerge as a response to an
experienced need, as a result of discovery of its practical
utility, or as a product of purposive striving toward
facilitated verbal communication, [p. 139]

In an earlier section Lenneberg presents the time schedule of
language development in children and traces the gradual changes in
babbling and gcooing, not cries, The literature seems to have

" established that it is the intonation of the mother tongue
which is acquired first by children -- for signalling emotion,
etc, ~~ but, again, these intonation patterns are encountered in
the spontaneous babbling of children, not in their cries, There
is no reason to expect that the apparently invariant, reflexly-
deterzined aspects of crying will be used in babbling, which typ-
ically manifests a great deal of creativity and elaboration of
sound patterns, Also, given the wide variety of types of vocal=
izations that infants produce,we could isolate any one of them
and thus find support for almost any hypothesia we might have
about the origin of some aspect of speech, In fact anyone

91
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) proposing a hypothesis that certain elements of the neuromuscular
. programs employed in speech are innately determined must propose
the crneizl experiment which would decide between this hypothesis
and the more traditional =- if, according to current tastes, leas
interesting -~ hypothesis that these phonetic features of speech
are learmed, gradually, in imitation of what the child hears from
those speaking around him, ' .

)

Examination of the Evidence from the Hadding-Koch and Studdert-
Kennedy Experiment

Lieberman cites the experimental results of Hadding-Koch and
Studdert-Kennedy (1964) as evidence that speakers of Swedish and
American English interpret intonation contours as if they mani-
fested the acoustic correlates of the two posited features or phono=
logical units [BG] (breath-group) and [P ] (subglottal pressure
peak), and further that they could take 8ccount of the physiological
constraints of the vocal tract when decoding the intonation con-
tours by using an 'analysis-by-synthesis' scheme,

Briefly, the Hadding-Koch, Studdert-Kennedy experiment was

. the following, Forty-two complex intcnation contours were supere
imposed on a carrier phrase '‘for Jane' (chosen to be acceptable
to both English and Swedigh listeners). The carrier phrase

* was vocoder processed and was identical for all the stimuli.
The intonation contours were varied as follows: all began with a
level pitch of 250 Hz, on the word "for'" then rose on 'Jane" to
one nf two posasible high poihts (310 or 370 Hz), then fell to one
of three possible "turning points' (130, 175, or 220 Hz), and
finally went to one of seven possible '“endpoints® (130, 145, 175,
220, 275, 310, or 370 Hz)., The durations between these points of
pitch change were identical for all the stimuli (see Figure 43 for
samples of the test stimuli). The stimuli were played to 25
Swedish and 24 American students who judged them semantically and
psychophysically in two separate sessions, categorizing thea as
statements or questions in the first, and judging whether they
ended with falling or rising pitch in the second.

Without going into the detailed results of the two.category
judgments, it turned out that those stimuli having the high points
of 370 Hz required a smaller terminal rise to be heard as a ques-
tion than did those with a 310 Hz high point. This effect can Le

v illustrated by the graph in Figure 39 which plots the American's
judgments (as o/o of "question" responses) against the terminal
rise (in Hertz) for two series of stimuli differing only in their

¢ . h' sh points, Not all of -the psychophysical results were published,
but it appeared that when the lower of the two pcsaible high points
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were used (310 Hz) the subjects responded in this task much as they
did in the semantic task, i.e., giving the response ‘question’ for
roughly the same stimuli to which they would respond ‘“ends in rising
pitoch." When the 370 Hz high point was used, their responses were
quite digsimilar in the two taska. T

Lieberman claims that the higher (370 Hz) pitch peak is inter- ,
preted by listeners as [+P_], that is, the momentary increase in )
pitech due to the aubglottai pressure peak, and that given the con- ' 4
straints of the respiratory system, this extra pressure early in 4
the breath-group results in a lower subglottal pressure thereafter,
vis-a~vis the same breath-group without [+P_J. Assuming, as
Lieberman does, that the subglottal pressurg significantly affects
the Fo in speech, this lowered subglottal pressure would cause
the Fo after the peak to be lowered as well,

Then, assuming the contraction of the laryngeal muscles is
the same at the end of all marked breath-groups, the resultant
terninal pitch rise would then be leasened a certain amount.
Listeners, Lieberman contends, nevertheless react identically to
the different terminal rises (judging tliem both as questions),
because, using an analysis-by-synthesis scheme they can ‘re~ {
generate" the intended pitch rise even though it doer not ac-
tually occur, This is because the listeners 'know" (tacitly)
what the constraints of the vocal apparatus are, i.e., that a
pressure peak early in the breath-group depletes the air supply
enough to lower subglottal pressure and consequently Fo in the
remaining part,

Lieberman's analysis of Hadding-Koch and Studdert-Kennedy's
data is neat, simple, and even intellectually satisfying. There
is some precedent in current linguistics for accepting an analysis
on these criteria alone, However, a close examination of the
assumptions and data which Lieberman's analysis is based on will
show that it is unfounded:

1., The existence of the hypothesized '"Air Pressure Per-
turbation Effect" (henceforth, the APPE) is doubtful in
view of what is already known about the dynamics of
respiration in speech,

2. It is evident in Lieberman's data and that presented here
that a lowering of the subglottal pressure after a
pressure peak early in the breath-group does not in-
variably occur, and that when it does occur it cannot 3
be attributed with any certainty to the cause Lieberman i

o suggests.
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The APPE Finds No Support in the Literature
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3, Eis analysis logically rules out some intonation contours
that do in fact exist.

4, Finally, there is another, better explanation of the
segults of the Hadding-Koch and Studdert-Keanedy ex-
periment,

Lieberpan's admittedly unverified hypothesis of why the ‘air
pressure perturbation eftect’ occurs is the following:

... the physiologic basis of this effect may perhaps
be a consequence of the fact that the elastic recoil force
of the lungs is the main force that acts to expel air out
of the lungs during each breath-group., The elastic recoil
force is a function of the instantaneous volume of the
lungs «.e

The presence of [+P_ ) in the early part of the breath-
group results in a greatér airflow out of lungs, which, of ‘
course, lowers the volume of the lungs more than would have |
been the case if [+P_) had not occurred. The elastic recoil
force, ... therefore decreases. {p. 100] .

Serious difficulties are encountered when verification for this

hypothesis is sought in the literature, From the work of Rohrer .
(1916), Ladefoged (1962 and 1967a), Bouhuys, Proctor, and Mead

(1966), Hoshiko and Blockcoleky (1967), and Mead, Bouhuys, and

Proctor (1968), we know at least the following points:

1. The elastic recoil force of the lungs can be as high as
25-30 cm. aq., but only at paximum inspiration. 1In
ordinary conversation after a pormal inspiration the
elastic recoil force is only about 5 cm. aq. or lesn.
This would, th:oretically, be sufficient to drive the
vocal cords® o.zillations for & short time -~ perhaps
a second or two -- until with less air in the lungs
the recoil force dropped to below that required for
phonation,

2, Ordinary speech -- whether spontaneous speech or the
reading of a text in a consciously experimental situa=-
tion =~ typically involves the use of tidal air (the
azount normally intaken) plus supplementary air (the .
reserve air in the lungs), so that many of the sentences :
uttered begin with very little positive elastic recoil
and end with the elastic recoil force necessarily nega- *
tive,

o
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3, Although the elastic recoil force might be sufficient for
phonation at the start of some expirations, in fact it is
found electromyographically that most subjects use moxe
of their expiratory muscles, the internal intercostals,
from the very beginning of an utterance started on. & normal
lungful of air,

It would seem, then, that for many or even most of the centences
speakers utter the elastic recoil force of the lungs cannot be
the main force in generating the air flow that drives the vocal
oords. '

The APPE Does Not Occur Consistently

Several pages after first proposing this APPE hypothesis,
Lieberman qualifies it somewhat, He notes that this effect does
not show up unless the pair of sentences, one with [+P_] and one
without, have roughly the same duration (within 100 melc.) and the
same average subglottal pressure (within 1 cm, ag.)s This may be
reasonable, although one would have thought it almost izpossible
to ascertain whether any two sentences had the same average pres-
sure in the case of Lieberman's data due to the admitted uncertainty
about the accuracy of the records in the transient portions.*®
Further, it is difficult to imagine which point on 8 pressure
curve containing a peak one would measure to see if it had the

. Lieberman states on page 62:

For transient conditions the calculated subglottal air
pressure must be regarded as an approximation of the true
subglottal air pressure, When we made quantitative measure<
ments that involved the subglottal air pressure, wWe there-
fore tried to use only the quasi-steady—state portions

of the calculated pressure functions where the subglottal
pressure was relatively steady.

Tn a fooﬁnote on the same page it is stated that

The quasi-steady-atate portions of the (P ] function

had variations of less than 0,2 cm, uzo offer 100 msec.

The non-"quasi-steady-state portions" amounted to at least
half of each preasure curve,
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game aversge vgessure 28 another sentence without the prominence,
1f the prominence occurs at the beginning of the breath-group it

is izpossible to compare the pressures there, and, of course, One
cannot compare the pressures after the pressure peak because those
portions are supposed to exhibit the difference in subglottal
pressure, It may well be that Lieberman himself followed a
consistent procedure in these measurements, but the lack of details
rakes it difficult for anyonevho wihesto replicate his findings.

It is also reasonable to look for the effect only when the
durations of the sentences are comparable. If the effect ig due
to a more rapid than normal reduction in the lung volume ag he
suggests, the effects of extending the phonation ghould reduce
the lung volume even pore. This would enhance the effect if the
gentence with [+P_] were lengthened, but would obscure the effect
if the sentence without [+P ) was lengthened. Thus, the effect
does not appear in his sentnces 4,22 and 4,24 presumably be-
cause they are of different durations. But it is sentence 4,24
- the one with [+Pg] -- that is lengthened, so there should
be an eahancement of the air perturbation effect. There isn't,
however. Nevertheless, out of all of his data Lieberman did
panage to find 11 to 13 pairs of sentences which manifested the
APPE and satisfied the stated restrictions.

In a different work Lieberman (1968a) presents the subglottal
pressure curves for 'Joe ate his soup" and 'Joe ate his soup."
Their durations seem to be equal so far as this can be ascertained
from just the pressure curves (the zero point of the time scale
is misplaced) and they have about the same average subglottal
pressure. The APPE is mnot manifested; the pressure levels at
the ends of the uttersnces are the same,

Tn our own measurements of subglottal pressure in the present
study this effect failed to show up consistently. Table I11
presents some statistics on the pressure values at the end of
phonation for ten tokens each of two pairg of sentence types. 1t
will be noticed that some of the tokens in each pair differed in
duration by slightly more than 100 msec. (155 msec. and 135 msec.
in the worst cases). But no justification was given by Lieberman
for the precise value of 100 msec., and here the extreme duration
differences were in the direction favorable to an enhancement of
the effect, i.e., the sentences with a (+P_) were longer, In
these records instances could be found of Ehe pressuve being
lover at the end of the sentences with {+P_ ), in accord with
the APPE, However there are more cages whére the pressure is
equal or greater, The consistent appearance of this air pressure
perturbation effect under the conditions specified has no’t yet
been demopstrated,

2
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Studies of this sort actually do not mean much unless other
variables are also controlled. Specifically, one must hold con=
gtant or at least keep track of: first, the action of the res-
piratory mnuscles (to see that they don't behave differently on
the parts of the sentences to be compared) and second, the glot=-
tal resistance (which can be estimated if the subglottal pres=
sure and the air flow are known). Both of these can affect the
sutglottal pressure independently of the elastic recoil of the
lungs., While it is true that a subglottal pressure difference
of the predicted sort does appear in some 13 pairs of sentences
in Liebersan's data, and in some tokens of sentence-type pairs
ir. the data presented above, it is also true that in a greater
nucber of cases it did not show up or was in the wrong direction,
Without other controls one cannot attribute the pressure dis-
crepancy definitely to either larynx or lungs; nor if it is due
to the lungs, can one say whether it results from fortuitous
differences of lung volume and elastic recoil or from programmed
puscular activity.

e e A St . S AP e S et s
N o~

Logical Conseauences of APPE llot 3orne Out

If it were true that a momentary subglottal pressure peak
produced lowered subglottal pressure and lower F_ thereafter, and
if it were true that a pitch rise early in the breath-group ise
cever due to an increase in laryngeal tension (Lieberman 1967a,
p. 105), then prominent syllables early in a breath-group should
always produce a lowered F contour after the prominence, as in
Figure 40, (Since only th® non-terminal position of a breath-group
is affected, this should work for marked and unmarked breath-
groups alike. Hence the terminal contour in Figure 4O ias left
unspecified.) But as has been indicated above there are clear
cases in Lieberman's own data where this is not 80, €. the
centences in his Figures 4,14 and 4,24, These are both questions
and the contours quite clearly maintain a high level after the
prozinence on ‘Joe' as is shown in Figure 41, These patterns
are difficult to account for in Lieberman's conceptual frame=-
worke .

R instaiinns it et

The APPE would alsoc predict that any breath-group having
rore than one prominent syllable (assuming, of course, that each
prominence was accozpanied by a genuine “archetypal" subglottal
pressure peak, and was not due merely to an 'alternate articulatory
paneuver' such as changes in vocal cord tension) would have a sub-
glottal pressure curve and a Fcurve looking something like a
cross-sectional view of the terraced rice paddies of Burma as
in Figure 42, That this is not the case should be patently obvious
to anyone familiar with English intonation. But to demonstrate
it we need only look at the subglottal pressure curve for the
phrase ‘Jée ate a big bowl of bldck Borscht' (Figure 2, Lieberman
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Figure hO.
300 ' 300
——
200 / 200 —
100 = 100} o= —
0 0

P8 pIp  JOE EAT HIS SOUP?  °P° DID JOE EAT HIS SOUP?

Figure Ula, Figure Llb,

(Traced from Lieberman 1967a, Figures L, 14 and 4,24,)

Figure 42,
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195%¢). The pressure on 'bowl" is higher than that on '“ate’ al-
though the APPE should have produced the opposite.

Once it is admitted that laryngeal tension can and does
control pitch changes in the non-terminal (as well as the terminal)
Fcsitions of the American English breath-groups, then this par-
ticular objection to the APPE no longer holds; but this admission
itself undermines the original basis for postulating the APPE,

R e

There Is A Better Explanation of the Hadding~Koch and Studdert~
Kennedy Experiment* _ o

] Apparently it was in order to explain the results of the Hadding-
¥och and Studdert-Kennedy expcriment (1964) that Lieberman posited

the 'air pressure perturbation effect' in the first place. But

anotker interpretation of their experimental results is possible,

one which in fact requires no reference to fortuitous variations

in F_ or sub-glottal pressure and one which need not posit any

" ysis-by-synthesis' scheme on the part of the listener.

P e e L I e,

Before presenting thies alternative explanation it is necessary
to review, briefly, some of the facts of English intonation. In
general this review is drawn from the insights of Palmer and Bland-
ford (1964), Armstrong and Ward (1926), Pike (1945), Bolinger
(1956%) ard Vanderslice (1968a and 1968b). These points have, to
a large extent, been verified experimentally through speech syn- .
thesis by the last two authors as well as by Mattingly (1966, 1968),

Tkis is not to deny that there are differences in the treatment
of intonation by these authors nor to suggest that any of them
apprcaches conmpleteress. There are also differences between
British Ernglish and American English intonation, though not in
the aspects relevant to the discussion. Terminology differs, of
course, but an attempt will be made to make the meaning of the
terms used clear by context or by example.

— . e

P e o o s Bl et

There are both lexical ard sentence pitch modulations in
English, that is, accent (or 'stress"**) and the sentence in-
tonational contour, respectively., If there is no prior context
or discourse (which is the case when many amateur and some pro=
fessional phoneticians conduct their introspective ‘“experiments"
regarding intonation and "stress') and if the speaker does not
choose to emphasize any particular word (which would logically
imply some prior context anyway) then it is the last accented
syllable in the sentence which gets the major pitch contour

. This analysis owes much to some suggestions by Peter Ladefoged,
oo See page 111, below, and Bolinger (1958) and Vanderslice (1968a)
for the difference in these terms. '

1.1
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superimposed on (and/or after) it. Considering, for example, two
possible contours, falling and rising, one can have the following

sentences and accompanying Fo contours:

The old grey goose is dsz; (1)
™’
The old grey goose is dead? (2)

If there are any unacceunted syllables after the contour, they will
remain low pitched, and possibly tend to go lower still after

the falling contour, whereas after a rising contour the tone will
remain high and will go slightly higher at the end, Thus if the
last word in the sentence had some unstressed syllables at the
end, the intonation would be as follows:

The old grey goose is fé(midable. (3)

—

The old grey goose is formidable? (4)

1f there is prior context, linguistic or otherwise, certain
words, or rather the stressed syllables in them may be de-accented,
A de-accented syllable will not get a pitch contour superimposed
on it. For example, in response to the question, ‘When is Christmas2"

it would be anomalous to answer

Tomorrovw's Chrggfnqi. _ (s)

i
even on the 2ith of December. The reply expected of a native
speaker of Standard English, given the prior context provided by

the question, would be

-;:xb(?ow‘s Christmas. - (6)

Specifically, "[ils Christmas" is old information and is accordingly
obligatorily de-accented., Similarly, the context set by such sen-
tences as "Which grey goose is dead?" (7) or "Here lies the young
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grey goose that has gone to its final reward" (8) would require
that sentence (1) be rendered

The olé\grey goose is dead, (9)

Likewise sentence (2) as an echo question to (and therefore in the
context of) sentence (9) or (1) would have to be rendered

/7

The old grey goose is dead? (10)

Whether the syllables following the pitch contour are lexigally
unaccentable or unaccented due to accent deletion it is still the
case that the tone on them remains low after a falling contour
and remains high tending e bit higher still, after a rising con-
tour,.* : .

PR

Palmer and Blandford (1924) indicate that this small pitch
rise that follows a non-terminal pitch contour is something that
always occurs (p. 15). Pike (1945), on the other hand seems to
claim)that it frequently, but not necessarily always, occurs (p.
73-7%).

-

If the speaker chooses to emphasize or make prominent an
accented syllable one thing he may do is superimpose a more
noticeable pitch modulation on the emphasized word, Other contours
are possible but let us consider just two, a large pitch obtrusion
up in sentences with falling intonational pitch pattern and a
large vitch obtrusion down in sentences with rising intonation.
With ezphasis, sentences (9) and (10) could be rendered

P

The ol&\éfey goose is dead, (11)
fiz-xld/;rey goose is dead? (12)
. The pitch after the rising contour may be made up of several

1ittle rising contours rather than a single long rising con-

tour. Tha_t}/—
1

or

/...//
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This traditional analysie of intonation contours would lead
us to expect that a given contour would be more likely to be
identified as a "question" if (1) it kad a large rising pitch at
the end, or if (2) it had a large rising pitch besore the end
and (a) thereafter remained high and possibly (b) had a slight
rise at the end. This is exactly what the results of the Hadding-
Koch and Studdert-Kennedy data reveal, Wnhen the pitch rises to
the 370 Hz high point this is indeed interpreted by the listeners
as 'prominence" on that syllable -- Licberman is right on this
point, However, what Lieberman does not recognize is that a pitch
rise early in the utterance due to prominence or emphasis mani-
fests the major intonation contour of the sentence, This accounts
for the fact that a smaller terminal rise is sufficient for the
370 Hz high point stimuli to be judged as'questions, This first
large piteh rise is in itself a strong cue for “question' and
seems to tip the perceptual scales in favor of that judgment;
another large pitch rise at the end is not necessary for the con-
tour to remain "question'-like, In order for a stimulus with
such a large pitch rise to get a 'statement" judgment it is nec-
¢ -vy that there be an extra low pitch fall immediately there=-
..f*.r and that the pitch remain relatively low,

As Hadding-Koch and Studdert-Kennedy noted (p. 180), for any
given high point value, the higher the “turning point' the more
will the stimulus appear to maintain a higher pitch level after
the early rise and thus the more 'question-like™ it will be
judged, This effect can riost dramatically be illustrated by the
two contours in Figure 43, both of which are identical in high
point (370 Hz) and terminal rise (90 llz) but differ in turning
point, The one on the left, having a 220 llz turning point was
judged a question 85 /o of the time, whergas the other having
a 130 Hz turning point received only a 39 ®/0 score (auong the
U. S. listeners; the differences were even more dramatic with the
Swedish listener's responses). This same turning point effect
also shows up in the results of another recent experiment in-
volving listeners' responses to synthetic intonation contours
(Majewski and Blasdell 1969), This effect is acccunted for by
considering that after a single early rise (prominence) the
pitch in a question typically remains high until the end; the
synthetic contour with a high turning point rore nearly ap-

proximates this situation, It would appear however that Lieberman's

analysis does not and can not account for this turning point
effect, .

As has been suggested by Hadding-Koch and Studdert-Kennedy
(1964, p. 184), this analysis may explain some of the cases of
disagreement between the semantic and psychophysical responses
to the same stimuli., The task of the listeners in the psycho-
physical test was to tell if the final pitch contour was rising
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or falling, but the task of judging stimuli as '"questions" or
“statements' may, if there is a large early pitch rise, have
little to do with the final pitch rise, Thus, the two tasks may
sometimes be entirely different for the same stimuli and we would
expect on those occasions that their responses likewise would
deviate, Only a fraction of the data from the psychophysical
teats was published in the authors' 1964 article, but those
records do seem tu support this view. This is not to deny that
there are undoubtedly many other ‘'effects 'to be discovered in
this data explaining why the responses went this way or that way.
Future experiments or closer scrutiny of the data may reveal these
other factors which influence the identification of intonation
contours as ''question' or ‘statement,"

These remarks on the results of this experiment are scarcely
innovative; they are essentially anticipated by those of Hadding-
Koch and Studdert-Kennedy themselves, The point here is simply
that those experimenterg! observations on their own quite ex-
cellent study are quite in accord with the traditional analyses
of English intonation, (e.g., those of Palmer and Blandford, and
of Pike), and require no reference to any '"air pressure perturba-
tion effect" or any "analysis-by-synthesis' on the part of the
listeners,

From the preceding discussion it would appear that evidence
has not yet been presented that the posited features [+B3] or
[+P_J have the kind of perceptua) reality attributed to them by
LieBerman nor is there any evidence yet that the feature [-BG)
is innate.

Then how can we explain the universality of the falling and
rising piteh contours? First, the universel presence of these
contours in the languages of the world nceds no complicated ex=
planation, Pitch is a scalar phenomenon, it can either rise,
fall or remain level; it is not at all surprising that all the
possibilities for varying pitch actually do occur, Wwhat is sure
prising is the apparent unitormity of usage or ‘'meaning' of the
various contburs in the world's languages, specifically, that
rises or sustenticns of pitch signal a questioning or uncertain

attitutde on the part of the speaker, whereas a falling pitch in-

dicates confidence, certitude, etc, Bolinger (1964) and others
have pondered this point but have not, I belicve, offered very
convincing explanations, For iais reason, Lieberman's provoca=
tive and highly interesting theory that certain aspects of in-
tonation are innate would be very much valued if it was supported
by any convincing eyidence, But it is clearly unfounded. e
could just "explain away' the problem by sugpesting that when
speech began humans made an arbitrary decision that pitch rises
would mean one thing and pitch falls another and that we've
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been astuck with that decision ever gince. Or we could go the
evolutionary route and note that animals (with larynges) usually
make high-pitched whining noises when they are afraid or uncertain .
of their safety, whereas they produce low-pitch growls when they
are angry or aggressive, and from this we could extrapolate to
intonation in speech and claim that humans use roughly the same
code., If some such reasons as these do underly the uniformity

of usage of pitch contours in the world, it is unfortunate be-
cause they will be very difficult to prove, It is more attractive
to take the approach Lieberzan did and seek a physiological ex-
planation for the problem, But unfortunately the existing evidence
just does not fit and science doesn't sanction the acceptance of

a theory merely on the bagis of its attractiveness.

On the Ferception of "Stress"

There have been some recent provocative claims made by generative
phonologists concerning the perception of "stress" and its role in
{ntonation (Chomsky 196Tb, Lieberman 1967a, Chomsky and Halle 1968).
Although this is only marginally relevant to the preceding investigation
concerning the control of pitch in speech, these claims deserve some
exa=ination since the requirements of the listener should be taken into
consiceration in developing a model of any aspect of speech production.

The fact viich the generativists' model of stress perception was
designed to explain is the putative ability of phoneticians to cate-
gorize the syllables in novel utterances in terms of nultiple levels of
stress == of the Trager and Smith (1951) variety == for vhich levels of
stress there is or need be no physical basis in the acoustic speech
sigrel, In Lieberman (1967a) and Chomsky (1967v) it scems that at
least two levels of strecs are alloved to be physically present; in
Chomsky ond Halle (1968) rules are given for predicting all levels of
stress and the impression is given that even {f there is a physical
basis for differentiating some streso levels, such acoustic cues are .
not reelly necessary. ‘fhe ability of vhoneticians to regenerate
"missing" levels of stress is explained by their knowing, tacitly, |
the stress assignment rules of English (based on the principle of the
transformational cycle) and their identification of the lexicel items

1C7
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and their syntactic relations in the heard utterance.* Lieberman[retcra
to this process as an "analysis-by-synthesis" tech::ique (p. 162), but
more generally it is simply called "internal computation" or a similar
tern,

This claim about the perception of stress is an important point
in linguistic theory because on it rests the principle justification
for the treusformational cvele in phonology, vhich in turn (together
with the supposed application of the transformational cycle in syntax)
gserves as the prime example of what must be part of the "inrate lan-
guage acquisition mechanism" (it being alleged that the transforrational
cycle is too complicated to learn in the way that ordinary language-
specific features are learned). And all of this finally is offered as
demonstrating that there is substance to the phrase "linguistic con-
tributions to the study of mind." For conclusions as important and as
far-reaching as these are, one would expect that the lowe=level facts
basic to the theory would be rigorously substantiated, Chomsky end
Halle, however, believe the "racts" about stress perception are so
well Known and 8o firmly and unquestionably established that they need
give no attention to substantiating them. Thus they repeatedly assert
that "careful phoneticians trained in the sarme conventions" can easily
categorize the syllables in novel utterances in terms of several
¢egrees (from b to 6 or more) of "stress" and state that this "has
long been known" (p. 59) or that there is "no doubt" (p. 24) or "there
is ample evidence" (p. 25) that this is the case, and other such
remurks. Tnis, in spite of the admission that

+es it is not surprising that there should be great diffi-
culty, within impressionistic phonetics, in determining hov
many stress levels should be marked and how they are -

" This is the only interesting formulation of the claim, that is,
that the "trained linguist" need only have a tacit awareneis of
such rules; that his training has merely enabled him to "bring to
tne surface”" his subconscious knowledge of these stress rules. An
alternate but wholly uninteresting formilation of the claim would
be that only those linguists who formalized the stress rules and
who use them in the classroom every day were capable of identifying
the multiple levels of stress with ease. It has never been made
entirely clear by the generative phonologists exactly to vhich
subset of the total population of linguists this claim is supposed
to apply. This is not a trivial matter: with appropriete dise
regard for choice of experimental population ve could quite easily
prove the psychological reelity of partial differential equations
by using as our test subjects experts on partial differential
equutions., And since such complex mathematics are even more diffie
cult to learn than the tra.sformational cycle we could easily
demonstrate that it would have to be innate, too.
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distrivuted in utterances that exceed a certain degree of
cozplexity [p. 25)

and in spite of testimony and evidence to the contrary by many other
noted linguists,

There is, for example, Sledd's (1955) comment in & review of Trager
and Smith's Outline of English Structure:

Anyone vwho has attempted to analyze or teach the
English patterns of pitch and stress knows that competent
observers may vigorously disagree and a single observer
ray disegree with himself so often as to make secure confie
dence in his own judgements painfully difficult; this re-
viever, at least, sirply does not hear the neatly symmetrical
distribution of pitch allophones with phonemes of stress as
Trager and Smith describe it land) ... he is sometimes in
serious doubt whether to write primary or gecondary stress ...

Furthermore, the First and Second Texas Conferences (Hill 1962a end
1962b) contain numerous testimonies and anecdotes revealing that consie
derscble disagreement exists betveen noted linguists in their stress
assignrents to English phrases.

Lieberman (1967a), although fully supporting the notion that lin-
guists can differentiate multiple levels of stress, nevertheless allows
that

Trhe results of a number of independent psychoacoustic
experinents suggest that listeners can make only binary
categorical distinctions along the dimension of prominence
when they listen to connected discourse,

and then adds in a footnote:

... Hadding-Koch (1961) found that the stress levels assigned
by listeners, other than level 1, were randomly distriduted.
ves lisrer, in 8 personal communication, notes that students
of the ‘rager-Smith notation consistently produce reandom
results with respect to differentiating the intermediate
stress levels. [p. 1149]

Also there is the published discussion during the conference On
"Linguistics and the Teaching of English us & Foreign Language,” held
at Ann Arbor, Michigan, in the summer of 1957 (Language Learning 1958),
in which it appears that upon & request by Albert Marckwardt for &
show of hends of all those linguists attending who had diffriculty
distinguishing even four levels of stress, about half of those present
raised their hands. f7his event was noted and commented on by Wang (1962)
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vhose comments were in turn noted by Postal (1968). Postal in the course
of flogging the "autonomous phonemicists" elaborates on this point and
notes that .

.es the evident {nebiiity of English speakers to recognize
and discriminate the four stress phonemes ... has bean ad-
mitted even by the most ardent supporters of the four=stress

system ooo [P 25]
lp goes on to testify that

oo 1t is n¥ experience that for most speskers, as with
myself, any distincticn beyond those of primary versus
nonprimary are difficult to near (even with some phonetic
training), end even this distinction is not without its
aifficulties. [p. 26]

Postal still maintains, though, that

+ ¢ contemporary systematic phonemics (L.e4y generative
phonology] requires representations of English in vwhich

no stress distinctions are marked and hence correctly
predicts that untutored speakers [which by his own
testimony includes Postal himself] should have the actually
observed difficulties with stress aistinctions. [p. 27]

These views being quite well known {n tne field, would indicate at
the very least that {t is far from being so firmly and unguestionably
established that trained linguists or anyone else can unerringly and
easily distinguish multiple levels of stress on the syllables of tnglish
utterances.

Chomsky and Halle rightly acknowledge that these issues are erpirical
matters and as such are subject to experimental verification (p. 2€) but
they unfortunately undermine in advance the significance of the results
of any test should anyone ever bother to devise and run one. They say
that since these stress contours are not physically represented in the
acoustic signael, )

There may be no empirical sense to the question of
vhether the resulting representation is correct in full
detail (p. 2%]

.+, Furthermore, the representation of the perceptual
fects is likely to be governed in part by arbitrary conven=
tion irrelevent cognitive limitations after a certain degree
of complexity is reached, ‘'Thus, 1t is impossible to expect
(and, for purposes of investigating linguistic structures,
unnecessary to attain) a complete correspondence between the
records of the impressionistic phonetician and vhat is pre=-
dicted by & systematic theory that seeks to account for the
perceptual facts that underlie these records. (P !
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The purveyors of the nev imperial vardrobe (Andersen 1837) could not

have put the argument better. In other words, there is no vey either

of knowing or testing the reality of these posited stress contours;

ve rust sicply accept the word of those who posited them that they are
accurate and true. The above-quoted escape clauses provide the theory
with perfect insulation against any possible disconfirmation. They

can never be justified nor accepted 1f linguistics is sincere in claiming
to be an empirical discipline.

There is, in fact, 8some non-anecdotal evidence marginal to the
issue of whether or not linguists can consistently recognize several
levels of stress on the syllables of English utterances.

The exgerizent reported by Lieberman (1965) showed that two trained
lirguists were not consistent in marking syllables of utterances with
the four pitch levels A la Trager and Smith, However only one of the
twu subjects merked the caterlal for "stress” so there is no chance to
deter=ine the consisten.y of responses between linguists in this task.
Also in both tasks the linguists marked the material differently when
trey heard it in en acoustically distorted form (retaining only pitch
and/or intensity information) than when they heard it in full, un-
distorted form. Chcmsky and Halle state that this result “strongly
suggests that what the phonetician thears' in utterances depends very
heavily on internalized rules that predict perceived phonetic shape" .
(p. 26, fn.). This hardly exhausts all the possibilities., There are
at least the follcwing reasons vhy linguists might make different
judzments of pitch and stress contours when listening to natursl speech
as cpposed to acoustically distorted speech:

R it el - 2 N e+
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a., They use information on the lexical and syntactic relations
in the sentence plus internalized rules such as those in
Sound Pattern of knglish. This would be an "{nteresting"
version of Chomsky and Halle's interpretation.

b. In meking Judgments on the natural speech they use syn-
tactic information to "type' the sentence according to a
given taxonomy, say Trager and Smith's, and then assign
the pitch and stress contours decreed by the taxonomic
systen for those sentence types. This is the interpretation
Lieberrman offers for those few cases in wvhich the two linguists
vere consistent in the judgments of pitch levels. This would
involve "internalized rules that predict phonetic shape” but
vould be a rather uninteresting version of such.

¢. They react to the same cues in both tasks, that is, ampli- .
tude and/or pitch variations, but having had a lifetime of
practice in Judging these parameters in speech situations,
they come with a perceptual bias when judging them as speech
but do not have this blas when Judging them as non=speech
(Lane 1965 and 1967, Broadbent 1967).
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d. In making their judgments they use the other phonetic

cues present in natural speech but not present in the
. distorted speech signal, €«ge, vowel quality, degree of 3
' aspiration, durational cues, etc. E

e. They are subject to phonetic fantasies which are completely E
idiosyncratic and unstructured. That is, ve might expect .
much the same kind of results {f the subjects took the ?
test while under the influence of LSD, i

£, Some combination of the above reasons == or other reasons.

We might be able to accept the first interpretation if the tvo
native speaker linguists agreed with each other in their markings,
hovever it was clearly shown by Lieberman that they were not consistent,
Unfortunately the experiment lacked sufficient controls to allow us to L
pick out any of the other alternatives.

ladefoged and Fromkin (1968) report an experiment administered to
2l subjects attending a linpuistics lecture, which presunably would
imply that they were linguiats although their degree of training vas
not indicated, The subjects were asked to {ndicate via a phonetic
transcription their pronunciation of 12 orthographically-presented 4
knglish-like nonsense words, each used in a possible English sentence, j
e.g., "lle is going to sitrenide the paper" and "Then he will servit the
result." The results, reported for 11 of the 12 test words, indicate
. : a reasonably good, but not perfect, agreement between the subjects in k
recognizing up to 3 degrees of stress, although unfortunately in giving
the results the authors did not count "minor differences in stress such
as that between levels 2 and 3 in the Trager and Smith systez.” (In
Lieberman's experiment such differences in the markings of the pitch
levels were counted and they contributed to the inconsistency betveen E
the two subjects.) In spite of this and the fact that strictly speeking
this was not a perceptual test, {t does confirm that linguists -- or
speakers of English in general -- are fairly consistent in providing a
phonetic shape to orthographically-presented words, using, presurably,
some procedures which could also oe available for speech perception.
Of course this offers no evidence that such procedures are actually used
in speech perception and for the reasons put forth in Chapter One, it
offers as yet no evidence that the procedures used are best described by
the stress assignment rules given by Chomsky and Halle.

bt waag

To sum up the situation so far, it appears that it has not been
established convinecingly that trained linguists or anyone else can
easily, accurately, and consistently recognize multiple levels of stress
on novel English utterances by using an analysis=by-synthesis schene or
a kind of internal computation using rules incorporating the trans=- F
. formational cycle., Thus all of the elaborate theorizing based on this

point is without any firm foundation.

But what is stress? If we are to run the crucial experiment Just
how are we to instruct our subjects? What shall we tell them to listen

Q for in the utterances? Chomsky and Halle seem to assume that stress
[ERJ!:‘ doesn't or needn't have any acoustic or physiological correlates, And
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so in Sound Pattern of English they do not bother to mention what the
cbrrelates of stress might be. If all or some levels of stress are
cbrpletely percegtual entities, that is, not intended as a part of the
thoremitted message by the speaker and thus not present in the acoustic
slegnal, but are instead always produced entirely in the listener's

byain, then this is & reasonable way to proceed. But this leads
logically to a very curious conclusion, If the listener has to first
1dentify the syntactic and lexical {information in the sentence before

hei car generate the missing stresses, and {f ve agree that the listener
hgyl"sot the message" or is well on his way to getting the message by

¢ tice he knows the words in the sentence and their syntactic rela-
ons, then the stresses contribute absolutely no information to the
ccage, They would elvays be completely superfluous in a way that

v so=-called redundant parts of the message are not: e«g.,y the number
‘the srammatical subject is redundantly reflected in the verb in
English in soze tenses, but if & listener misses one of the cues for the
putter of the subject, then the remaining cue gives the necessary informa~-
tion, These stress levels, being unessential for the transmitted message
can never prcvide such redundant cues, One may wonder why any listener
- treined linguist or not - would bother to crank out these completely
functionless and imaginary "phonetic details"?

This rather fantastic conclusion can be avoided if attention is
paid to the existing literature. It {g difficult to understand how
anyone could write {n the 1960's on the problem of stress perception and
almost cczpletely ignore the vast emount of experimental work that has
been done on the issue, There is in fact & sizeable body of literature
toat discusses the acoustic and physiological correlates of what linguists
Lave leveled "stress" and the functional role of this entity. Chomsky and
Halle's sole references on this are the above-quoted interpretation of
Lieberman's (1965) experiment and the two related statements:

.+.there is no evidence from experimentel phonetics to
suggest that these [stress) contours are actually present
as physical properties of utterances in anything like the
detail with vhich they are perceived. (p, 25)

and the footnote:

.. sauvever, even if such differentiations did exist along
a single dimension of the acoustic signal, there would be some
reason to doubt that they might be jdentified by phoneticians.
There is evidence that even under experimental conditions, vhere
corplex stimuli are to be sorted along several dimensions, more
than two or three distinctions along each dimension will over-
load the perceptual capecity ... [p. 26)

Why do the correlates of stress have to be limited to a single acoustic
parameter? Anyvways, being partial truths, these statements are distortions

1i3
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. . of what experimental phanatics has actually shown about the thing linguists
call stress, namely, (a) that linguists' first guess as to the physical
correlate of vgtress” was wrong, with the result that since they had been

. looking in the wrong place, naturally they could find no physical avidence

for it, and (b) the real physical correlates of stress are multiple end
complex, which helps to explain some linguists' impressionrthat they
could recognize multiple levels of stress: they were undoubtedly lurping
together variations in more than one parareter. Subsequent linguistic
analysis of the phenomena showed that (c) far from veing functionless,
manifestations of stress serve a very important role in speech.

It will be useful to attempt a brief summary of these points; for
more systematic end detailed accounts of what wstress" ic and how it
functions, see Bolinger 1958 and 1965 and vanderslice 1968a and 1968b.

Linguists originally thought that the difference between the noun
and verb forms of "{nsult" was due to a difference in the placement of
an increased breath force on the syllables of the woré., They celled this
increased breath force (or articulatory force) "stress" and iragined that
the acoustic correlate of this difference was increasel loudness (Sweet
1911, p. 465). Even 80, most linguists, as noted by Liebermen, recogznized
only two levels of stress, namely stressed and unstressed, Soze linguists,
for various reasons, convinced themselves and their students that they
could recognize L levels of stress. Trager and Smith (1951) are notable
. for this and Chomsky and halle follow their lead in this matter without
" question, although go even further by recognizing at least 6 levels of
‘gtress. Also, Chomsky, Halle, and Lukoff, along with irager and Emith,
. accepted the common definition of stress as "degrees of loudness." How=
ever in Sound Pattern of Znglish Chomsky and Halle carefully eveid
suggesting that there may be any acoustic correlates of stress.

It's an old story now =< in fact, it wvas something of an old story
in 1951 when Outline of English Structure appeared == that the phoneticians
gradually realized their concept of stress was Wrong. Early investigations
by Coleman (1911), Muyskens (1931), Scott (1939) and others were sufficient
t6 make many noted linguists accept the idea that stress differences vere
primarily a matter of pitch change. lore recent work by Lawrence (1952),
Bolinger (1958), Fry (1955 and 1960), Lieberman (19€0), Mattingly (19€6),
Rabiner, Levitt, end Rosenberg (1969) and many others has confirmed thet
what linguists label "gtress" differences are largely due to variations in
pitch, duration, vovel quality, and intensity, with pitch usually being
the most effective cue. This by itself helps to explain why it was not
possible to find a single parameter in the speech signal, such as intersity,
which varied in & vay paralleling the linguists® judgments on gtress levelS.

. Bolinger further showed that it is not pitch levels which correlate
vith "stress" but simply pitch contours or obtrusions, either up or down
—- which he called "pitch accent." Following Palmer and Blandford (192h)
. and others, Bolinger pointed out that a distinction must be made between '
the potential of & syllable to bear this pitch accent and the actual
manifestation of the pitch accent, The potential to receive pitch accent
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he designated "gtress." In order to avoid terminological confusion .
"syress" meaning "potential for receiving pitch accent” will be given
hereafter as "stressy," and "gtress" meaning "perceived relative promi-

| nence or loudness" will be given as "stressche'

>l -

Azong the pitch contours that can serve to manifest 8 gtresgedy
\syllable 18, of course, the main intonatlon contour (or "tune") that
must be & part of every sentence. As pointed out above (pp.98-100),
this sentence intonation contour is superimposed on the last syllable
pepable of receiving it. Some stressedy syllsbles' potential to bear
%4iich accent may not be realized due to contextual constraints. For ex=

=ple, the second syllable of "incarcerate’ is the stressedp syllable
ggnd ordinarily its potential for pitch accent is realized. This is the
*case when it is pronounced in isolation, vhere, of course, it is the
E}entence {ntonaiion contour that is superimposed on the second syllable:

4

Hcwever, in some contexts this potential may not be realized,specifically
vhen the word represents old information, that is, is part of the "topic"

as opposed to the "comment."

M—_/\— . -
Instead of jailing the thief, {t's the mayor we should incarcerate.

Here "jailing" and "{ncarcerate" are synonymoug 8o "{ncarcerate" is old
inforzation and is accordingly "de-accented," that is, its potential for
receiving pitch accent is not realized. "Mayor" is thus the last accenta=
ble word and so its first syllable receives the sentence intonation con=-
tour. The word "incarcerate" now falls in the level low=pitched portion
(called "cadence" by Vanderslice) that necessarily follows this type of
{ntonetion contour. No pitch contour falls on {ts stressedp syllable.,

O At A St € e & it s et et
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An understanding of the mechanics of guch aspects of intonation as
"eadence" and placement of sentence {ntonation contours may shed some
light on the origin of linguists' impressions regarding what they have
called "stressep.”! Consider, for example, the following urm-chair ex-
perirent from Chomsky, lHalle and Lukoff (repeated in Sound Pattern of
English, p. 116, but without any mention of "loudness"):

Consideration of single words reveals at least five phone=
tically distinct levels of stress. E.g., the relative stresses
34 1 5 .
{n "emendation" must be marked "emendation." We arrive at this
) conclusion by noting that thec heaviest stress is on the third
syllable, and the first syllable is clearly louder than the .
second, vhich in turn is clearly louder than the fourth.
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Furthermore, we note that the stress on the first syllsable
ig less than that on the first syllable of "either nation",
the stressed syllables of which must be marked 21; so that
the first syllable of "emendation" must have stress 3.

An evan larger nunmber of stress distinctions can be
discovered when we proceed to longer phrases. [p. T0]

Whether the third syllable of "emendation" need be the loudest syllable
is debatable, but it is unquestionably the stressedp syllable (any
dictionary reveals this) and consequently is eligible to receive pitch
accent. In this case since it is uttered in isolation it gets the
sentence intonation contour. Comron renditions might be:

emgndh&ion

or

é;;;;§tlgg_

The tourth syllable, "-tion," necessarily is pronounced during the low=
pitched cadence. Since it is lower in pitch than the first two syllables
{t 1s natural that it seem relatively less prominent. However, ve could
simply attribute the same degree of stressp, namely "not stressed " to
the first, second, and fourth syllables and still explain quite naturally
and simply the perceived greater prominence of the first and second with
respect to the fourth,

There i8 indeed a quite compelling impression that the third syllable
1s more prominent than the others. This could sometimes be due to the
higher pitch it may get. lowvever syllables need not be uttered on a
higher pitch than the others in order to be heard as the mos* = »minent .
syllable because, as Vanderslice has pointed out, it is sufi. .:at that
the syllsble receive the sentence intonation contour in order to stand
out from the other syllables, This also explains why the second stressedp
syllable of "either nation" appears to be more prominent than the first,
In a common rendition, e.g.,

e
either na&ion

the stressedp syllable in "nation" is the last in the utterance and 8o
receives the sentence intonation, thus appearing more prominent than the
stres.edy syllable in "either." But there would seem to be no need to
formally attribute different degrees of "gomething" to either ayllable;




A N

¢ HD 10 ot Toorodonbishl chaddh o b oSlithba sianel GE4. o -Q.Asuv"q-‘-\l‘-" el eppiid o KM leatle WD B1o ah b ey [T P TP TS TP VI TOPE WP 1YY T S S U SR
'.
. 11k |
: ithe perceptual difference follows naturally as a by-product af ths
rechanisn of the intonation system and the listener's hearing mechanism,
Analogously, the visual impression received when viewing railroad tracks
that the two rails ceet at the horizou (when the line of sight is about
rerellel to the tracks) does not require that the tracks be constructed
such <hat the rails actually do touch in the distance. Nor does it
require any special innate cerebral ability on the part of the viewver.
! Tae izpression follows naturally as a by-product of the way the world
is constructed and the way vision operates. fThus, in speech neither the
tceaker nor the listener has to "know" about stressch in order for the
Az-rressicns of relative prominence of syllables to occur, If this is
r.e case, Chomsky end Halle's luclear Stress Rule (p. 90) which would
P

Sl me e mtt—e =

k-ive the s.ress contour 21 for the phrase "either nation” would thus be
Sunnecessery or at least would say nothing about the mental pracesses
glf speakers of English.

ccarticulation, and other such matters also play a part in determining
tre perceptual impression of the relative prominence of the syllables
in utterances. Actually without suitably controlled experiments it is
irzcssible to knov with any certainty why some linguists have these
‘ irpressions or whetner they all have the sarme impressions. Therefore
3 tre above corrents should be regarded as hypotheses that need further
testing., levertheless it is better to look for physical criteria the
} lirguist cignt use to identify stress levels rather than to assume he
' pust be "hearing things."

|

i

!

'

!

} -

} ! .5 doubt the relative durations, the degree of vowel-consonant
|

{

%

} The algorithms or procedures the native speeker doeg need to
) know == those which will fortuitously give the impressions regarding
1 . stressgh ~- are the ones which will correctly produce the pitch variae-
| [ " ticus, the durational characteristics, etc. of utterances. Such rules
; cen te and have been written with varying degrees of success (Kelly and
' ! Gerstman 1961, Holmes, Mattingly, end Shearme 195k, Kim 1965, Mattingly
| 1966, Venderslice 1968a, Matsui, Suzuki, Umeda, and Omurae 1968, Rabiner
et al., 1969) end wvhen used to synthesize speech :>roduce quite satisfactory
{ results == results, which while not yet perfect, are impressive enough to
indicate that they are on the right track.

Distinct from rules or procedures for generating the actual phonetic
parczeters of utterances, but also needed by the native speeker, are
| reans whereby he knows which syllables are "stressedp," that is, have a

potential for pitch accent, which, again, is not the same thing as per-

ceived prominence, From the preceding discussion it appears that stressp=
generating algorithms, if feasible, need work only on individual lexiecal
iters, not phrases and not sentences, and further need predict only two
levels of ztressp not five or six. Those of Chomsky and Halle's stress
rules that apply within the word could apparently accomplish this for a
large nucber of English words, with appropriate trimming of the extra
stressch levels, Of cnurse the task could also be done by & kind of
dictionary look=up (cf, Vandersiice 1968a). Since the look-up need be
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done only for lexical items it presents no rreat burden on pemory any
more than the other phonetic characteristics of words do. However,
vhether the speeker knovws that the third syllable of "emendation" is the
stressedp sylleble by means of generative stress rules or by a kind of ]
dictionary look=up is entirely an empirical matter that has yet to be
settled.

In the light of the foregoing points let us consider one final
vit of evidence alleged to show that listeners generate internally treir
ovn impressions of relative prominence irregardless of what is physically
precent in the acoustic cignal. This is an experirment reported by
Lieberman (1967a, p. 155). He began with the assumption that the two
1 3 2 b
noun phrases "lighthouse xeeper" (someone who tends a lighthouse) and
2 1 3 b
' "1ight housekeeper”" (a small person who keeps house) are innately endowed
with different stress levels, as shown. He then recorded someone sayinz
the following two gsentences which incorporated those noun phrases:

PR a kM et

1, ''he life of & 1ighthouse keeper formerly was very lonely.

2, Our maid weighed 180 pounds, but the Joneses had a light i
housekeeper for more than twenty years. !
¢

* He excised the two ncun phrases from the sentences and interchanged then, f

i.e., putting the part excised from sentence 2 into sentence 1 and vice
versa. The result was:

gtress patterns of the altered sentences and the original
sentences, In sentence 1, one hears the phrase as (light
house) (keeper) whether or not the originel sentence or the
sentence vith the phrase excised from sentence (2] is heard.
The context of the entire sentence indicates the appropriate
constituent structure, and the listener "hears" the correct
. stress pattern.

Y

3

{

It is ... impossible to hear any difference between the 2

Lieberman fails to note that this result is due to the fact that in gentence
2 there is a synonymy relationship between "maid" and "housekeeper" which

requires the de-accentuation of "pousekeeper" and that there is & contrast i
vetween "weighed 180 pounds' and "1ight" which requires that the accentua= %
tion on "light" be manifested and possibly emphasized, thus giving the ;
pitch patiern \

* . 1igh€\housekeeper.

mis i8 approximately the same piteh pattern for "1ighthouse keeper" in
gsentence 1. And 80 the two noun phrases can ve interchanged in the two

18
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sentences without noticeable effect. Thus the rules of accentuation

es discussed above help to account for the homophony of the two phrases.
Using the came principles of accentuation it is a simple matter to
construct an alternate sentence to (2) which will give a very differ-
ent pitch pattern to the noun phrase "light housekeeper,” Instead of
sentence 2 one need only ask that the following sentence be used and the
saze tape splicing rroccdure be used:

2!, We have an underveight gardener whereas the Joneses
have a light housekeeper these days.

In this case "underveight" and "light" are now synonymous and this forces
"1ight" to be de-accented, but "gardener" and "housekeeper' contrast
requiring tte (emphatic) accentuation of "housekeeper." The resultant

pitch pattern will be
ligh;/housh&eeper,

and this will, of course, sound quite anomalous in sentence 1, or at
least will change its meaning, lleither the context of the entire sen-
tence nor any amount of internnlized rules will make the substitution
sound like the original sentence.

The main point here, which is that made by Vanderslice, is that such
{ters, the tvo forms of "light-house-keeper," "black-bird," "redwcoat,"
"green-house," "grand-father-figure," etc., can all be rendered homo-
phonous or non-homophonous quite naturally by providing the appropriate
prior context. An interesting example from Vanderslice (1968v) 1s the
following: :

Castor: The actor we want has to be a father figure.
Pollux: Polonius is a grand father figure.

vhere =- in this context == it is altogether ambiguous whether
Pollux means 'an excellent father=figure' or 'the figure of a
grandfather', [p. 25)

Having discarded the notion of stress as "perceived relative promis
nence" of syllables and understanding it to mean instead "potential for
receiving pitch accent" =e following Bolinger -~ and strictly separating
this potential for pitch accent from the manifestation of pitch accent,
1t is possible to assess the true function of all the phenomena that
were traditionally lumped under the title of "stressgp." The manifestation
of pitch accent on the stressedp syllables of the words in a sentence
indicates the relative importance or informativeness of these words ==
from the point of viev of the speaker., This can hardly be predicted by
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the listener; he has to oy attention to the acoustic signal, in particular
to the pitch variations. Furthermore the speaker cannot neglect making
these particular placements of pitch contours. Also, if the potential
for pitch accent js realized for a particular lexical item this serves to
{denvify the word in the same vay as the component vowels and conscnents
do. In a particularly noisy situation the placement of the pitch contour
could help to differentiate "capitalize" from "capitulate", for example.
In such cases, again, the listener would have to pay attention to the
physical properties of ihe acoustic signal. lowever in most cages the
listener may be able to identify words without using or hearing the
placement of * - pitch contours -- indeed, in sentences where some words
are de-accented the listener has no pitch contour to go by. And vet he
does of course know which syllable in a given word is the stressedy,
syllable. Is this done by analysis-by-synthesis? lo. At least not if
ve accept the cormon characterization of an analysis-by-synthesis system,
namely, that it " .. involves the internal synthesis of patterns according
to certain rules and a matching of these internally generated patterns
against the pattern under analysis" (Stevens and halle 1967, p. 88). 1If
the pattern under analysis contains no overt indication of which syllable
has stressy, then no amount of internal pattern peneration is going to
help. None of the internally-generated patterns is going to show any
better or worse match with the incoming signal than any other. Tre
listener knows which syllable is stressedy, not by using an analysis-by=
synthesis procedure but by referring to stored knowledge of the language.
In much the same way We can internally (enerate the first nece "Cherles"
(and much other information) if we hear "Dickens, author of Great
Empectations." Whether, in the case of assigning one level of stressy

to words, this stored knowledge consists of a larre dictionary or a set
of generative rules is, as indicated astove, entirely an erpirical ratter.
Thic strikes me as an extremely interesting question well worth the tize
and imagination the generative phonologists or enyone else rig + spend
trying to ansver it. The results night even lend subtstance to the notion
that there can be linguistic contributions to the study of mind.

In summary it appears that the pitch variations used in speech are
important; they do convey information; they cannot be completely predicted
by the listener. An analysis of these pitch variations and the other
phonetic details necessary to an utterance help to explain some linguists'
impressions regarding the elusive entity of "stressgp."
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Chapter 3

!

]
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!
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} Prior to discovering the brain mechanisms underlying the

) observed behavior in speech, it must first be discovered what

{ the brain's task is in speaking. All of the observed actions in

) speech need not be part of the "program" the brain is trying to

i execute, just as the minor variations in the shapes of printed

: letters, e.8., W, ,W , are not part of the brain's task in
writing. Given the movements of speech one must first determine

l which part of them are purposeful and which part of them are

! fortuitous. A useful place to begin is to make the fairly

i obvious observation about speech that the order, the timing and

1 the placement of articulators are not random. Some precision in

! all three of these aspects is esgential to communication. These
are not wholly independent of one another, e.g., an error in order

! could be taken as an error in timing, too, but not necessarily

1 vice versa. Still, they can be studied separately. Two tasks

‘ for the phonetician, then, are to determine, first, how much
precision is needed, and second, how it 1s achieved. This section

; will be concerned with preliminary aspects of the second question.

To explain how precision is achieved in these three separate
areas it is natural to split the class of possible mechanisms into
two: closed~loop versus open-loop, or systems in which the feed=
i . back determines the subsequent characteristics of the output,
versus systems in which feedback has no such effect and the
characteristics of the output are determined by a prior plan.
Comm=on analogues for thesc two systems are automatic pilots in
airplanes, which are closed loop, and traffic lights, which,
unfortunately, are too often open loop. These two systems are
uysually schematized more or less as in Figure 44. various writers
have considered the possibility of both these systems beirg
used in speech but have not always considered them for all three
of the above mentioned aspects of speech: order, timing, and
articulation. Thus, it seems that Lashley (1951), Fairbanks
(1954), and Lenneberg (1967) were primarily interested in ac-
counting for the correct ordering of events in speech (although
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Fairbanks did consider aspects of timing, too); Ladefoged (1967a),
ladefoged and Fromkin (1968), Fromkin (1965 and 1968) and Mac-
Neilage (1968) gave their attention to how speakers achieve

target positions in articulation, whereas Chistovich and her
associates (1965) considered all three aspects in various places
in their work. Bernstein (1935 and 1967), although concemrned
with all motor skills in general rather thar with speech in
particular, provided some brilliant insipghts into the possibhle
role of feedback in determining all of the various qualities of
motor output in organisms.

Besides some difference in the problems considered, there
i 1s also some minor non-uniformity in terminology and in what
is implied by the diagrams used to schematize the two systems.
Some of the various diagrams and terms used to describe them
t i are given in Figure 45. For the most part these differences

are not significantly different from what has been called above
closed-loop and open-loop with the exception that the various
kinds of "chain" models may be taken as implying a system which
has discrete units in the output signal, and in which the suc-
cessive units were triggered off by the accomplishment of the
preceding units in an all-or-none fashion. One need not accept
these limitations. It i{s possible and more plausible that there
is -~ 1f only at a low level in the neuromuscular apparatus !
that controls movement -- ar analog system in which efferent
(notor) signals are continuously fed to the muscles and the
afferent (sensory) signals are continuously sent back to the
braia, and further, in which the information supplied by the
afferent signals i3 used to regulate the characteristics of
the output signals over a continuous range.

However, the appropriateness of the clcsed-loop system for
speech has been questioned by Lashley (1951), Cooper (1967),
Lenneberg (1967) and by Chistovich et al. (1965)*. Therefore
prior to considering thé experimental evidence on the possible
use of feedback in spcech, these theoretical objections should
be examined. Of course it must be acknowledged that in ruling
out or arguing against closed-loop systems these writers were
primarily concerned with the model's ability to account for only
one phenomenon, that is the ordering of gestures, and their

However, since Chistovich and her colleagues endorse a closed-
loop system later on in their work their objection to it was Lo
perhaps for the sake of argument.
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"Chain" Hypothesis

Figure U5a,

+D—E

TTT1

"Comb™ Hypothesis

From Bernstein 1935, 1967

A—*B~+ C—>D——E A B c D E

“Sequential Chain Model"

Time

"Hypothesis 1"

[}

Figure L5,

"plan Model"

Figure 45b, From Lenneberg 1967

Higher

A

— Motor and —
Sensory
Periphery

"Hypothesis 2"

I Flgure 45c, From Chistovich, et al, 1965

Various diagrems and terms used by several writers
in discussions of open=loop versus closed=locp
methods of controlling sequencing (ordering) snd
timing of gestures in skilled behavior,
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arguments need not apply (nor, as far as can be understood, were .
they intended to apply) to other phenomena, whether ordering,

timing, or articulation. In the next section, then, the various
arguzents leveled against the closed loop, or "chain" model in

speech are reviewed and discussed.

ARGUMENTS AGAINST CLOSED-LOOP SYSTEMS IN SPEECH.*%

There are at least five such e~guments.

1. There is not enough time for a round-trip transit of
an afferent then efferent nerve impulse. Lashley (1951) pre-
sented this argument primarily against the possibility of a
chain of reflexes being able to account for the rapid skilled
movements of the hand and fingers in such tasks as playing the
piano, etc. But by implication he extended this to all rapid
skilled movements. He noted, as did Chistovich and her colleagues,
that human motor responses to sensory stimuli (including kine-
sthetic or deep n i:cle sensation) typically took as long as
1/8 sec., a much larger interval than the shortest intervals .
observed in skilled behavior including speech. This argument '
seems to have been endorsed by Cooper (1967) as well.

2. The "chain" model cannot explain the great permutability
of the units that occurs in speech. If it were the case, Lashley
argues, that the gestures for the "p" in "apt" triggered the
gestures for the following "t", then every occurrence of o'
ought to be followed by "t", but clearly this is not the case.
This argument, which was endorsed by Lenneberg, applies as
well to any level of language, from the most elementary arti-
culations to syllables, words, phrases, and on up to sentences,

3, Lenneberg claims that the anticipation or pre-planning
such as is evident in speech cannot be explained by the chain
model. In words such as 'stew" and 'stay' the lips and parts
of the tongue are already partly in position for the vowels even
while the consonants are being executed. Moll and Daniloff

®  Portions of the following aéction have appeared before in
Ohala and Rirano (1967) but have been substantially revised )
here.
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(1968) have shown that coarticulatory behavior can span syllable and
word boundaries, e.g., lowering of the velum begins simultaneously
with the tongue movement for the first vowel in utterances such as
"freon" or "free Ontario." If one assumes that phonemes are the
stored units which are linked together in speech, a model which
proposes that the accomplishment of one phoneme triggers the

start of the next cannot explain why articulatory aspects of wmore
than one phoneme can occur simultaneously.

Related to this 1s the observation by Lashley that errors in
speech, e.g., spoonerisms, are frequently of a- anticipatory nature
-~ that 18, "jumping the gun" -- suggesting that all the elements
of an utterance are 'in a state of partial excitation" before they
are uttered. This, too, argues against a simple chain model whereby
a unit ig excited or triggered by the execution of the preceding
unit, :

4. As a corollary to the first argument, above, Lenneberg
further argues that owing to the differences in nerve impulse
conduction times between the brainstem and distant parts of the
vocal apparatus, coordinated simultaneous gestures between, say,
the 1ips and larynx would require that the commands for the larynx
be issued some 30 msec. before the commands to the 1lips. Thus,
the representation of the sequential muscular commands in the brain
would have to be completely disorganized in the time dimension
with regpect to action at the periphery, i.e., in the muscles
themselvea. A single stimulus could not trigger a complex of
commands which had to be temporally staggered.

5. Another theoretical objection, which, it geems, has not
been made previously, is that the chain model would make it dif-
ficult to account for changes in the rate of speaking. In its
simplest form the model would predict that after the initial
movement, successive movements may be delayed only by the amount
of time it takes the appropriate nerve impulses to travel from
the sensory rrceptors to the brain and then back to muscles, since
the rate of conduction of nerve impulses is fixed and cannot be
voluntarily altered. Ye: speakers can say the same word and the
gume sentence at different rates.

However, in spite of these arguments a case can be made for
a modified version of a chain model to be operative in speech --
that 1s, a case which is no more speculative than those objections
raised against it., To this end, it shall be argued that, of the
above objections to a chain model, the first and fourth are un-
founded and the remaining three require a refinement and limita-
tion of the model,
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The possibility that there is not enough time for a nerve im-
pulse tq make a complete round trip from sensory receptors to the
brain and back again to the muscle in the time speech gestures are
observed to follow one another is not so obviously true. Kugelberg
(1952) and Rushworth (1966) have demonstrated the existence of
facial reflexes in humans, such as the eyeblink and the masseter
reflex (the reflex which resists external non-voluntary displace-
ment of the jaw) which have remarkably short latencies: of the
order of 12-15 msec. and less. Being basic reflexes it is true
that the delays are as short as they are because they involve
very few intervening synapses in the reflex arc, and it is per-
haps doubtful that thig could be true of speech gestures, too.
Hewever, as Fairbanks (1954) noted, it is not necessary that a
gesture has to be 100X completed, i.e., that complete closure
be made between the 1lips or the tongue and palate, before afferent
information on the progress of the gesture ig reported to the
brain. The brain is capable of predicting the closure on the
basis of preliminary information. It also seems to be true that
as sequences of movements become more and more skilled, and gpeech
certainly 1s, control of the movements is more and more removed
from conscious control and 1s given over to more or less automatic
relfex levels of control. Thus it 1s not proper to take 1/8 sec.
as the limits of human reaction time. In addition, the fact that
the delay between the brainstem and the laryngeal and respiratory
muscles is greater is not pertinent here because the most rapid
sequential movements in speech are limited to the oro-facial
region.

Also, as Lenneberg noted, 1f one argues instead that these
sequential chalns are accomplished entirely in the brain itself,
the conduction times are negligible and cease to be a problem.
Rowever, he says this alternative is neurologically naive (p. 99).
It certainly would be if someone actually expected a complefely new
nervous circuit to be formed in order for a particular chain of motor
acticns to be formed. But surely it is possible to exploit existing
neural circuitry for this purpose. It would seem that the brain ia
capable of forming new associations and connections between ideas
and actions and words all the time and although no one knows how it
1s dcne no one denies that it is possible merely because one sug-
gested explanation has been shown to be untenable. Certainly such
connections between units could be programmed anew for each speach act
and then erased when no longer needed,

These arguments are tentative; much more regearch is clearly

needed. However it seems that the argument that there ig not
enough time for gestures in speech to be triggered or released
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by afferent impulsation from preceding gestures is based on evidence
that 1is not unshakable, ' [

Lenneberg's ~orollary objection to the "chain" model, the fourth
one listed above, has two parts to it: (a) rhere are sequential
gestures in speech which require precise coordination (+5-10 msec.¥)
between distant articulators, i.e., the larynx and the articulators
in the oro-facial region, and (b) the differences ii the conduction
times of nerve impulses to various muscles used in speech may be _
as much as 30 msec. There i3 some evidence that such precise co- 3
ordination is required between articulators in the oro-facial region, t

_ but what is the evidence that such ccordination is present betwveen '
those articulators and the larynx? As far as can be determined
there is none. This claim is based on, first, an incredibly bad
and amateurish "experiment' which one gathers Lenneberg actually
ren, and, second, on a misapplication of the results of some of
the work of others on listeners' responses to synthetic and altered
natural speech.

o —yar o
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In order to show that ''there must be considerable precision in

timing 4f laryngeal mechanisms are to be integrated with oral ones" ;

. (p. 97) Lenneberg gives some measurements (in msec.) derived from y
some spectrograms of the two words "obtain" and "optimal" as follows: 1

{

Word Mrst Vowel puration of Duration of f

labial stop [sicl_the gspiraeion,

Obtain 90 [msec.) 170 ' 50 ?

Optimal 110 160 20 '

:

{p. 96] )
. f L There is no specific statenent of how precise this coordination

has to be, only that there must be "an accuracy of milliseconds"
(p. 120); but in that it should be "well below 20 msec." (p.97)
this probably means a precision of +5.msec. .
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These figures are alleged to show that " the acoustic cues for
the distinction of certain voized and unvoiced stops are the dura-
tion of the preceding vowel and the duration of the silence during
which the lips are closed.”" (p. 97). In this case the vowels
differ by only 20 msec. and the labial stops are said to differ
by 10 msec. Also, in the second word "the duration of the aspira-
tion (the only part of the /t/ we hear [sic]) lasts only 20 msec."
(p. 97). It is indeed true as Lenneberg indicates that the voiced=-
voiceless distinction of consonants may be signaled by the differ-
erces in the duration of the preceding vowel or tha conscvnantal
closure itself (House and Fairbanks 1953, Denes 1955, Lisker 1937,
Peterson and Lehiste 1960, Fintoft 1961, Delattre 1962, Fiscler-
Jgrzensen 1964)., However all previous studies have found that,
other things being equal, it is always the vowel before tne voiced
consonant that is longer and, conversely, it is voiced consonants
wvhich are shorter intervocallically; just the opnosite tendency
from the one that Lenneberg's figures show. Clearly some other
thing == the phonetic environment -- is not equal in these two
verds. The accent falls on opposite syllables: obtafn, but
oftimal; and this causes vowel reduction -- both in quality and
quantity -- in the first word and is sufficient to render the vowel
before the vniced consonant shorter than the vowel before the voice=
less consonant. Further it 1s not possible to determine the dura-
tiop of the labtal closure from a spectrogram with words like '"ob-
tain” and "optimal". The silence between thc vowels is due to the
closures of both the bilabial and the alveolar stops. Part of the
silence is indeed a good cue for the /t/; the aspiration is not all
that 4s used to identify it. Normally the increased duration of
vowels before consonants -=- in accented syllables -- is about 60
to 100 msec. depending on the speaker and how fast he is talking.
And the increased duration of the voiceless consonants over voiced
consonants between vowels and after accented syllables is about
45 msec. (Lisker 1957). It is not clear what significance Lenne-
berg attaches to the fact that the aspiration of the /t/ in "op-

timal" came out to be 20 msec. It certainly does not imply any
kind of coordination between articulators nor does it imply the
existence of an articulatory event of the same short duration, low=
ever to make this point clear a brief discussion of aspiration is

in order.

*® »* x® ol

Aspiration is the delay in onset of voicing after the release
of the constriction oi an orul stop (Jones 1962, Abercrombie 1967).
Volce onset time (VOT after Lisker and Abramson) with respect to the
oral release in English and other languages has been measured exten=-
sively and accurately by Lisker and Abramson (1964)., Their data
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| revealed that the VOT for initial voiceless stops ia accer ced gylla- 3
| bles in English is not very precise: it varies in a normal Gaussian j
manner over a range of 20 to 120 msec. for /p/ with an average value 1
of 58 msec. In the case of the English /b/, however there was very 1
little variation in the VOT, 75% of the tokens having a VOT of 5
msec. But this does not necessarily imply articulatory coordination
| ‘*etween the 1ips and larynx -- for the following reasous. Two

| factoras determine when voicing may begin: the right combination

, of the degrae of adduction of the vocal cords and the amount of

pressura drop across the vocal cords. :

y From photealectric glottugraphic studies of the changes in

| " glottal aperture it seems that for an initial "voiceless" stop

the vocal cords are thrown rapidly open and then are brought to-

wards one another but are not adducced completely before the oral F

conatriction is released. The delay in voicing -- causing the

vaspiration' ~- is due to the time it takes the vocal cords to 1

approximate sufficiently. Variationms in the relative timing of t

the laryugeal and oral gestures, variations in the air flow

through the glottis, and other factors contribute to the large

fluctuations in the VOT for English voiceless stops. In the case

3 of the initial "voiced" stops and those stops that occur after /sl

however, it appears thac the vocal cords are already in the proper

. adducted position before the oral constriction is released and all

\ that is necessary fur voicing to begin is that there be a sufficient
pressura drop across the glottis. This is accomplished as foon as
(or at most 5 or 10 msec. after) the oral constriction 1is released.
There is little delay and little variation in the VOT with respect
to the release of the oral constriction in this case because they
are mechanically linked.

Along these same lines it is interesting that in Lisker and 1
Abramson's data "fully-voiced stops”, i.e., stops in which the b
voicing begins well before the oral raolease (e.g., French /b/),
also had considetable variation in the VOT just as did the voiceless
"agpirated" stops. Again, this is evidence of the lack cf precise
coordination between the oral articulators and the larymx.

In a later, more detailed study on VOT in English, Lisker and
Abramson (1967) demonstrated that the difference between the VOT's
for the voiced and voiceless stops is not precisely maintaiued in
running speech, especially in unstressed eavironmenta.
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Lenneberg claims that experiments at Haskins Laboratories
hch shown that temporal differences with magnitudes "well below
20 msec. are of the essence" for differentiating speech sounds
(p. 97) and refers the reader to Liberman, Delattre, and Cooper
(1952), Schatz (1954) and Liberman, Delattre, Gerstman, and
Cobper (1956). The first two articles are quite excellent
stiidies dealing with synthetic and natural speech, respectively,
dezonstrata the interaction of the stop burst frequency and

e following vowel in influencing listener's identification of
i¢ Place of articulation of the stop. It 18 not at all clear
relevance these gtudies have to the point Lenneberg attempts
Te, maKe, unless it be to note the VOT used in the stimuli, which,
oS has teen pointed out above, offers no evidance of the precise
coordiration Lenneberg claims is necessary. In Liberman, et

at. (1956) 1t is demonstrated that by varying only the duration
of formant transitions a certain stimulus could be made to change
from /b/ to /w/ to /u/ and another stimulus could undergo the
transformation: /g/ to /j/ to /1/. 1In no case could it be con-
cluded that temporal differences of well below 20 msec. made

any great difference, Afr best a difference of about 30 msec.

in the duration of the formant transition would change the sub-
Jects' identification of the stimulus from /b/ to /w/. But the
relevance of this to Lenneberg's point is still far from obvious.
First of all, these different durations of formant transitions
would, in natural speech, be controlled by one articulator, not
two, and would therefore offer no evidence of the necessity of
precise coordination between distaut articulators. Second,

these experiments only show what the limits of human discrimina-
tion are; they cannot and do not offer any evidence as to the
lewer limits of the speed and precision with which the arti-
culators actually move in speech. What evidence this study does
offer on the range of the speed of formant transitions which

the articulators must control in order to maintain the differences
in the various "phonemes" susgests that a speaker has a lot of
lee-way in the control of his vocal organs.

Further inconclusive evidence offered for this point by Len-
neberg are the examples of aphasiac's methatheses. Saying /take/
instead of /task/ may quite easily be an error of order not of ‘
coordination -- at least insofar as this transcription represents
the phonetic facts*, that is, a correct pronunciation of /taks/

* It would have been helpful if sn I.P.A. transcription had been
used in these cases; what is one to make of the statement on
page 97 that one aphasiac replaced g by 8i?
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takes about as much coordination as that required to say /task/.

It would appear that Lenneberg has presented no evidence that
precise coordination (+5 or 10 msec.) between distant articulators
18 necessary or present in speech. Mowever, what about the evi-
dence for the other half of Lenneberg's innovative claim: that
there may be a difference of up to 30 msec. in the transit time
of nerve impulses from the brain to the larynx and the brain to
the orofacial muscles?

Considering the amount of space Lenneberg devotes to con-
clusions based on this claim and the lack of qualification with
which these conclusions are stated (p. 103, 120), he is quite
cavalier in the matter of providing the reader with any details
as to how he arrived at the precise figure of 30 msec. After
citing some of Krmpotic's measurements on the length and average

diameter of the various nerves which supply muscles used in speech
he says only

Since there 1s still some uncertainty about the phys-
iological interpretation of these determinations, we need
not be concerned here with the details. Suffice it to say
that the anatomy of the nerves suggests that innervation
time for intrinsic laryngeal muscles may easily be up to
30 msec. longer than innervation time for muscles in and
around the oral cavity. [p. 96]

Short of actually stimulating someone's midbrain and measuring
the time it takes for the nerve impulse to travel to various muscles
used in speech, the transit times of nerve impulses can only be
estimated very roughly using indirect information in the literature.
In fact it is more accurate to say that the uncertainty sur-
rounding the issue of transit time of a nerve impulse from brain
to muscle in the cranial nerves prevents us from making any estimate
vhatsoever. Lenneberg apparently conducted no experiment on this
problem,nor provided any detalls on how the value of 30 msec. was

computed, but some attempt can be made to reconstruct the calcula-

tions here. f’

It is well established that the velocity (V) of a nerve
impulse varies directly with the diameter (D) of the nerve fiber*,

* That is, other things being equal, such as the presence of &
myelin sheath around the nerve. This is true of most of the
fibers in the cranial nerves which ara the only ones that are
considered in this discussion,
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for 1.e.,
v ~ D, or (1)
VvV = kD (2)

with V in meter/sec. and D in microns (1). In order to compute how
long it will take a nerve impulse t> travel from the midbrain to

a muscles in the larynx, one needs to know (1) the diamever of

the nerve fiber it will travel cver, (2) the length of the nerve
fiber, (L), in meters, and (3) the value of the constant k. Thus,
the total time of transit of the nerve impulse will be

T(ime) = L = L_ (3)
msec. v kD

At this point there are some uncertainties. The muscles com-
municate with the brain via nerve trunks, each consisting of several
thousand individual nerve fibers which have different diameterc
and different functions. Some nerve fibers, the alpha fibers, *
innervate the muscle fibers directly, some, the gamma fibers,
innervate the intrafusal muscle fibers which are associated with
the spindles and thus indirectly affect the extrafusal muscle fibers,
and some are purely afferent, i.e, sensory fibers. It is the
first group, the so-called alpha fibers, that are of interest
for they would give the lower limit of the transit time of a
nerve impulse from the brain to a muscle. But, given a nerve-
diameter frequency histogram, it is no simple matter when deal-
ing with human subjects to determine which fibers are alpha fibers.
5 The alpha fibers are very large so it would seem avpropriate
i to use the maximum fiber diameters ia the computstions. This
will be done here, and for the sake of argument and balance use
will also be made of the mean values for the fiber diameters. An-
other uncertainty is the value to use for the constant k. This
. has been calculated as being 6.0 (Hurst 1939*) from experimental
data obtained with cats' alpha motoneurones -- .and perhaps it is
the same for human cranial nerves.

For the sake of argument, one can take the values for L and
D as given by Krmpotic (1959) as being accurate although she
reports a reange of nerve fiber diameters in the recurrent laryn- .
geal nerve which is siynificantly more restricted and which yields
much smeller mean values than those reported in Faaborg=Andersen N

i &  Although compare Boyd's (1965) values of 5.6 and 5.9.
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(1957) and Scheuer (1964). It should be revealing to calculate
the greatest differences in transit time of nerve impulses be-
tween two nerves supplying different muscles in the orofacial
region and between two nerves supplying the laryngeal muscles

on the one hand and one set of muscles in the orofacial region on
the other. The relevant values L and D (range and mean) for three
nerve-muscle sets are given in Table IV (from Krmpotic 1959).

Table IV. Values for Length of Three Nerve Trunks
and the Diameters of Their Component Nerve Fibers

]
erve ! Muscle ‘ Length of Range of Diameters | Mean
Trunk Supplied l Nerve Trunk | of Nerve Fibers Diameter
Branch of Tensor veliig‘ 4.7 em. 6-18 9.23 u
. Trigeminal palatini | :
l
. Branch of Orbicularis : 26.38 8-15 10,34
Faelal oris i
l 1. |
I s
Recurrent j Interary- : 32.2 ! 1-9 5.4 ;
Laryngeal tenoid : : )
Nerve — -

From these figures and by using the value of 6.0 for k in equation
i 3, above, one can derive values for the transit times of nerve
impulses tov the three muscles as in Table V,

Table V. Transit Times of Nerve Impulses to Various Muscles

. Value for D Time to Larynx Time to Lips Time to Velum
e Maximum D used ! 6.0 msec. " 2.9 msec. +3 msec.
2

Mean D used i 9.9 msec. 4,2 msec. .8 msec.

¢ Flisberg and Lindholm (1970) via direct neasurements found

the nerve impulse velocity in the recurrent nerve at room
o . temperature to be about 56 meters/sec, yeilding a nerve impulse
EMC 134 transit time to the larynx of 5.7 msec, This agrees rexzarkably

well with my calculations, done indevendentlv,
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From these valiues one can get the maximum differences in transit
time batween tyo different nerves in the orofacial region and
two different perves supplying the larynx and a mus~le in the
velum, These represent the worst cases of lag.

Table VI. Maximum Differences in Nerve Transit Times
for Two Pairs of Nerves

Value for D AT = Time to Lips - AT = Time to Larynx
| Time to Velum Time to Velum
Maxioum D : 3.1 msec. 5.5 mgec.
Mean D 5.7 msec. 9.1 msec.

It is doubtful that a difference of 9.1 msec. -~ if indeed it
+g that large (the smaller values for nerve fiber diameters of the
recurrent laryngeal nerve as given by Krmpotic were used rather
than larger values given by other investigators) -~ will present
any great problem for the kind of coordination required and ob-
served to exist between articulators. Further, these represent,
{n a sense, worst values; all other groups of muscles and the
nerves supplying them will have smaller differences. It is not
known how Lenneberg arrived at the value of 30 msec.® However,
pending the detailed publication of what this figure means, one
can only conclude that this particular objection to the “chain"
or clcsed-loop model is as yet unsupported by any convincing
evidence. However, even if this argument must be rejected it
{s still desirable that we try to obtain a careful experimerrtal
determination of the lower limits of coordination between the
various articulators. This is just the type of basic data that

% Perhaps this value was arrived at by considering that movement
can only be initiated by first going through the gamma efferent
system (Hunt and Perl 1960, and Matthews 1964). This wmay.
be true but I am not aware that the mechanics of such a
system have been quantified sufficiently so as to permit cal-
culations of the time it takes to initiate movement ,
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i{g needed in order to begin to build a model of the neyrological
organization of speech. In this sense it is to be hoped that
the issue raised by Lenneberg will continue to receive attgation.

All three of the remaining objections have substance, it
appears, and argue convincingly against the simplest form of the
“chain' model i.e., one which assumes that the various links
between succeeding elements are fixed and unchangeable and which
are not capable of being “programmed ," It is not difficult,
though, to modify this model in a reasonable way to eliminate
the objections to it. To meet the objection that there is too
much permutability in speech to allow a "ehain" model, one might
begin by observing that in the process of saying something it
seems correct to speak of there being a period in which thne
speaker ‘decides" what it is he is going to say (cf., e.g.,
Laver's (1968) model of speech production). In this period he
has great freedom to choose and arrange the stored units of
speech, limited only by the phonological, syntactic, and serwan-
tic constraints of his language and culture. At this stage there
18 great permutability of the elements of speech. However, after

. he has selected what it is he chooses to say these units ave
"partly activated" (as Lashley suggests) and must have a definite
order imposed on them. After this point there ceases to be
permutability; the order is fixed. After he chooses to say “apt"
[2pt] there 1s a necessity for the tongue closure to be released
after the bilabial closure; any other order is wrong and would
be counted as an error. Instead of picturing the selected
speech units as being "partly activated”, it may be conceptually

useful to think of them as being put into some kind of "hopper"
(or memory buffer) where they are entered in a particular order,
the order in which they will be "fed" to the appropriate muscles.

In order to overcome the third objection, that of explaining
the anticipation or coarticulation in speech, one might consider
that once the stored units are put into our conceptual hopper
they can undergo a parameter-by-parameter reorganization such as
1s 1llustrated in Figure 46, That is, following the rule outlined
in the teachings of Daniel Jones : unless otherwise occubied
an articulator can begin to assume the position it must next
take, i.e., the commands which will eventually result in muscle
contractions can be modified to begin at that moment in the list
; of events where there is no command contradicting it. Henke (1967)
i incorporates in his model of speech production a "look-ahead"

. feature which ig similar to this. Of course anticipation of this
sort can be said to occur only if the stored units of speech are
smaller than the domain or time span over which coarticulation
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"g".gesture
4

"t"egesture S|
]
"‘ .
{ "yagesture N
i

after reorganization becomes

(B) ’
"g"ugesture —
"t .gesture
"y ".gesture __
]
]
Figure L6, L
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18 observed to occur. If we assume that the syllable is

the stored unit of speech then the behavior of the lips

and tongue in pronauncing the word "stew" is not anticipa-
tory at all., Rather than entering our hypothetical hopper
in form (A) in Figure 46, it enters in forn (B), Even if
this is the case, though, Moll and Daniloff, as noted above,
have shown that the domain uver which coarticulation is

observed to ocour may extend across syllable boundaries. There=

fore, some such mechanism as has been described is necessary. Now
that the appropriate units of speech are inside this "hopper" in
(he correct order and the onset of the various commands has been
patametrically rescheduled, the sequence of chaine will not link
two "units" as such, but will link the component parts of units.
But surely many other solutions to this problem are possible.

Finally, how can the possibility of variations in rate be
accounted for with a "ehain' model? 1t is not difficult to imagine
kow this might be done. There could be variable delay circuits
{n the brain or possibly variable thresholds on those elements which
respond to the afferent impulses and which emit an efferent impulse.

At this point most readers should be objecting that all of
this i{s the merest speculation and tells us nothing about how
speech 1is organized and controlled logically. This is true.
Thie is not the way to do research: instead good experiments
are neaded. The point here {s simply to demonstrate that the
armchair speculations which were offered as proof against one
possible model for the sequeacing of articulatory events in
speech can quite easily be countered by other armchair speculations.
Such speculative hypotheses ave fruitful only if they are mar=
ried to experimentation; alone, they do little to advance human
knowledge. .

FEEDBACK IN SPEECH

1s feedback used in speech? Obviously there is some; the
question is how much, what kind, and how is it used? Quice
clearly speakers do listen to their own voices when they speak,
and 1f they hear a mistake they usually stop and correct them-
gelves. Also, deficiencies or alterations {n the auditory feed-
back channel cause speech to deteriorate, e.g., delaying the
auditory feedbuck by a certain time interval induces stuttering
and other disruptions in gpeaking (Lee 1950, Fairbanks 1955,
Mackay 1968), and deafness, 1f congenital, prevents the deve-
lopment of speech and, if suffered after learning to speak, causes
a noticeable gradual degeneration of speech, although, interestingly,
it is seldom lost completely.

Of more interest, though, is extremely short-term feedback,
that is, information on the immediate progress of speech that
can be used by the controlling centers to quickly correct tiny
errors (within, say, 10-50 msec.) before they become 80 big and
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8o obvious that the speaker has to stop and start again, If
present, such rapid feedback would be the task of the various
Cutaneous and proprioceptive sensory organs in the skin and withe~
in the muscles. It is generally assumed that auditory feedback
is too slow for this type of "on-lipe" corrective gction, ale
though this may never have been conclusively demonstrated.

Many neurophysiologists and neuroanatomists have testified
to the plentiful presence in man of a vide variety of sensory
organs in the mucosa and other surface areas of the vocal tract,
as well as deep inside the muscles themselves, in particular,
the highly useful muscle spindles or stretch-receptors (Hoso-
kawa 1961, Lucas Keene 1961). 1t s known therefore wit% some
certainty that such feedback 1is available, and it is known from
the studies of Kugelberg and Rushworth, mentioned above, that
reflexes using such sensory organs in the vicinity of the oro~-
facial reglon have very short latencies.

Opinions differ among many speech researchers as to whether
or not such short-term feedback is used. In the discussion in a
recent conference (House 1967) attended by the most eminent names
in the field, 2rguments and opinions were presented for speech
being predominantly closed-loop (using short-term feedback), be-
ing predominantly open-loop, and even being capable of switching
back and forth between cpen and closed-loop operation.

But one need not engage in too wild speculation gbout whether
or not short-term feedback from the articulators is used, because
there are various bits of evidence that suggest that it i{s., First
of all there are various experiments that have demonstrated the
deterioration of speech caused by temporarily eliminating gome
of this tactile feedback (McCroskey 1958, Ringel and Steer 1963,
Ladefoged 1958 and 1967a). 'Anyone who has taken novocaine at the
dentist's usually experiences some slurring of speech due to the
temporary loss of sensation in their lips or tongue =- even though
the auditory feedback channel is sgtill functioning., 1If both
auditory and tactile feedback are eliminated speech becomes more
degenerated than if only one of the feedback channels were el-
ininated. Still, in listening to tape recordings of speech pro-
duced under such circumstances, one is struck by how intelligible
it 1s in gpite of the rather severe handicaps imposed on the
speakers, (But this may be more a reflection of the great re-
dundancy in speech rather than evidence that individual speech
gestures are unaffected by loss of these feedback channels,) 1In
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none of these experiments was it possible to eliminate all relevant
sensation from the entire vocal apparatus. Maintaining barely
intelligible speech in spite of such sensory deprivation may not
{ndicate how much a given form of feedback is normally nsed, how-
aver. As Ladefoged has suggested, it is possible that under normal
circumstances a person may rely primarily on one particular form of
feedhack but that when that channel is blocked he may be able to
shift to another source of feedback.

Fromkin (1965 and 1968) and MacNeilage (1968) in studying EMG
records from various articulators discovered that the muscle action
patterns of a given articulator for a given consonant or vowel fre-
quently varied depending on the phonetic context in which it appeared.
For example, the orbicularis oris, which helps both to protrude
or round the lips as well as to close the lips, shows less activity
for the rounded vowels /u/ and /o/ when they follow the bilabial
stop /b/ than when they follow the non-labial stop /d/ (Fromkin,
op. cit.). This could be the result either of the brain storing
and executing articulatory programs of about syllable size or of
using feedback to determine that the orbicularis oris was
already partly activated for the /b/ and thus need not be act-
{vated as much for the rounded vowels as it would have to be when
they followed the non-labial stop /d/ for which there was no prior
activity of the orbicularis oris.

Chistovich and her colleagues presented various interesting
pieces of evidence that point to the probable use in speech of
short-termfeedback in the form of kinesthetic and surface sensa-
tion. There was, first, an experiment which w3 aimed at eluci-
dating the mechanism of initiation and sequencing of the gestures
within an interval smaller than a syllable, and involved the
measurement of the intervals between two successive but non-
contradictory consonantal closures, e.g., -VptV-, -VmnV-, ~VkpV=-,
etc. They found that the minimum interval could be very snall ==
down to 10-20 msec. but that the two closures never occurred out
of sequence, i.e., the "second" closure never took place before
the “"first" closure, and they never occurred simultaneously.
Moreover, histograms of the frequency with which various inter-
vals occurred were positively skewed indicating an apparent "time
barrier" which prevented the intervals from becoming too short.
As they concluded, the precision represented by these small in-
tervals and the maintaining of the proper order argued against
the impulses for the two closures being independent of one an-
other and suggested instead that afferent impulsation concerning
the progress of the first gesture was necessary for the reflex
triggering or release of the second gesture. (This can also be
taken as evidence on the lower limits of how precisely we can
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coordinate two articulators., It does not, of course, necessarily
mean that in ordinary speech i.e., in a non-expcrimental situation,
we actually do or need to maintain such precision between arti-

culators.) .

In another experiment of theirs the movement of the lowes
’ 11p was recorded during the execution of sequences of labial someanant
- vouel -- Llabial comsomant. 1t was noticed that the peak
! opening of the lower lip varied considerably from one opening to
the next, but that the duration of the vowel varied much less.,
1 Thus it was found that the velocity of the lower lip on returning
to the closed position for the consonant varied directly with |
the extent of lower lip excursion, i.e., the further it had to
go the faster it travelled to get there. Their graph, plotting
the closing velocity of the lower lip against the amount of opening
of the lover lip is shown in Figure 47. They coneluded:

L T L L

It is apparent that this phenomenon may be produced by
the [regulator] mechanisms ..., acting on the lowest levels
of control movements. Lowering of the lip (lower jaw) must
lead to a reflexive increase in excitability of the centers
of antagonistic muscles, while excitability must increase
?11 thelmore with a greater drop of the 1ip (lower jaw).

p. 180

My colleagues and I attempted to replicate this finding ex-
cept by looking at lower jaw movement alone inatead of lip move-
ment. Lover lip movement, as Chistovich and her assoclates noted,
consists of the sum of jaw movement plus any movement contributed
by the lip itself, They indicate, of course, that the effect
1 they found may be due to jaw movement. In our study we used a
newly-developed device reported on in detail elsewhere (Ohala,
Hiki, Yubler and Harshman 1968, and Ohala, Hiki, Hubler and Harsh-
man 1969). The device transduces into an analog voltage the
deflection in any given dimension of a tiny light by means of one
or more photo-voltaic cells arranged as in Figure 48, The tiny
1ight was attached to a Bpecial dental plate for the subject's
(JO) lower jaw, this plate having a short stiff wire projecting
from it and emerging between the lips.

The analog voltage from the jaw movement transducer was
fed to a small computer (LINC-8) which had been programmed to
compute the velocity of the movement, find the maximum opening
of the jaw and display these and various other related parameters
as correlation plots.
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The results can be seen in Figures 492 and b which show the
plot of maximum jaw velocity (both opening and closing, and thus
by convention having negative and positive velocity, respectively)
against maximum jaw opening for two words "sas" and "sak" (spoken
in isolation). The figures show that both the opening and closing
velocity of the jaw is directly proportional to the extent of
opening of the jaw. This means the reflex adjustment of the
centers responaible for closing the jaw could have been accom-
plished as early as the moment the jaw began to open or as late
as the moment the jaw reached its maximum opening. Further in-
vestigation would have to be undertaken to resolve this. The
figures show as well that the return velocity is much less for
the /k/ than for the /s/. This is undoubtedly related to the
fact that the jaw does not need to close as much for velar stops
as it does for alveolar-palatal fricatives (cf. records of jaw
closure in Ohala, et al, 1968, and Daniloff, Amerman, and Moll
1968). Thus the retumn velocity of the jaw is not simply an auto-
matic consequence of how far open the jaw is but depends as well
on the nature of the following consonantal closure, If this is

1kl

a reflex action it is capable of being influenced by higher centers

of the brain.

This confirms the finding of Chistovich and her colleagues
and gives fairly good evidence of the presence and use of short-
term feedback to make quick adjustments of articulator movement
in speech. But what 1s the purpose of the feedback/ It is pos-
sible that it is used to maintain a fairly constant interval of
jaw opening. That is, the trajectories of the articulators
may be allowed to vary, but the moments of collision may not be.
However it is also possible to view it as Chistovich et al. do,
namely that the variabie velocity of the jaw movement is due
to & sort of neuromuscular "apring" effect, such that the greater
the displacement of the jaw is, the greater will be the restoring
force, and consequently the higher will be the velocity of jaw
movement. Since the restoring force is apparently different
depending on the nature of the following consonant, one would
have to allow that it could be altered by such higher-level
non-automatic features. Some marginal evidence for this view,
or at least against the view that the effect of jaw velocity
varying directly with jaw opening is due to an attempt by the
brain to maintain a constant interval between consonants, is the
fact that the total interval does increase as the extent of jaw
opening increases, as is shown in Figure 50. Further research,
involving a greater variety of phonetic contexts and more speakers
should determine with more certainty how and why this feedback is

used, and whether or not it is used similarly in other articulators.
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Figure 49a, Fifty tokene of
[sas]. Abscissa: peek jJaw
opening (eech division = 2,8
mm,); ordinate:peak jaw velocity
(each division = 23.6 mm./BQCo)-
Ey convention negative velocity
pertains to Jav orsning and
positive velocity to jaw closing
Here, upon closing for the final
{s], the peak closing velocity,
in om,/sec, equals about 0,5
times the peak jaw opening in
oM,

Figure 49b, Fifty tokens of
(sak], Abscissa and ordinata as
in Figure 49a, Here when the
final consonant is [k], the peak
closing velocity in mm,/sec,
equals about 0.3 times the peak
jaw opening in mm,

Figure 50, Fifty tokens of
[sak]. Abscissa, as in Figure
49aj Ordinate: total open ine
terval (each division equals
38 msec.).
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EXPERIMENTS ON THE TIMING OF SPEECH f

Certainly one of the high points of current phonetic research
{8 the interesting experiments conducted by the Leningrad group
(éhdatavich et al, 1965) concerning the timing of events in speech,
One of the questions they addressed themselves to was what deter- ;
mined the onset of successive syllables in speech,

In the key experiment they exploited the existence of small
variations in the various delays in transmission of neural im- \
pulses from place to place. They reasoned that if the initia-
tion of the sequential articulatory units were linked in the man=
ner suggested by the chain or closed-loop model then the varia-
tions or fluctuations in the {ntervals in many tokens of a given
sentence ought to accumulate and therefore the variatioen in the
time taken to say the whole utterance ought to be equal to or
greater than the sum of the variations of the separate component
intervals. 1f, on the other hand the initiation of the successive
articulatory units was dependent on a higher pacing mechanism, and
was independent of the progress of the preceding units, then the variances
variation of the whole interval ought to be less than that of the of the .
sum of thejcomponent intervals. An attempt was made to gather
gentences which minimized possible changes in the rate of speaking.

A few hundred tokens of the same sentence spoken by two speakers
provided the data and the results showed that the variation of

the whoie interval was less than the sum of the variations for
the smaller component intervals, thus favoring the "comb'' or open=
loop model for the sequential generation of syllables.

Bl

J T Y a2 A L Ll

There should be no misconceptions about what the results
of this experiment show. Favoring tke "comb" model does not
necessarily point to the absence of feedback from the periphery
and likewise, favoring the other model need not imply the ex-
istence of such feedback. In fact, this experiment by itself
cannot tell whether or not feedback is used in controlling the
timing of units in speech. It would appear that the results
could at best help us decide between the following two systems:

A. A "Timing-Dominant" system, i.e., a system which main-
tains a tight time schedule perhaps at the expense of
precise and thorough accomplishment of the gestures.

B. An "Articulation-Dominant" system (for lack of a better
term), i.e., a system which maintains precise and thorough
performance of the gestures no matter how much time it

. takes. :
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Bath of these systems could or could not employ feedback. To
111ustrate this point, consider, for example, the four possible
ways a puppeteer could control his puppet. Following Bernstein,
the situation can be made more like the one that prevails between
the brain and the muscles, and the puppet strings can be made of
elastic or rubber. If the puppeteer had to make his puppet march
or dance in time to an externally-supplied beat, we would have a
tining-dominant system. The puppeteer could attempt to accomplish
his task by using visual feedback or by not using it, If he

were vary, very practised it is conceivable that he might be able
to do it without looking at the result of his rhythmic tugging at
the strings. On the other hand, since the strings are elastic and
the results of a given tug will depend on the degree of stretch
of t-e strings at the moment when it occurs, it is easy to see
ttat visual feedback could be very useful in maintaining the
rhythnic step of the puppet. It'is also easy to see in this

case that in order to maintain a rhythmic stcp by the puppet

in spite of variations in the response of the puppet's limbs

due to the elastic strings, a non-rhythmic control of the strings
by the puppeteer would be needed. (For further more extensive
arguments on this point, see Bernstein 1935 and 1967). At any
rate, the observer out in the audience, after timing the move-
ments of the puppet in accord with this experimental procedure
would find that he had a timing-dominant system, but he would
not, by that experiment alone, be able to tell if the puppeteer
were using visual feedback or not. Or, if the puppeteer merely
had to make his puppet walk casually across the stage with no
absolute time limit, then it would be an articulation-dominant
system but again visual feedback could be used or not used. This
time the feedback, if used, would aid the puppeteer in making
sure the puppet's feet paced the floor one after another, that
they touched the ground, and that the puppet stopped before run=
ning into the wall, etc. Thus the results of the experiment
performed by the Leningrad group, as described above, pointed to
the mechanism governing the timing of speech being a timing-
dominant system, i.e., one in which a strict time schedule of
events is maintained, possibly at the expense of precise arti-
culation. With these qualifications in mind it is possible to
return to the use of the terms 'comb" and "chain" models.

However, besides the above, there are some other objec-
tions that can be raised against the Leningrad group's inter-.
pretation of their experimental results, First, one might ask
vhether in an experimental situation in which the subjects are
asked to repeat a sentence over and over again hundreds of times,
they may not very soon adopt a rhythm in pronouncing the sentence
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vhereas ordinarily they would not. Thus the experiment might end up
testing whether speech could have & fixed underlying time schedule, not
vhether it usually does. Walking over uneven ground is not usuglly
perfectly rhythmic but can be made 80 in the case of marching. Avoiding
this possible experimental artifact would be troublesome but could be done
most likely by incorporating other verbal material in the text to be
spoken or perhaps by recording the individual tokens of the test sentence
hours or days apart. Another hazard of the experiment is that the
particular measure used to decide between one model and the other, that
of comparing the variance of the largest interval with the sun of the
variences of the component intervals, requires that one be sure of the
size and number of articulatory units one has in the given sentence.

If one miscalculated the number of units which are actuelly in the sen=
tence it would make no difference if it vere a "ehain® system, but it
could maeke a difference if it were a "eomb" system, especially if one
counted too few intervals. In this case one could erroneously accept
the "chain" model after finding that the sum of the variances of the
(too few) component intervals equalled o: were less than the veriance

of the largest interval, However, since these suthors found a "corb”
system, this criticism doesn't apply to their results. But a possible
miscount of the number of units becomes important again if, instead of

s system that is wholly "ehain" or "comb", one has a hybrid system, in
particular one in wvhich the units themselves are executed in accordence
with the "chain" model, but the sequentieal gestures vwithin a unit are
executed according to a strict time schedule, i.e., according to the
"eomb" model. For example, this would be the case if the words, S&Y,

{n a sentence were executed one after the other, the onset of each

word being dependent on the accomplishment of the preceding word, but

if the gestures within the word were executed according to a strict time
plan., In this case & riscalculation of the size and number of units
vhen following the procedure outlined by Chistovich et al. could lead

to the erroneous rejection of the "ehain" model if one counted too kery
{intervals, and, as above, could lead to the erroneous rejection of the
"eomb" model if too few intervals were counted, This objection ddes
apply to their results.

Chistovich and her colleagues took the units to be syllebles based
on the results of a previous experiment, in which it wes shown that the
duration of the words and syllables relative to the duration of the
whole utterance remained constant during changes of rate, but the
relative durations of the consonants and vovels, the components of the
syllable, varied during cheanges of rate. Thus the smallest interval
meintaining its relative temporal "integrity" in the face of changes in
rate was the syllable == at least in Russian. But these results could

- ag well be taken as indicating that the articulatory unit could te no

 WAL?

smaller than the syllable but it could be larger. Thus there is some
uncertainty surrounding the gelection of the intervals measured. Is
there any way of doing this experiment without knowing what the articule=-
tory units are? Possibly there is,

The mathematical Justification offered by Chistovich et al, for
adopting the particular experimental test of comparing the variance of
the largest interval with the sum of the veriances of the component

. From this point to the asterisk on p. 152, the dlsocuasion

contains serious errors) a revision 18 in progress.
-=JJO, December 1970 progress
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intervals gseens to be sound, but a simpler procedure gesms to giye vaughly

equivalent results, namely seeing if the variance is constant for different- .
sized intervals, thus favoring the "comb"” model, or if it is directly

proportional to the mean interval, thus favoring the "chain" model, i,.e.,

Vak
or
V = kI

respectively, vhere V is the variance of an interval
would look as follows:

constant. Graphically, this

Equation 1:
"Combd" Model

variance
.
.
.
.
.
.

nean interval

variance

(1)
(2)

FEquation 2:
“Chain" Model

I,endk is a

" mean interval

One would proceed as did Chistovich and her colleagues end obtain the

saze kind of data, but instead of comparing the sum of the variances of

the cozponent intervals with the variance of the largest interval, one

vould simply see.which equation or graph best described the data; there .
vould be no need to know precisely how many units one had in the test

sentence, Frok a sentence in which there are n basic intervals one can

n .-
extract ) (1) intervals in all, e.g., four basic intervals would yield

1=1

ten intervals iﬁd'consequently ten data points:
. u,

. 1 2 3 4
S T

2. 2
3, 3
4, 4
5. | 1+ 2
6. 2 + 3
7.’ 3 + 4
8. | 1+ 2 + 3 B
9. 2 3+ 4
10, | 1+ 2 ¢ 3 4 4

Y S
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0f ecoursme, &ne RuSY Meadure only thoge intervals which one has good
reason to believe are the result of neuromuseular signals. Therefore
one would not want to measure the intervals between suguessive taps of
the tongue in trills or those between successive vocal cord vibrations
because both of these are determined partially by aerodynamic effects
not directly under muscular control,

This procedure will work only if the average rate of speaking is
the same for all the sentence tokens, This is unlikely, as allowed
by Chistovich et al, If there are changes in the rate, it will tend
to increase tha variance on lerger intervals no matter which system
is present. That is, the data would be better described by equation 2
in either case. Thus, if the rate of speaking is varied one will not
be sble to choose between one system or the other on the basis of the
results from this procedure.

But there may be a way out of this problem. One may be able *u
get a collection of sentences which are likely to have been spoken at
the same rate if, out of all the sentences recorded, one chooses just
those few that have the same or very nearly the sa. tal duration,
By thus arbitrarily limiting the totel duration of the largest interval
one will also lose & few data points since any two intervals which toe
gether add up to the total interval will now necessarily have the same
variance, since they share a common interval boundary, but are fixed
at their other boundaries. That is, the interval that is n% of the
total intervel will share the same variance with the interval that is
(100-n)% of the total interval, Thus one will be limited in effect
to looking at the data points for intervals < ¥ of the total interval.

These procedures may be applied to some of the published data of
the Leningrad group. The data points in their Figure 3.13 show that
the variance increases with the mean interval duration (cf, Figure 51).
The trend of the points cannot be exactly described by equation 2, but
would be bhetter approximated by an equation of the form

V = xI® (3)

with ¢ > 1,* However, for an approximation to these points one can use
equation 2 with k = 1,04, They report that out of the original 800 or
80 sentences they chose for final processing some 400, This was done
by graphing the changes in the totael duration for all the sentences and
then choosing from that graph sentences in a "relatively stationary
sector.”" It is not clear whether or not this procedure means that the
final 52t of sentences were restricted to roughly those having the sare
total duration and thus that it corresponds to the procedure outlined
ebove. The shape of the graph in Figure 51 would lead one to suspect

#  Equation (3) is & more general form of equations (1) and (2),
above, in which ¢ = 0 for the "comb" model, and ¢ > 1 for the
"chain" model,
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that the seantences did not have a limited rznge for the total duration. ,
So, if there were changes of rate the results are inconclusive for the r
reasons presented above, If rate was the same for all the sentence
tokens one would have to accept that speech timing was best described
vy the "chain" model.

- PR Ry

I have attempted to perform the experiments and procedures as .
described sbove with the exception that no attempt vas made to counter b
the possibility of an unnatural spesking rhythm interfering with the
patural timing of the speech. Altbough they have barely pr rressed . J
through to the pilot experiment stage, they are vorth reporting here.

Such experiments should properly be run using a sizable experi=
mental population -- at least of the order of 20 gubjects -- and, since
they necessitate much measurement and statistical computations, are
most efficient if automated. At this stage though, only one subject, 9
(J0), was used, and the measurement was done by hand. Changes in oral
pressure transduced and vritten on paper by an ink-writing oscillograph,
a Siemens Oscillomink, were used as reference points for the measure=- ]
ments. The test sentence was constructed to be capeble of easy seg-
mentation. It was:

"

"your Paula may put Happy upon your pair of pigs."
$ 1 + 2+3+h 454 i
[yorpslameyputhapiypanyalperopigz])

that is, consistently using the reduced forms of "upon" (pan) and "of"
(s). This yielded five basic intervals as delimited in the phonetic A
transcription., leesurements were made from the point the pressure

curve fell upon release of the p's and crossed an arbitrary reference
line above the "zero pressure" line, as is schematized belov. t

S L

measured interval

Measurements were made {n millimeters, vhere 1 mm, = 9.72
msec., and the measurement error is estimated to be *# 0,5 mm, Sixty-four
tokens of the test sentence were obtained. The resulting intervals and
their variances are given in Table VII, Plotting these variances against
the corresponding mean intervel duration gives the 15 data points in
Figure 52. The trend of points here is more nearly & straight line tkan
are those of Chistovich et al., and equation (2) with a k about 0,83 will
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Teable VII., Intervals d#nd Variances for the Whole
Set of Test Sentences, N = 64

Intervai number 1 2 3 b 5
Mean duration (I) 4728 | 330 196 350 298
msec
Variance (V) 325 . 247 194 ' 149 329
807
600
526
389
548
ho7:
648
531
1000
793
876
703
842
778
1350
1120
1180
1105
1650
1585
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. deseribe the line best fitting these polnts. 1f one could be sure
’there were no changes in rate {n the pronunciation of all 6l of these
sentences, then one would have evidence that speech was like the "chaln
podel, according to the arguments presented above. However, one cannot

ve sure of this, EBO this groph actually tells very little.

Taking the next step; though, out of these 6l sentences 20 were
jsolated which had the same total duration # .15 mm, Tho resulting -
velues are given in Table VIII. Figure 53 shows the plot of these
variances against their mean interval durations (some points being
redundant, as mentioned above), From this, although the scatter °£ the |
woints makxes conclusions somewhat shaky, it would appesr that the "chain
' rodel must be accepted, that is, that in speech the precise and thorough
accomplishment of a speech gesture is desired no matter how much time it
takes, However, one situation that would again render this result in-
conclusive would be if the rate .of speaking were not always the same
within a given sentence, that is if the {nstantaneous rate could fluctuate
witnin a sentence. - If this were the case it would cause the "bulpe" in
. the middle of the graph in Figure 53, no matter which system pertained
in speecih. ‘That the instantancous rate could vary in speech is likely
tecause of the fact that ultimately all time-keeping devices in the
~universe, {ncluding the revolution of the earth around the sun and the
most sccurate atomic clock, are all what has been described here as
Mgrticulation-dominant", that is, & "ehain" system, No independent
"P1atonic" time standard cen exist. There are then only clocks of varying
ccuracy. & time progran for speech, if it exists, could keep time by a
. very insccurate neuronal clock. In timing speech with a more accurate
 external Lardware clock we would certainly find the system to be like
the "chuin' model in spite of the possible existence of an independent
tire progrem for the sequencing of the speech gestures. ‘At this point

pore research is needed; until then it may not ‘be possible to conclusivelyA

devercine how the onsets of the sequential gestures of speech are
controlled. ' . ’

thistovich et al, note that the relative error ((Standard Devia=
tion/llean interval) x 100) is larger on small intervals than on large
intervels, and attach importance to this fact: '

It is significant that with such & large relative
error of the durastion of the {ndividual sounds of speech
[10-20%) the relative error of the duration of the entire
syntagma [ phrase] amounts to only about 3%. (p.,201]

-
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Table VIII. Intervals and Variances for
Subset of Test Sentences, N = 20
) Interval number b 2 3 4 5
Mean duration 481 327 194 347 300
227 156 87 58 180
Variance
811
345
522
123,
540
164
. 647
. 276
1005 .
296
870
164
8ho
318
1350
264
1175
227
1650
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- Likewise, Allen (1968) comments on their data and similar findings of 1
his own and notes that . ‘

In order for this reduction in variance to occur,
there must be timing information that extends over the
vhole phrase. [p. 75]

Thege velues for the relative error are undoubtedly true; in the data
reported here there were gimilar values: more than 7% relative error ]
for the smallest interval measured, against 2,4% relative error for '
the whole interval. However it is not clear how these values imply

the existence of timing information independent of the sequence of
speech gestures being cxaerted == that is, that these values point to

a timing-dominant system in speech. These values are directly derivable
_ from the equations of the curves in Figure 52 and Figure 3.13 from

f Chistovich et al., plus the definition of relntive error. Relative
error, E, as a percentage, is defined as the standard deviation s.d.,

{ divided by the mean interval, I, times 100, - The standard deviation is,
of course, the square root of the variance, V. Using this plus

equation (2) above, one obtains

s = o 2 at Santhduintiiin gl andhad

E = 5.4, 100 = (v)}/2100 = (x1)}/?100
T T T

Taking k = 1,04 for their data, the relative error can be calculated
for various-sized intervals as in Table IX.

Table IX. Calculated Relative Error for Three Intervals

Intervel Relative Error

-
. ermme mme e SAVAE APt s e ks "

50 msec. ikL,b4 %

109 msec, 10,2 %

) 1250 msec. 2.9 %
i

g

These calculated values are in agreement with the measured ones, which ﬁ
{s not surprising since they are really just slightly different mathe=
matical characterizations of the same basic data. They add no more
{information to the study and are subject to the same eriticisms as are
the graphs in Figures 51 and 52. It probably is not advisable to express 3
the fluctuations in these intervals as reletive error because it gives ;
: the false impression that. there {s more fluctuation on small intervals 4
. than on big intervals therefore {indicating that some of the fluctuations ‘ :
are canzelled out or compensated for over longer time intervals. But
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this is false and is only a mathematical artefact, Tus absolute value
of a large fraction of & small amount may still be much less than the
| absolute value of a small fraction of a large amount,

\RHYTHN IN SPEECH

! One may usefully begin a discussion of rhythm in speech by noting
lwith Allen (1968) that vhether speech articulation actually is rhythmic
or not, lots of people have the impression that it is, However, the
question of the apparent perceptual reality of rhythmicity in speech
yill not be covered here. Attention will be given here to the rather
Festricted issue -~ and more interesting issue, if it turns out to be
$rue -- of whether or not the successive (measured) intervals between
estures in speech have the same duration or multiples or sub-multiples
% the came duration. This would represent a special case of the "eomb"
Mode), namely one in vhich there wan not only a separate time program
or the events of speech but one in which the primary events occur at
eqnu& intervals, We have presented ebove some evidence that a tive
prograz -- whether isochronic or not -- does not appear to exist in
speech., However this finding was Judged inconclusive and so it may de

useful to coansider here, using a different approach, the more restricted
1 isochronic "comb" model.

e

-

PRI aammatia

Chistovich and her colleagues (1965) discuss the possibility of an

y isochronic rhythn generator, but in fact produce evidence that if there
i{s a tire progrem inderendent from the phonetic materiel said in time

to it, it is not strictly isochronic. Two Russian vords which were
phonetically identical except that one had an extre consonant, i.e.,

CVCV versus CVCCV, were each spoken in the beginning of the same sentence
fraze several times. Although the words differed in duration by about

50 =sec.,if speech were rhythmic, that is, a system with isochronic
{intervals between the beginnings of the major units, one would expect
that this time difference would be obliterated by the end of the sentence.
¢ 1t turned out that the sentences differed in duration depending on vhich
wvord it contained. If it had the longer word in it, the sentence itself
was longer and by about the same amount as the word. This indicates
eitrer that the pacing mechanism is not perfectly rhythmic but in fact
texes into consideration the phonetic structure of the individual sylla=
bles before working out the schedule for the entire utterance or that
there is 7o pacing mechanism for a whole utterance.

~on

Similarly, Shen and Peterson (1962) and Allen (1968) vere not able
to find exact isochronism in English when measuring interastreas intervals
or even when computing the correlation of durational changes between suc-
cessive interstress intervals.

lenneberg (1967) hypothesized that there exists in speech a basic
rhythn of 6 4 1 cps®, vhich governs the rate of syllable production.

. The range is given variously as 6 +1 cps.y Le€0y 8 period ranging
from 143 to 200 msec., or from 140 to 180 msec. (p. 119).

e O - s
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He admits that the peurplogical basis for this rhythm cannot be guessed
at given our imperfect knowledge of the brain, but indicates that it
represents a "rhythmic alternation between states ... of initiation

and execu.ion of motor patterns (or cycles of activation and inhibition)"
(p. 109). To support this hypothesis he gathers together quite an
impressive variety of evidence, all of which are said to show that an
interval of about 1/6 sec, frequently plays an important role in various
speech phenomena., However, one gets the impression that not all of the
evidence is equally solid. ''The evidence on the well-known disruptive
effect of delayed auditory feedback assumes the amount of delay pro-
ducing the greatest interference with speech is 180 msec., but it is
clear from the literature that the critical delay varies from subject

to subject and generally ranges from 150 to 300 msec. (Chistovich, et al.
1965, Fairbanks 1955, Spuehler 1962, MacKay 19€8), a range that does

not fit nicely into the limits of 1L0=-200 msec.

Further, the evidence from the rate of syllable production is
neither convincing nor accurate. - Lenneberg attempts to show that the
average rate of syllable production is about & syllables/sec, To begin
with, by apparently accepting the findings of Stetscn as to the nature
of the syllable, namely the old "breath pulse” theory (Stetson 1928),
Lenneberg seems to ignore the fact that Stetson's findings could not
be replicated by Ladefoged et al. (1958) nor more recently by Lieber-
man et al, (1967). Given that no one knows what the syllable is, one
may question the relevance of measures of syllable rate in speech.
However, for what it is worth the data that does exist on this doesn't
help Lenneberg's hypothesis, He does not accurately rerort the
findings of Hudgins and Stetson (1937) as to what the relative speed
of articulatory rnovements are. First of all, they were concerned
with the marimui rates at which syllables could be produced with
various articulators, whereas one would have thought Lenreberg would
be more interested in gverage rates. The range of values he reports
they found, 5.5 = 7.5 syllables/sec,,is wrong; it should te 5.2 = 9.6
syllables/sec. Table X gives Hudgins and Stetson's published values
plus those from a comparable study by Kaiser (1939).

Table X.
Hudgins and Stetson (1937) Kaiser (1939)
Men Women

Population 9 116 100
Articulator Mean Range Mean Range Mean Range
Tip of tongue 8.2 T.2=9.6 7.4 5.6=9,1 7.2 5.3=9.1
Jaw 7.3 5.9-8.4 Sk 4,8-8,3 L8 | L.5-9.1
Back of tongue| 7.1 | 5.4-8,9 6.6 | . # 6.4 *
Lips 6.7 | 5.T=T.7 — m——
Velum 6.7 | 5.2-7.8 o ——

*Time base of graph is mislabeled; range cannot be determined.
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It is very likely (as suggested by Chistovich et al., p. 135), that
the variations are dependent on the articulator used and on that articu~
lapor's inertia and not on any central limitation of rhythm, Thus the

festest rate, 9,6 syllables/sec., was associated with the tip of the

a?
fr

[>

Dutghr in a variet

b

itional such evidence from the literature ci
2 the zeesurements of Chiba (1935).

fidiing that some subjects are capable o
than 10 syllebles/sec, in
heeded Ed had edited {t,"
on fhe everage rate of syll

ted by Kaiser (1939) and
To this may be added my own
T speaking at a rate of more
the last part of sentences such as "Dead

In addition, Kaiser (1939) performed studies
able r:uzuction for 216 Duteh st
Y of speaking tasks:

» reading, and spentaneous speech (
‘20t on four pictures),

toigue, and the slowest rate, 5.2, with the velum, Table XI provides

udents speaking
Pronouncing lists of vords, counte
obtained by having the subjects
The average duration of the Byllables was

“, Table XI
Source Population Language Value Meaning
Bourdon (1892) 4 French 8.1 syll/sec | Average rate;
reading journal
1 French 4,354 Range of average
values; reading
verse
1 French T.4 Very fast rate;
reading
Oehrm ? German 7.2 Average
? English T.b4 Average
Richet ? ? 10=-12 Maximum rate;
reading poetry
Blancquaert ? Dutch 1,5=15 Range
(1931)
Chiba (1935) 2 English 4,6 Average sylla-
1 German bk ble rate;
3 French bob reading
1l Russian 5.2
1 Korean 5.6
1 (?) Japanese |7.7
1 Chinese h,2
1 Hindustani|5,3
1 lMongolian {4,2

161

- . A




. da bt F VT P R o N L T r vy B o A P 7 R CHRE v A L O T R N 2 L LU IO Ipup e P PUULI NI KO FLREY 2 BT WA PRy AIPUPTIPRPRL) 'ie SUPNTIEOL I VRN 7Y UTS

159

' (a) 23 monosylladles, . (b) 26 monosyl
\ 1 disyllable 31 disy;iatgzle"
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Figure 54, Average syllsble duration frequency histograms from
different speaking conditions, Solid line: 116 men;
dashed line: 100 women. Abscissa: average durations
of syllables, in centiseconds., Ordinate: frequency
of occurrence (uncalivrated)., Histogram for men's
values in Figure 54h currected from original, (After

Kaiser 193y;
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Figure 54 (continued).
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detsymined by counting the number of syllables in a given passage and .
then dividing hy the duration of the passage (which weas determined by
@ stcpveich), but since many pauses were not subtracted from the pas-
seges before the calculation of average syllable duration was made the ' "
values for other than continuous speech are somevhat suspect, es was
pcted by raiser herself. Still the data i{s of interest, Figure 5h
ives some of the average syllable duration frequency histograms
ottained under the various spesking conditions for 116 male students
and 100 female students, (That is, the average syllable duration for
each of 216 students vas determined and graphed as histograms with
116 counts for the males and 100 counts for the females.) Table XII
gives the means and standard deviations for each of these histograms.

Table XII. Mean and Standard Deviation of Averaée Rate of Syllable
Production for Different Speaking Conditions, (From Kaiser 19393 to
accozpany Figure 5b) (Vvalues in centiseconds)

Men Women
Speeking Condition Mean $.D. Mean S.D.
(a) 78.2 22.5 T1l.h4 17.1
(b) Th.4 17.8 70.7 1h,1
(C) "'70’4 - 3805 oo
(a) 43.0 13.6 L0.7 12.9
(e) 23.3 5.0 28.7 3.2
(2) 27.0 4.3 26.6 3.6
(g) 2205 3.0 2207 205
(h) 27.6 5.5 26.4 6.2
(1) 25.8 4.2 25.8 5.8
(3) 27.6 5.2 27.6 6.6
(k) 28,3 6.0 26.5 5.6

Since the average values decrease vhen more di-syllabic words are in=
cluded, it suzgests that the average duration of such units depends

on how much llere is to say {n the irmediate future of what is currently
being spoken, which has been found to be the case by Gaitenby (1965)

and Lindblom (1968b).

Looking at all this, there {s no obvious evidence which would point
to "the magical one~sixth of a second as & basic time unit in speech
production." It is important for Lenneberg's hypothesis that the rate
of syllables =~ or some units of articulation == be found to have an
average rate of around 1/6 sec. On this hangs the usefulness of the
evidence from both (a) the critical delay causing maximum disruption
of speech in delayed auditory feedback and (b) that rate of switching
tte speech signal from ear to ear or the rate of {nterrupting speech,

! vhich maximally reduces the intelligibility of the signal (Cherry and
i Taylor 1954, Huggins 1964).
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However, it is perhaps wrong to quibble about the cited evidence
since Lenneberg proposes the kind of experimental evidence that is
needed to support or reject his hypothesis (a commendable practice too
seldom followed by others in the field):

The statistic necessary to prove or reject our hypothe
esis is quite simple. At present the only obstacle isg the
necessity of making observations and measurements of hundreds
of thousands of events. Suppose We programmed an electronic
computer to search the electrical analogue of a speech gig=
nal for that point in time at which any voiceless stop is
released, and then measured the time lapse between all such
successive points, From these data we can make histograms
(bar-charts) showing the frequency distribution of all
measurements., Since our hypothesis assumes that the varia-
ble syllable-duration-time is not continuous and that there
are time quanta, the frequency distribution should be multi-
modal; and since the basic time unit is predicted to be
160 + 20 msec., the distance between the peaks should be
equal to or multiples of this unit. [p. 119]

The reason for looking for multi-modal distribution of the intervsal
durations is to allow for the possibility of missing scme intervals

and catching instead intervals which are really twice, three times

or some other integral multiple of the basic period of 1/6 sec. It is
for this reason that the histograms given by Kaiser in Figure 5k

cannot be used for this purpose. They represent averages of syllable
rate not individual syllable durations, The peaks that do occur,

some of them, interestingly, at integral rcultiples of 1/6 sec., indi=
cate only that certain subjects had an average rate of L/6 sec,, others
at 5/6 sec,, etc,

An experiment similar to the one Lenneberg asks for was attempted.®
Although it still calls for some further refinement and has yet to be
run with a sufficiently large population (the single subject was, egain,
JO), the results do represent & tallying of about 10,000 separate in-
tervals. It shall be reported here in the hope that other researchers
will find it sufficiently interesting to want to try to replicate it.

Scanning the acoustic waveform of speech in search of the moment
of release of voicdeless stops is not So easy, so the measurements (by
a computer) were made instead on the intervals between successive maxima
in jaw movements (transduced by the device described on page 138),
From the point of view of the computer program this meant detecting
zero-crossings, in a given direction, of the first derivative of the
signal representing deflections of the Jaw., The units of time counted

» This experiment vas.presented orally in Ohala et al. 1969,
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vere (1.7)/(512) sec. or 3.3 msec., however the accuracy was somewhat
{ less than this because in order not to count intervals due to nolse
the signal was required to cross the zero line and a threshold line
before the interval would be counted. Thus the estimated accuracy of
| the tire meusurement is *+ 10 msec. Intervals exceeding 1.7 seconds
were not counted. However, using this program there was no way to
iznore pauses, so if they were less than 1.7 sec. they were included.
lIt is doubtful that this seriously affected the results. The subject
read aloud technical raterial at a rate comfortable to him for about a
total of ) 1/2 hours with short resting periods every 10 minutes or
:s0. The resulting interval histogram representing a little over 10,000
é‘.ntervals is shown in Figure 55,
i Cne might first note that the shape of the histogram is quite smooth,
salmost like a Polsson distribution,
'rcunts in tne range from 0 to Just under 100 msec. undoubtedly represent
nnoisc: some unwanted mechanical vibration of the light attached to the
tubject's lover teeth, If there are multiple peeks here they do not
s.end out very well., One might vossibly be able to maeke a case for
there being two pesks, one around 220 msec. and one around 310 msec.
(which, es it turns out, is in agreement with Kaiser's data on continuous
speech)., However they are not separated by 160 msec., nor is either one
within the predicted range of 140-200 nmsec. Only the second "peak" is
close to an integral multiple of 160 msec. ilor does this histogram
provide any evidence for eny other rhythm. The two "peaks" are separated
by stout 90 msec., but neither 220 nor 310 msec. are integral multiples
o? 60, which would be expected if the basic period of the rhythm were
90 zsec., i.e., & rhythm of about 11 c.v.s. This is far from being
conclusive, however. It is necessary to try this out using a device
that can detect "events" (defined somehow) that are produced by more than
one articulator. ‘fhat way shorter intervals can be obtained and the
160 msec. rhythm, if it exists, msy show up better. Also it should be
tried with spontaneous speech which may be different from "reading aloud"
in that the subject generates his own rhythms,not those dictated by
previously written material.

S ‘W

1¢ cne sees only one peak in this interval histogram it would be
areund 250-300 msec. end this may represent either the favored syllable
duration or the favored rate at which the Jaw moves. Very likely the
tongue or lips would have a much smaller favored interval, and the
respiratory muscles a much larger favored interval, Clearly more
reseerch is needed. For now there is no positive basis for accepting
or relecting Lenneberg's 1/6 sec. hypothesis, however, the evidence is
not wholly favorable to it.
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ndix: Illustretions of the Anatomy Relevant to the Discussion in
Chapter 2
’

Appe

'
[}
\

DIGASTRIC MUSCLE

MYLOHYOID MUSCLE

THYROID CARTILAGE
LARYNX
CRICOID CARTILAGE

STERNOHYOID MUSCLE

()
\ STERNUM
\ o

Figure 56. Sketch of the muscles and related structures which may T
contribute to the gross movements of the larynx. Muscles on the Jdeft

side are not shown but are symmetrical to those on the right., As can

be seen, the sternmohyoid muscle {s not attached directly to the larynx

and can lover the larynx only indirectly by lowering the hyoid bone

vhich is attached to the larynx through membranous and ligamentous

connections, Structurally it would seenm that the thyrohyoid and

sternothyroid muscles would be more directly involved in raising or 1 69

’ +
lewering ',he larvnx, respectively, (Skeletel frame traced from Pernkop?) L
, A . e )

_




- dinditrts. ks

167

o .

A Ki® b o d v P s - e o ¢kt it BA A Bt e —m o Fewideara t ae et o= x e amEE S

+gp10d [BI0A 3y} SIANPQU SIUL sgaTosnu PIOUIIAIVODITID Tuz2q8 ay} £q paysitd

10009 q8Y3 O3 (SAOXIu 3dI8[) UOTIIIITY aq1soduu oyl uy spiutajiau Ayl 11nd satosnu pTOUa3AI8B0OD TID
1931a380d ayr °pPIIdNPPE ATayr Ty aIouw SPIOD TuIOA a3 oyuuw sny} pue (saol1l® 1T9asg) 2ayyadoy I1350TD
gagduey3Ied pioualfivw Y3 nd satrosnul pIouajzfIsIajuy Yy sxULLIBT Y3 JO AIFA 1BIY *0)¢ axndyg

.coavdcosa 03 zay3adoq SpI0d TBIOA sy} Supduriq (no1xe

sdxer) auyrP WY spIemo} Aranbrrqe 3wlol gpioualiis ayl uoy398I3U0D uodn $saderyiqed PIOdTID
puw pIoua}AI8 IY3I JO 8apIS ayl 03 yOulIIB saTosnU PTOIAYIOITID Tel1938T a94j, *gade13L8D pIouaLire
ays 3o suoyjdod juoly ay3 pus 48T T3IRD pPIOIAY3 U3 JO SPISUT I3 03 YOBIE gaosNE BITBI0A IUL
e feam N9 23v[}348D PTOILYI U3 Jo JTEY aJ3T 3Y3 Y3ITA XUAIBT U3 JO RITA ap1s wW¥I QLS I3

. : °go37d uy IsBIIOUT UY gasned sSTY3 UVOTY
—guogd Suyang °(348TIIIED prolfyy ayj jo juoly 3u3 JO apTsuy aul o3 g23uT13480 pPTOUIIAI® 3UI wox3
Juppuagxa spi0d [920A AUl Jo azpa ayl) quaws3 Y[ [E¥O0A 373 UT uoTsuUa3 UT ISVIIdUT pus Aulgo3aIls ®
gasned sIqL ,,°X%, UB UITA pajtudl jods ay3 3Iv a¥v[TILed PIOITID dyy UO sq0A7d 93wTT3IIED proIiyy Ay

sa8 (8a0ll8) 19y3a303 I3sOTd SIIBTTIIED PTOJTID pud p1ol14Y3 3yl Jo suop3god uoxF Y3 SMEIP aTosnm

8TY3 TOT3OBIZUOD uodpn carosnm PTOIAY302TID 3Y3 Juymoys xufrsy 3yl Jo ASTA 3PTS 3J91 *g)¢ IINITL MMW ‘
. °egaTosST S3T puB XUAIBT 943 JO SIUIIAYS oTvWeWs _ °LS ohnmwh -
hmmﬁomnz agernaed afeniaed
pIOUd}LIBODTID 1091 p1OO1ID afosniN
agernaed 20112150 prod1I)

proowad proa&yjodtd

a1oSn]N proudl
-L1eod1ad arosninN
Texaje 1 ‘ ST[eJ0A

sagernyae

- > . safenaed prouaiiry
proudlifry
(feme nO) afernaed
agermae)d agemmaed proafiyy,
proafylL proxfAyl,
SIS 5)¢ andyg -qLg 9anITd "elg SmIN
prouajfseIaju] :
L 4 [ Y ] . .

IC

Aruitoxt provided by Eic:

E

v A 2 Bove DR im, AEADS o .



fe e Y —— - - o —

-

oo cmen. ot eaenmn Ll sty

168

BIBLIOGRAPHKY

ABERCROMBIE, D. 1967
ELEMENTS OF GENERAL PHONETICS
CHICAGO:s ALDINE

ALLEN, G. D. 1968
THE PLACE OF RHYTHM IN A THEORY OF LANGUAGE
VORKING PAPERS IN PHONETICS CUCLA) 10360-84

AMENOMORI,» Y. 1960

SIGNIFICANCE OF THE HYOID BONE IN PHONATION CANALYSIS OF THE
SUSFENSION MECHANISMS OF THE LARYNX). [IN JAPANESE)

0T0-RHINO-LARYNGOLOGY CLINIC [KYOTO) 5331117-44

AMENOMORI, Yo 1961

SOME STUDIES ON THE 'SUSPENDING MECHANISM OF THE LARYNX.'
tIN JAPANESE]

€TUULIA PHONOLOGICA 1:95-110

ANDERSEN, H. C. 1R37

KEJSERENS NYE KLAEDER CTHE EMPEROR'S NEW CLOTHES)s CIN
DANISH) '

IN: EVENTYR, FORTALTE FOR BOERN

COPENHAGEN: Ce Ao RETTZEL

ANUREWS, Re Jo 1965
THFE ORIGINS OF FACIAL EXPRESSIONS
SCIENTIFIC AMERICAN 213.4:88-94

ANTHONY, Je¢ Ko Fo 1968
STLLUY OF THE LARYNX 1T
WORK IN PROGRESS [UNIVERSITY OF EDINBURGH] 2377-82

ARURAN, Ge¢ Mo» WULSTAN, D. 1967
THE ALTO OR COUNTERTENOR VOICE
MUSIC ANL LETTERS 48:17-22

ARMSTRONG, Lo EBeoo» WARD, 1. Co. 1926
A HANDBOOK OF ENGLISH INTONATION
CAMBRIDGES HEFFER

PP




169

ARNOLD», G« E« 1961
PHYSIOLOGY AND PATHOLOGY OF THE CRICOTHYROID MUSCLE
LARYNGOSCOPE 71:687-~753

BASMAJIAN, J. Ve.» STECKO, G. 1962
A NEW BIPOLAR ELECTROLE FOR ELECTROMYOGRAPHY
JOURNAL OF APPLIEL PHYSIOLOGY 17:849

BERG, JWs VAN DEN 1956

DIRECT AND INDIRECT DETERMINATION OF THE MEAN SUBGLOTTIC
FRRSSURE

FOLIA PHONIATRICA 8311-24

BERG, JW. VAN DEN 1957
SUBGLOTTIC PRESSURLS ANDU VIBRATIONS OF THE VOCAL FOLDS
FOLIA PHONIATKICA 9:65-171

BERG, JW. VAN DEN, TANs Te Se 1959
RESULTS OF EXPERIMENTS WITH HUMAN LARYNXES
PRACTICA 0TO-RHINO~LARYNGOLOGICA 21:425-50

RERNSTEIN, N+ A. 1935

THE. PROBLEM OF THE INTERRELATION OF CO-ORDINATION AND
LOCALIZATION

ARHIV BIOLOSHKIH NAUKA {BELGRALE) 38

BERNSTEIN, Ne¢ Ae 1967
THE COORDINATION AND REGULATION OF MOVEMENTS
OXFORD: PERGAMON PRESS :

EOLINGER, Ds L. 1958
A THEORY OF PITCH ACCENT IN ENGLISH
WORL 143109=~49

BOLINGER, D« L. 1964

INTONATION AS A UNIVERSAL

IN: PROCEEDINGS OF THE NINTH INTERNATIONAL CONGRESS Of
LINGUISTS, PP B33-44

EVITED BY!: LUNT, H.

THE HAGUE$ MOUTON

BOLINGER, Ds Lo 1965

FORMS OF ENGLISH: ACCENT» MORPHEME, ORDER
EDITED BYs ABE», le¢» KANEKIYO» To
CAMBRIDGE: HARVARD UNIVERSITY PRESS

BOSMA, J. Fe 1964

RESPIRATORY MOTION PATTERNS OF THE NEWBORN INFANT CRY
IN: PHYSICAL DIAGNOSIS OF THE NEWLY BORN,' PP 103-16
EDITED BYt KAY, J. L.

COLUMBUS: ROSS LABORATORIES

172

(o

TRy




o w8 .MWM»-‘.-uun\mh--.mu.ws.u-lau&JMmAuJum”an,ww:-u.m.-wuuu-&b-o- AR TR S T UL LR g T R X EREEL L R I st

170

|

BO SMA, Je Fes» TRUBY, He. Mes LIND, Jo 19695
CRY, MOTIONS OF THE NEWBORN INFANT
!N:LNENBORN INFANT CRY» PP 61-92
EDITED BY: LIND, J.

LPPSALA: ALMBVIST AND WIKSELLS

BOURUYS, A. EDITOR. 1968

SOUND PRODUCTION 1IN MAN -

ANNELS OF THE NEW YORK ACADEMY OF SCIENCES '153.131-381
1 .

A
t

BOLfUYSo Ae«s» PROCTOR. De Feo MEAD, J. 1966
m%;lc ASPECTS OF SINGING
N o AL OF APPLIED PHYSIOLOGY 21:1483~96
<
»
®BoyD, J. Ae 1965 ‘
DIFFERENCES IN THE DIAMETER AND CONDUCTION VELOCITY OF MOTOR
AoND FUSIMOTOR FIBRES IN NERVES TO DIFFERENT MUSCLES IN
THE HIND LIMB OF THE CAT
IN: STUDIES IN PHYSIOLOGY PRESENTED TO Jo. C. ECCLES, PP 7-12
EDITED BY: CURT1S, D« Reos MCINTYRE, A. Ke
NEW YORX: SPRINGER-VERLAG

BROAD, Do Jo 1968
SOME PHYSIOLOGICAL PARAMETERS FOR PROSOLIC DESCRIPTION
SANTA BARBARA: SPEECH COMMUNICATIONS RESEARCH LABORATORIES

CHERRY, E« Ce» TAYLOR, We Ko 1954

SOME FURTHER EXPERIMENTS UPON THE RECOGNITION OF SPEECH,
WITH ONE AND WITH TWO EARS

JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 263554-59

CHIBA, T. 1935
A STUDY OF ACCENT
TOKY *¢ FUZANBO

CHISTOVICH, LUDMILLA A. 1969

VARIATION OF THE FUNDAMENTAL VOICE PITCH AS A D1SCRIMINATORY
CUE FOR CONSONANTS

SOVIET PHYSICS-ACOUSTICS 14337278

CHISTOVICH, LUDMILLA A.» KOZHEVNIKOV, Ve Aes ALYAKRINSKI1I»

Ve Voo BONDARKO, Le Ve GOLUZINA, A G.» KLAAS, Yo
Aesr KUZMIN, YU, 1.» LISENKO» De Moo LUBLINSKAYA» Ve
V.» FEDOROVA, Ne Ao SHUPLYAKOQOV, Ve Seo SHUPLYAKOVA,
Re Mo 1965

RECH?¢ ARTIKULYATSIYA 1 VOSPRIYATIYE (SPEECH: ARTICULATION
AND PERCEPTION]

MOSCOW: NAUKA CENGLISH TRANSLATION AVAILABLE THROUGH THE
U. So. DEPARTMENT OF COMMERCE, # JPRS 30,543}




i

CHOMSKY» N+ 1964 , ' A
CURRENT ISSUES IN LINGUISTIC THEORY (.

IN: THE STRUCTURE OF LANGUAGE, PP S50-116 f
EDITED BY: FODORs Je Aes  KATZs Jo Jo ’
ENGLEWOOD CLIFFSs PRENTICE-HALL

CHOMSKY» No 1965 ‘ ,
ASPECTS OF THE THEORY OF SYNTAX ﬂ
CAMBRIDGE® MIT PRESS : g

CHOMSKY, No 1987A F

DISCUSSION IN: BRAIN MECHANISM UNDERLYING SPEECH AND }
LANGUAGE, P 100

EDITEL BYs DARLEY, Fo Lo

NEW YORKs GRUNE AND STRATTON

CHOMSKY, N. 1967B {
THE FORMAL NATURE OF LANGUAGE

IN: BIOLOGICAL FOUNDATIONS OF LANGUAGE, PP 397-442
B . L.ENNEBERG, E.

N.'! YORK: JOHN WILEY AND SONS

CHOMSKY» No.» HALLE, M. 1968
THE SOUND PATTERN OF ENGLISH
NEW YORK: HARPER AND ROW

CHOMSKY, N«.» HALLE, M., LUKOFF, F» 1956

ON ACCENT AND JUNCTURE IN ENGLISH

IN: FOR ROMAN JAKOBSON, PP 65-80

EDITED BY$ HALLE, Moo LUNT, Heo» MCCLEAN, He
THE HAGUE: MOUTON

COLEMAN, He O, 1914
INTONATION AND EMPHASIS
MISCELLANEA PHONETICA 1:6-26

COOPER» Fo Se¢ 1967

DISCUSSTION IN: COMMUNICATING BY LANGUAGE: THE SPEECH PROCLSS
EDITED BY: HOUSE, A. S.

BETHESDA: DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

CRITCHLEY, Ms» KUBIK, Ceo So 1925

THE MECHANISM OF SPEECH AND DEGLUTITION IN PROGRESSIVE BULBAR
PALSY

BRAIN 48:492-534

DANJLOFF, Re Ges AMERMAN,:  Je» MOLL, K. Lo 1968
AN INVESTIGATION OF THE TIM}NG AND SYNERGY OF JAW MOVEMENT

AND LIP RETRACTION IN NORMAL SPEECH . é
PAPER PRESENTED AT THE FALL 1968 MEETING OF THE AMERICAN

SPEECH AND HEARING ASSOCIATION

174




DARWIN, C. 1872
THE EXPRESSIONS B6F EMOTION IN MAN AND ANIMALS
LONDON: Je¢ MURRAY

DELATTRE, Pe 1962

SOME FACTORS OF VOW:EL DURATION AND THEIR CROSSLINGUISTIC
VALIDITY

JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 3431141-43

DENES, Pe 1955
EFFECT OF DURATION ON THE PERCEPTION OF VOICING
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 273761-64

LRAPER, M. Heo LADEFOGEDJ Pes WHITTERIDGE, D. 1960
EXPIRATORY MUSCLES AND AIRFLOW DURING SPEECH
ERITISH MEDICAL JOURNAL 18 JUNE:1837-43

FAAEORG~-ANCERSEN, K. 1957

ELECTROMYOGRAPHIC INVESTIGATION OF INTRINSIC LARYNGEAL
MUSCLES IN HUMANS

ACTA PHYSIOLOGICA SCANDINAVICA 41, SUPPLEMENT 140

FAAEORG-ANDERSEN, K. 1965

ELECTROMYOGRAPHY OF LARYNGEAL MUSCLES IN HUMANS. TECHNICS
AND RESULTS

AKTUELLE PROBLEME PHONIATRIE UND LOGOPEDIE, SUPPLEMENTUM
FOLIA PHONIATRICA 3:1-72 '

FAABORG-ANDERSEN, Ke» SONNINEN, A. 1960

THE FUNCTION OF THE EXTRINSIC LARYNGEAL MUSCLES AT DIFFERENT
PITCH

ACTA OTO-LARYNGOLOGICA 51.1-2389-93

FAABORG~ANDERSEN, Koo VENNARD, W. 1964

ELECTROMYOGRAPHY OF EXTRINSIC LARYNGEAL MUSCLES DURING
PHONATION OF DIFFERENT VOWELS

ANNALS OF OTOLOGY» RHINOLOGY AND LARYNGOLOGY 731248-54

FAIRBANKS, G. 1954
A THEORY OF THE SPEECH MECHANISM AS A SERVOSYSTEM
JOURNAL OF SPEECH AND HEARING DISORDERS 19:133-39

FAIRBANKS, Ge 1955
SELECTIVE VOCAL EFFECTS OF DELAYED AUDITORY FEEDBACK
JOURNAL OF SPEECH AND MEARING D1SORDERS 201333~ 45

FANT, Go 1958
ACOUSTIC THEORY OF SPEECH PRODUCTION
STOCKMOLMs ROYAL INSTITUTE OF TECHNOLOGY

175




Y

FARNSWORTH, D. W. 1940
HIGH SPEED MOTION PICTURES OF HUMAN VOCAL. CORDS
BELL LABORATORIES RECORD 18:203-08

FERREIN, A. 1741
DE LA FORMATION DE LA VOIX DE L HOMME
MEMOIRES D ACADEMIE ROYALE DES SCIENCES 51:409-42

FINK, Be Re 1962
TENSOR MECHANISM OF THE VOCAL FOLDS
ANNALS OF OTOLOGY, RHINOLOGY AND LARYNGOLOGY 71:591-600

FINTOFT, Ko 1961
THE DURATION OF SOME NORWEGIAN SPEECH SOUNDS
PHONETICA 7:19-39

FISCHER-JORGENSEN, ELI 1964

SOUND DURATION AND PLACE OF ARTICULATION
ZEITSCHRIFT FUER PHONETIK, SPRACHWISSENSCHAFT UND
°  KOMMUNIKATIONSFORSCHUNG 213157-62

FISCHER-JORGENSEN, ELI, HANSEN, T. 1959
AN ELECTRICAL MANOMETER AND ITS USE IN PHONETIC RESEARCH
PHONKTICA 4:43-S2

FLANAGAN, Je L. 1968

STULDIES OF A VOCAL~-CORD MODEL USING AN INTERACTIVE LABORA-
TORY COMPUTER

IN: PREPRINTS OF THE SPLECH SYMPOSIUM, KYOTO., 1968

FLANAGAN, Js Lo, LANDGRAF, LORINDA 1967

SELF-0SCILLATING SOURCE FOR VOCA! - TRACT SYNTHESIZERS

IN: PREPRINTS OF THE 1967 CONFERENCE ON SPEECH COMMUNICATION
AND PROCESSING (MIT)

REPRINTEL IN: IEEE TRANSACTIONS ON AUDIO AND ELECTRO~
ACOUSTICS AU=16:57=64 [1968)

FLANAGAN, Je. Les» LANDGRAF, LORINDA 1969
EXCITATION OF VOCAL=-TRACT SYNTHESIZERS
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 451764-69

FOURNIE 1887
ESSA1 DE PSYCHOLOGIE
PARIS

FRENCH, T« Re 18B4

ON A PERFECTED METHOD OF PHOTOGRAPHING THE LARYNX
NEW YORK MEDICAL JOURNAL 40:653

176

[T S,

e

M s 4 ey

v

T

TP, e

A <Ak talial




- ar—

- ——— e -

e

17h

FROMKIN, VICTORIA A. 1965

SOME PHONETIC SPECIFICATIONS OF LINGUISTIC UNITSs AN
ELECTROMYOGRAPHIC INVESTIGATION

WORKING PAPERS IN PHONETICS CUCLA) 3

FROMKIN, VICTORIA A. 1968
SPECULATIONS ON PERFORMANCE MODELS
JOURNAL OF LINGUISTICS 4t47-68

FROMKIN, VICTORIA A., LADEFOGED.» P. 1966
ELECTROMYOGRAPHY IN SPEECH RESEARCH
PFRONETICA 15:219-42

FROMKIN, VICTORIA A., OHALA, J. 1968 v
LARYNGEAL CONTROL AND A MODEL OF SPEECH PRODUCTION
PREPRINTS OF THE SPEECH SYMPOSIUM, KYOTO, 1968

FRY, D. B. 1955

CURATION AND INTENSITY AS PHYSICAL CORRELATES OF LINGUISTIC
STRESS

JOURNAL OF THE ACOUSTIC SOCIETY OF AMERICA 27:1765FF

FRY, D. Bs 1960
LINGUISTIC THEORY AND EXPERIMENTAL RESEARCH
TRANSACTIONS OF THE PHILOLOGICAL SOCIETY (LONDON) 1960:13-39

FRY, D. B. 1964

THE FUNCTION OF THE SYLLABLE

ZEITSCHRIFT FUER PHONETIK, SPRACHWISSENSCHAFT UND
KOMMUNIKATIONSFORSCHUNG 17:215-21

FURUKAWA, M. 1967 :

A STUDY OF THE MECHANISM OF PHONATION USING EXISED LARYNGES
(1IN JAPANESE) :

0TO-RHINO~LARYNGOLOGY CLINIC [KYOTO) 60:1145-81

GAITENBY, JANE 1965 : .

THE ELASTIC WORD

STATUS REPORT ON SPEECH RESEARCH [HASKINS LABORATORIES) 2--
1965:3.1=.12

GARCIA, M. 1840
ECOLE DE GARCIA. TRAITE COMPLET DE i ART DU CHANT
PAR1Ss TROUPENAS

CRANDGENT, C. Hs 1890

VOWEL MOVEMENTS
PUBLICATIONS OF THE MODERN LANGUAGE ASSOCIATION 53148-74

177




|
|

175

GRIESMAN» Bes L. 1943

MECHANISM OF PHONATION DEMONSTRATED BY PLANIGRAPHY OF THEK
LARYNX

ARCHIVES OF OTOLARYNGOLOGY 38:17-26

HADDING-KOCH, KERSTIN 1961 '

ACOUSTICO-PHONETIC STUDIES IN THE INTONATION OF SOQUTHERN
SWEDISH

LUNL3 GLEERULPS

HARDING-KQCH, KERSTINs STULDERT-KENNEDY, M. 1964
AN EXPERIMENTAL STUDY OF SOME INTONATION CONTOURS
PHONETICA 11:175-85

HAGGARDs Me Pe 1969
PITCH 15 VOICING-~MANNER IS PLACE
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA «46t97A

HALLE, M. 1962
PHONOLOGY IN GENERATIVE GRAMMAR
WORD 18315472

HALLE, M. 1964

ON THE BASES OF PHONOLOGY

IN: THE STRUCTURE OF LANGUAGE, PP 324-33
ECITED BY: FODOR, Je Aey KATZ, 'Je Js
ENGLEWOOD CLIFFS: PRENTICE=HALL

HARSHMAN, R.» LADEFOGED, P. 1967
THE LINC=-8 COMPUTER IN SPEECH RESEARCH
WORKING PAPERS IN PHONETICS C[UCLA) 7:57-68

HAST, Me He 1961
SUBGLOTTIC AIR PRESSURE AND NEURAL STIMULATION IN PHONATION
JOURNAL OF APPLIED PHYSIOLOGY 1611142=-46

HELMHOLTZ, He. VON 1881
POPULAR LECTURES ON SCIENTIFIC SUBJECTS
LONDON: LONGMANS, GREEN

HENKE, We 1967

FRELIMINARIES TO SPEECH SYNTHESIS BASED UPON AN ARTICULATORY
MODEL

IN: PREPRINTS OF THE 1967 CONFERENCE ON SPEECH COMMUNICATION
AND PROCESSING (MIT)

HENY, F. FORTHCOMING
DOCTORAL DISSERTATION C[UCLA)

L aani 2 et

e am e g

gy

e



T ———n O o —— ——t e, e g ..

& -

EERR R

PRET VR e S

cedman s e remenan

W A -t v a—————-

176

HIL.L, A. A. EDITOR. 1962A

FIRST TEXAS CONFERENCE ON PROBLEMS OF LINGUISTIC ANALYSIS IN
ENGLISH

AUSTIN: UNIVERSITY OF TEXAS

HILL, A. A. EDITOR. 1962B

SECOND TEXAS CONFERENCE ON PROBLEMS OF LINGUISTIC ANALYSIS IN
ENGLISH

AUSTIN: UNIVERSITY OF TEXAS

HIRANO, M., KOIKE, Y., VON LEDEN, He 1967
THE STERNOHYOID MUSCLE DURING PHONATION
ACTA OTO-LARYNGOLOGICA 64:500-07

HIRAND, M.» OHALA, Je 1969

USE OF HOOKED-WIRE ELECTRODES FOR ELECTROMYOGRAPHY OF THE
INTRINSIC LARYNGEAL MUSCLES

JOURNAL OF SPEECH AND HEARING RESEARCH 12:362-73

HIRANO, M., OHALA, Je» VENNARD, We 1969

THE FUNCTION OF LARYNGEAL MUSCLES IN REGULATING FUNDAMENTAL
FREGUENCY AND INTENSITY OF PHONATION

JOURNAL OF SPEECH AND HEARING RESEARCH 12:1616~-28

HIROTO, 1., HIRANO, M., TOYOZUMI, Y., SHIN, Te 1962

P NEW METHOD OF PLACEMENT OF A NEEDLE ELECTRODE IN THE
INTRINSIC LARYNGEAL MUSCLES FOR ELECTROMYOGRAPHY ([IN
JAPANESE] : ‘

OTO-RHINO-LARYNGOLOGY CLINIC (KYOTO) 551499

HIRGTO, I+, HIRANO, Me, TOYOZUMI, Y., SHIN, T. 1967

ELECTROMYOGRAPHIC INVESTIGATION OF THE INTRINSIC LARYNGEAL
MUSCLES RELATED TO SPEECH SOUNDS

ANNALS OF OTOLOGY, RHINOLOGY AND LARYNGOLOGY 76:861~72

HOLLIEN, Kes CURTIS, J. Fo 1960
A LAMINAGRAPHIC STUDY OF VOCAL PITCH
JOURNAL OF SPEECH AND HEARING RESEARCH 31361-171

HOLMES, J. N., MATTINGLY» 1+ Geos SHEARME, J. N 1964
SPEECH SYNTHESIS BY RULE
LANGUAGE AND SPEECH 7:127-43

HOSHIKO, M. S., BLOCKCOLSKY, VALEDA 1967

A RESPIROMETRIC STUDY OF LUNG FUNCTION DURING UTTERANCE OF
VARYING SPEECH MATERIAL

SPEECH MONOGRAPHS 34:74-79

179

= ¥ o 9o AP . aa b A < e e e« e D




- ——CmT™

177

HOSOKAWA, He 1961 )

PROPIOCEPTIVE INNERVATION OF STRIATED MUSCLES IN THE TERRI=-
TORY OF THE CRANIAL NERVES

TEXAS REPORTS ON BIOLOGY AND MEDICINE 19:405-64

HOUSE, A. S. EDITOR. 1967
COMMUNICATING BY LANGUAGE: THE SPEECH PROCESS
BETHESDA: DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

HOUSE, A. Se.s, FAIRBANKS, G. 1953

THE. INFLUENCE OF CONSONANT ENVIRONMENT UPON THE SECONDARY
ACOUSTICAL CHARACTERISTICS OF VOWELS

JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 25:105-13

HUBLER, S. 1967
A HIGH INPUT IMPEDANCE ELECTROMYOGRAPHY PREAMPLIFIER
WORKING PAPERS IN PHONETICS (UCLA) 7:25-34

HUDGINS, C. Ve, STETSON, Re Heo 1937
RELATIVE SPEED OF ARTICULATORY MOVEMENTS
ARCHIVES NEERLANDAISES DE PHONETIOUE EXPERIMENTALE 13385-94

HUGGINS, A. W. Fe 1964

DISTORTION OF THE TEMPORAL PATTERN OF SPEECH: INTERRUPTION

AND ALTERNATIORD

- JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 36:1055-64

HUNT, C. C.» PERL, E. Re 1960
SPINAL REFLEX MECHANISMS CONCERNED WITH SKELETAL MUSCLE
PHYSIOLOGICAL REVIEW 40:538-79

HURST, J. B. 1939
CONDUCTION VELOCITY AND DIAMETER OF NERVE FIBERS
AMERICAN JOURNAL OF PHYSIOLOGY 127:131-39

HUSSON, R« 1950 '

ETUDE DES PHENOMENES PHYSIOLOGIQUES ET ACOUSTIGUES FONDA-
MENTAUX DE LA VOIX CHANTEE

THESE DE LA FACULTE DE SCIENCE, PARIS

REVUE SCIENTIFIQUE 88367-112, 131-46, 21735

INOUE, 0. 1931
TWO0 METHODS OF PITCH-RECORDING DEVICES C(IN JAPANESE]
STUDY OF SOUNDS 4357=-60

ISSH1KI, N. 1959

REGULATORY MECHANISM OF THE PITCH AND VOLUME OF VOICE
0TO-RHINO~LARYNGOLOGY CLINIC {KYOTO) 5231065-94

180

> EATITRTTA S AS T T TOY TPV N QT RS

e o e o . N L

~ g, @ T Y

Y o S . o G g % B W "I "

A Wt S S A

- AC SIS

B e snal

.



178

JONES, D. 1962 '
AN OUTLINE OF ENGLISH PHONETICS
CAMBRIDGE: HEFFER

KA]SER, LOUISE 1939

BIOLOGICAL AND STATISTICAL RESEARCH CONCERNING THE SPEECH
oF 216 DUTCH STUDENTS

ARCHIVES NEERLANDAISES DE PHONETIOUE EXPERIMENTALE 15t1=76

KATZ, Je Jeo POSTALs, Pe Mo 1964
AN INTEGRATED THEQRY OF LINGUISTIC DESCRIPTIONS
CAMBRIDGE: MIT PRESS

KEENAN» JeSes» BARRET, Ge. Co 1962

INTRQLPRYNGEAL RELATIONSHIRS DURING P1TCH AND INTENSITY
CHANGES

JOURNAL OF SPEECH AND HEARING RESEARCH 517378

KELLY, Jeo» GERSTM:N» Lo 1961
AN ARTIFICIAL TALKER DRIVER FROM A PHONETIC INPUT
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 34:743LA)

KIM, C-W. 1966
THE LINGUISTIC SPECIFICATION OF SPEECH
WORKING PAPERS IN PHONETICS LUCLAY S

KIMURA, Ne 1961

ELECTROMYOGRAPHIC STULY OF THE EXTRINSIC MUSCLE OF THE"
LARYNX

OTO-RHINO-LARYNGOLOGY CLINIC CKYOTO] 543481

KOIKE, Yoo PERKINS,» We Ho 1968

APPLICATION OF A MINIATURIZED PRESSURE TRANSDUCER FOR EXPER~
IMENTAL SPEECH RESEARCH .

FOLIA PHONIATRICA 203360-68

KOYAMA, Teo KAWASAKL, Mo, OGURA, Je H. 1969 .

MECHANICS OF VO1CE PRODUCTION. 1. REGULATION OF VOCAL
INTENSITY

LARYNGOSCOPE 79:337-54

KOZHEVUNIKOV, Ve Aes ARUTYUNYAN» Ee Aes BOROZDIN, AcNes

VENTSOV, A. Ves GRANSTREM, M. Pes» SHEIKIN, Re Lo
SHUPLYAKOV, Ve C. 1966

METODY 1 ZUCHENIYA RECHEVOGO DYKHANIYA

ING MEKHANT ZMY RECHEOBRAZOVANIYA 1 VOSPRIYATIYA SLOZHNYKH
ZVukovV, PP 45=59

EDITED BY: VENTSOV, Ae. Veo KOZHEVUNIKOV, Ve Aes KUZMIN, YU.
1., CH1STOVICH, Le Ao

MOSCOW: NAUKA




179

KRMPOTIC, JELENA 1959 .

DONNEES ANATOMIGQUES ET HISTOLOGIOGUES RELATIVES AUX
EFFECTEURS LARYNGO-PHARYNGO=-BUCCAUX

REVUE DE LARYNGOLOGIE» OTOLOGIE, RHINOLOGIE 803829~-48

KUGELBERG, E. 1952
FACIAL REFLEXES
BRAIN 75138596

LADEFOGED, P. 1960
THE REGULATION OF SUB-GLOTTAL PRESSURE
FOLIA PHONIATRICA 12:169-75

LADEFOGED, P. 1962

SUBGLOTTAL ACTIVITY DURING SPEECH

IN: PROCEEDINGS OF THE FOURTH INTERNATIONAL CONGRESS OF
PHONETIC SCIENCES, PP 73-91

EDITED BY: SOVIJARVI, A., AALTO, P.

THE HAGUE: MOUTON

LADEFOGED, Ps 1963
SOME PHYS1OLOGICAL PARAMETERS IN SPEECH
LANGUAGE AND SPEECH 6:109-19

LADEFOGED, P. 1964
A PHONETIC STUDY OF WEST AFRICAN LANGUAGES
CAMBRIDGE: CAMBRIDGE UNIVERSITY PRESS

LADEFOGED, P. 1967A
THREE AREAS OF EXPERIMENTAL PHONETICS
LONDON: OXFORD UNIVERSITY PRESS

LADEFOGED, P. 1967B
LINGUISTIC PHONETICS
WORKING PAPERS IN PHONETICS CUCLA) 6

LALEFOGED, P. 1968

LINGUISTIC ASPECTS OF RESPIRATORY PHENOMENA

IN: SOUND PRODUCTION IN MAN, PP 141-51

EUITED BY: BOUHUYS, A.

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 155.1

LADEFOGEC, Pe» DRAPER, Mo Heo WHITTERIDGE» D. 1958
SYLLABLES AND STRESS
MISCELLANEA PHONETICA 331-14

LADEFOGED» Pe» FROMKIN, VICTORIA A. 1968

EXPEPIMENTS ON COMPETENCE AND PERFORMANCE

IEEE TRANSACTIONS ON AUDIO AND ELECTROACOUSTICS AU-16413130~
36

182

L’ om a ad . o idy

sy

™ - e ey e e D




180

LALEFOGED, P MCKINNEY» No 1963
LOUDNESS, SOUND PRESSURE AND SUB-GLOTTAL PRESSURE IN SPEECH
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 35:453-60

LANE, He Lo 1965
MOTOR THEORY OF SPEECH PERCEPTION: A CRITICAL REVIEW
FSYCHOLOGICAL REVIEW 72:275-310

LANE, He Lo 1967
A BEHAVIORAL BASIS FOR THE POLARITY PRINCIRLE IN LINGUISTICS

LANGUAGE 43:494-511

LANGUAGE LEARNING 1958

PROCEEDINGS OF THE CONFERENCE: LINGUISTICS AND THE TEACHING

OF ENGLISH AS A FOREIGN LANGUAGE» JULY 1957, ANN ARBOR»
MICHIGAN

LANGUAGE LEARNING» JUNE 1958

LASHLEY, Ke Se 1951

THE PRORLEM OF SERIAL ORDER IN BEHAVIOR

IN: CERLERAL MECHANISMS 1IN BEHAVIOR, PP 112-36
ECITED BY: JEFFRESS» Lo A

NEyY YORK: WILEY )

LAVER, J. 1968
PHONETICS AND THE BRAIN
WwORK IN PROGRESS {UNIVERSITY OF EDINBURGH) 2363-75

LAWRENCE, W. 1953 ’

THE SYNTHESIS OF SPEECH FROM SIGNALS WHICH HAVE A LOW
INFORMATION RATE

INt COMMUNICATION THEORY,» PP 460-71

EUITED 8Y: JACKSON, We

LONDON: BUTTERWORTHS

LEE, Bs S. 1950
EFFECTS OF CELAYED SPEECH FEEDBACK
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 223:824-26

LEMISTE ILSE, PETERSON» Ge Es 1961
SOME BASIC CONSIDERATIONS ON THE ANALYSIS OF INTONATION
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 33:419-25

LENNEBERG, E. Ho 1967
BIOLOGICAL FOUNDATIONS OF LANGUAGE
NEW YORK: WILEY




181

LIBERMAN, A+ Me» DELATTREs Pe C.» COOPER, F. S. 1952

THE ROLE OF SELECTED STIMULUS-VARTABLES IN THE PERCEPTION OF
THE UNVOICED STOP CONSONANTS

AMERICAN JOURNAL OF PSYCHOLOGY 653497-516 ‘

LIBERMAN, A+ Me» DELATTRE, Po Cs» GERSTMANN, L. COOPLK>»
Fe Se 1956

TEMPO OF FREQUENCY CHANGE AS A CUE FOR DISTINGUISHING
CLASSES OF SPEECH SOUNDS d

JOURNAL OF EXPERIMENTAL PSYCHOLOGY 523127-37

LIEBERMAN, P. 1960 S '

SOME ACOUSTICAL CORRELATES OF WORD STRESS IN AMERICAN
ENGLISH '

JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 32:451-54

LIEBERMAN, Pe 1965

ON THE ACOUSTIC BASIS OF THE PERCEPTION OF INTONATION BY
LINGUISTS

WORD 21:40-54

LIEBERMAN, Ps 1966

- SOME ACOUSTIC AND PHYSIOLOGIC CORRELATES OF [IHE BREATH GROUP

JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 39:1218

LIEBERMAN, P+ 1967A
INTONATION, PERCEPTION AND LANGUAGE
CAMBRIDGE: MIT PRESS

LIEBERMAN, P. 19678

INTONATION AND THE SYNTACTIC PROCESSING OF SPEECH

IN: MOLELS FOR THE PERCEPTION OF SPEECH AND VISUAL FORM, PP
314-19

EDITED BYs: WATHEN-DUNN, W

CAMBRIDGE: MIT PRESS

LIEBERMAN, P. 1968A

ON THE STRUCTURE: OF PROSODY

ZE1TSCHRIFT FUER PHONETIK, SPRACHWISSENSCHAFT UND
KOMMUNIKATIONSFORSCHUNG 21:157-63

LIEBERMAN, P+ 19688

VOCAL CORD MOTION IN MAN

IN: SOUND PRODUCTION IN MAN, PP 28-38

EDITED BY: BOUHUYS, A

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 155.1

LIEBERMAN, Pe 1968C

DIRECT COMPARISON OF SUBGLOTTAL AND ESOPAAGLAL PRESSURE
DURING SPEECH
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA A331157-64

184




182

UIEBERMAN; P., GRIFFITHS, 1. De» MEAD, Jo» KNUDSON, Re
1967
ABSENCE OF SYLLABIC CHEST PULSE
:FURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 4131614LA)
1

IND, J. EDITOR. 1965
NEWEORN INFANT CRY
LPPSALA: ALMOVIST AND WIKSELLS

LYNDBLOY, Be 196%A

VI<EL DURATION AND A MODEL OF LIP MANDIBLE COORUINATION

G%%RTERLY PROGRESS AND STATUS REPORT C[ROYAL INSTITUTE OF
¥ TECHNOLOGY, STOCKHOLM) 4--196711-29

L}NDSLOM. Be 19688B '

TEMPORAL ORGANIZATION OF SYLLABLE PRODUCTION

QUARTERLY PROGRESS AND STATUS REPORT ([ROYAL INSTITUTE OF

TECHNOLOGY, STOCKHOLM) 2-3--1968:1-15

LISKER, Le 1957 -

CLOSURE DURATION AND THE INTERVOCALIC VOICED-VOICELESS
LISTINCTION IN ENGLISH

LANGUAGE 33:42-49

LISXER, Lo ABRRAMSON, A+ S 1964

A CROSS LANGUAGE STUDY OF VOICING IN INITIAL STOPS:
ACOUSTICAL MEASUREMENTS

WORD 20:384~422

LISKER, Lss ABRAMSON, A. S« 1967
cOMe EFFECTS OF CONTEXT ON VOICE ONSET TIME IN ENGLISH ST0PS
LANGUAGE AND SPEECH 10:1-28

LISKERs Lss» AERAMSON, A. S. 1968

L1ISTINCTIVE FEATURES ANL LARYNGLAL CONTROL

FAPER REAL BEFORE THE 43RD ANNUAL MEETING OF THE LINGUISTIC
SOCIETY OF AMERICA

LISKER, Le» ABRAMSON, Ao Ses COOPER, Feo Ses SCHVEY, M. He
1966

TRANSILLUMINATION OF THE LARYNX IN RUNNING SPEECH

JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 39:1218

LORENZ, Ke Zo 1958
THE EVOLUTION OF BEHAVIOR
SCIENTIFIC AMERICAN 199.6367-178

LUCAS KEENE, Me Feo 1961

MUSCLE SPINDLES IN THE HUMAN LARYNGEAL MUSCLES
JOURNAL OF ANATOMY 95:25-29

1¢5

g

o



183

LUCHSINGER» Re«» ARNOLD, G. E.
WICE-SPEECH~LANGUAGE
BELMONT: WAUSWORTH

MCCAWLEY, Je. D. 1968

THE ROLE OF SEMANTICS IN A GRAMMAR

INY UNIVLERSALS IN LINGUISTIC THEOKY, PP 124-69
EpiTEU HY' BQCHJ Evs HARMS. Ke 1.

NEW YORK: HOLT, RINEHART ANL WINSTON

MCCROSKELY» R. 1958

THE RELATIVE CONTRIBUTIONS OF AUD110RY AND TACTILE CUES TO
CERTAIN ASPECTS OF SPEECH

SOUTHERN SPEECH JOURNAL 24:84-90

MACKAY, L. Gs 1968
METAMORPHOSIS OF A CRITICAL INTERVAL: AGEL-LINKED CHANGES IN

THE DELAY OF AUDITORY FEEUBACK THAT FRODUCES MAXIMAL
DISRUPTION OF SPEECH

JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 43:811-21

MCKINNEY, No Pe 1965
LARYNGEAL FREGUENCY ANALYSIS FOR LINGUISTIC RESEAKCH
COMMUNICATION SCIENCES LABORATORY KEFORT L[ANN AREOK) 14

MACNEILAGE, P. Fe 1968
THE SERIAL ORLFRING OF SPEECH SOUNDS

PROJECT ON LINGUISTIC ANALYSIS KEPOR1S (BERKELEY) SERIES 2,
8sM1-1452

MAJEWSKI,» ‘ie» BLASDELL, R. 1969

INFLUENCE OF FUNDAMENTAL FREQUENCY CUES ON 1THE- PERCEPTION OF
SOME SYNTHETIC INTONATION CONTOURS

JOURNAL OF THE ACOUSTICAL SOCIE1Y OF AMERICA 45:450-57

MALECOT, A+, PEEBLES, K. 1965

AN OPTICAL DEVICE FOR RECOKDING GLOTTAL ADDUCI!ON-ABDUC1ION
DURING NORMAL SPEECH

ZEITSCHRIFT FUER PHONE11K, SPRACHWISSENSCHAFT UND
KOMMUNIKATIONSFORSCHUNG 18:545=50

MANUKOVSXALIA, G. P. 1959

MODIFICATION OF THE MUSCLE INNERVATION PATTERN IN YOUNG
ATHLETES IN THE PROCESS OF MASTERING GYMNASTIC EXEKCISES

SECHENOV JOURNAL OF PHYSIOLOGY 45.11:28-33

MATHEWS, P« Bse Co 1964

MUSCLE SPINDLES AND THEIR MOTOR CONTROL -
PHYSIOLOGICAL REVIEWS 44:219~-88 )

186

i o 4o N e TR SRS R L e

I R T RN e

TR ———y

e

e




pn—

et o~ 7S et o kel > g

184

MATSUI, E.» SUZUKI, T., UMEDA, NORIKO, OMURA» He 1968

SYNTHESIS OF FAIRY TALES USING AN ANALOG VOCAL TRACT

REPORTS OF THE SIXTH INTERNATIONAL CONFERENCE ON ACOUSTICS
{TOKYO) B--159-62

WATTINGLY, Io Go 1966
SYNTHESIS BY RULE OF PROSODIC FEATURES

..LANGUAGE AND SPEECH 9:1-13

MATTINGLY, 1. Ge 1968

SYNTHESIS BY RULE OF GENERAL AMERICAN ENGLISH

STATUS REPORT ON SPEECH RESEARCH LHASKINS LABORATORIRS]»
SUPPLEMENTs APRIL 1968

MEAL, Jeos BOUNULYS, Aes PROCTOR, D. Fe 1968
MECHANISMS GENERATING SUBGLOTTIC PRESSURE

INt SOUNL PROLUCTION IN MAN, PP 177-81

EUITED BY: BOULHUYS, A.

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 155.1

MENZEL: P. FORTHCOMING
DOCTORAL DISSERTATION [UCLA)

MICHEL, R. 1954

L1E BECEUTUNG DES MUSCULUS STERNOTHYREOIDEUS FUER DIE
RAHMENMOGULATION DER MENSCHLICHEN STIMME

FOLIA PHONIATRICA 6365-100

MINIFIEs Fo Dos KELSEYs Co A.» HIXON, To Je. 1968

MEASUREMENTS OF VOCAL FOLD MOTION USING AN ULTRASONIC
LOPPLER VELOCITY MONITOR

JOURNAL OF THE ACOUSTICAL SOCILTY OF AMERICA 4331165-69

MITCHINSONs As Go Hesp YOFFEY, Jo M. 1948

CHANGES IN THE VOCAL FOLDS IN HUMMING LOW AND HIGH NOTES.
A RADIOGRAPHIC STUDY

JOURNAL OF ANATNMY B2:88-92

MOELLER, Jes FISCHER, Je¢ Feo 1904

ORSERVATIONS ON THE ACTION OF THE CRICO-THYROIDEUS ANL
THYRO=ARYTENOIDEUS INTERNUS

ANNALS OF 010LOGY, RHINOLOGY AND LARYNGOLOGY 13342-46

MOLL, e Los DANILOFF, R+ Geo 1968

AN 1.VESTIGATION OF THE TIMING OF VELAR MOVEMENTS DURING
SPEECH -

PAPER PRESENTEL AT THE FALL 1968 MEETING OF THE AMERICAN

SPEECH AND HEARING ASSOCIATION

187

-




s o e
" 5

185

MUELLER, J. 1843

ELEMENTS OF PHYSIOLOGY
TRANSLATED BY$ BALY, We
ARRANGED BY?: BELL, J.
PHILADELPHIA: LEA ANL BLANCHARD

MUYSKENS, Je He 1931
AN ANALYSIS OF ACCENT IN ENGLISH FROM KYMOGRAPH RECORLS
VOX 17.2:55-65 '

NORTHRUP, Fe S¢ Co 1947
TRE LOGIC OF THE SCIENCES AND HUMANITIES
NEW YORK: MACMILLAN

OERTEL 1895

DAS LARYNGO-STROBOSKOP UND DIE LARYNGOSTROBOSKOPI SCHE
UNTERSUCHUNG

ARCHIVE FUER LARYNGOLOGIE 3t1-16

OHALA, J. 1966
A NEW PHOTOELECTRIC GLOT10GRAPH
WORKING PAPERS IN PHONETICS CUCLA) 42 40-52

OLALA, J. 1967 '

STULIES OF VARIATIONS IN GLOTTAL APERTURE USING PHOTO-
ELECTRIC GLOTTOGRAPHY

JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 4131613

OHALA, Jes HIKI, Se» HUBLER, Se» HARSHMAN) Re. 1968

PHOTOELECTRIC METHOLS OF TRANSDUCING LIP AND JAW MOVEMENTS
IN SPEECH

WORKING PAPERS IN PHONETICS CUCLA) 108135-44

OHALAs Jes HIKI,s Seo HUBLER, S.» HARSHMAN, R 1969
TRANSDUCING JAW AND LIP MOVEMENTS IN SPEECH
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 4511324

OHALA, Jes» HIRANO, Mo 1967

CONTROL MECHANISMS FOR THE SEQUENCING OF Nt UROMUSCULAR
EVENTS IN SPEECH

PREPRINTS OF THE 1967 CONFERENCE ON SPEECH COMMUNICATION
AND PROCESSING (MIT]

OHALAs Jes» HIRANO, Mo, VENNARD, W 1968

AN ELECTROMYOGRAPHIC STUDY OF LARYNGEAL ACTIVITY IN SPLECH
AND SINGING .

REPORTS OF THE SIXTH INTERNATIONAL CONGRESS ON ACOUSTICS
(TOKYO) B=«5-8

. 188

-



v e ottt bR s s a3 i) detbisebiny A ad . aBasite oot i A o edoos bkt S U, PRTOpTIge o

186

OHALA, Je» LADEFOGED, Pe 1969

SUBGLOTTAL PRESSURE VARIATIONS AND GLOTTAL FREQUENCY

PAPER PRESENTED AT THE NOVEMBER 1969 MEETING OF THE
ACOUSTICAL SOCIETY OF AMERICA

OKALA, Je» VANDERSLICE, Re 1985
PFOTOGRAPHY OF STATES OF THE GLOTTIS
WMRKING PAPERS TN PHONETICS CUCLA) 2358-59

OHMAN, Se. 1967
NUMERTCAL MOLEL OF COARTICULATION
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 413310-20

OK“AN, So 1968

LQRL AND SENTENCE INTONATIONS A QUANTITATIVE MODEL

CUARTERLY PROGRESS AND STATUS REPOR1 {ROYAL INSTITUTE OF
TECKNOLOGY, STOCKHOLM)] 2-3--1967:20-54 )

OMMEN, Se» LINLQVIST, Je 1966A
{2LYS]S-BY=SYNTHESIS OF PROSOUIC PITCH CONTOURS
GUARTERLY PROGRESS AND STATUS REPORT CROYAL INSTITUTE OF
TECHNOLOGY» STOCKHOLM) 4==196521-6

OHMAN, S.» LINDGVIST, Je 1966B

INSTRUMENTATION FOR SUEGLOTTAL AND SUPRAGLOTTAL AIR PRESSURE
MEASUREMENTS '

GUARTERLY FROGRESS AND $TATUS REPORT (ROYAL INSTITUTE OF
TECKNOLOGY», STOCKHOLM] 1--1966:9=-10

OFMAANs Se» MARTENSSON, Ae» LEANDERSSON. Reos PERSSON, A
1967

CF1L0-THYROID ANL VOCALILS MUSCLE ACTIVITY IN THE PROLUCTION
OF SWELISH TONAL ACCENTS?: A PILOT STUDY

GUARTERLY PROGRESS AND STATUS REPOR1 {ROYAL INSTITUTE OF
TECKNOLOGY» STOCKHOLM] 2'3"1967855'57

0STw&Lls Pe Fo 1963
SOLNLMAKING: THE ACOUSTIC COMMUNICATION OF EMOTION
SPRINGFIELD: CHARLES THOMAS

FELMER, He Eo 1922
FNGLISH INTONATION
CAMBRILGEs HEFFER

PALMERS, He Eos BLANDFORTH, F. Go 1939
p GRAMMAR OF SPOKEN ENGLISH € SECOND EDITION)
CAMERIUGEs HEFFER .

PERK'NS} We Heo YANAGAH!RAD N ‘968

PARAMETERS OF VOICE PROLUCTIONS 1. SOME MECHANISMS FOR THE
REGULATION OF PITCH

JOURNAL OF SPEECH AND HEARING RESEARCH 111246267




187’

PERSON, R 8o 1958 '

ELECTROMYOGRAPHICAL STUDY OF COORDINATION OF THE ACTIVITY
OF HUMAN ANTAGONIST MUSCLES IN THE PROCLSS OF DEYELOPING
MOTOR HABITS tRUSSIAN TEXT]

ZHURNAL VYSSHEI NERVNO1 DEJATELNOSTI IMENT 1. P. PAVLOVA
g:17-27

PETERSONs, Ges» LEHISTE, ILSE 1960
LURATION OF SYLLABLE NUCLEI IN ENGLISH
Jo'" 1AL, OF THE ACOUSTICAL SOCIETY OF AMERICA 323693-703

PIKE, Ko Lo 1945
THE INTONATION OF AMERICAN ENGLISH
ANN ARBOR: UNIVERSITY OF MICHIGAN PRESS

POPPER» Ko Re 1959
THE LOGIC OF SCIENTIFIC DISCOVERY
NEW YORK: HARPER AND ROW

POSTAL, Ps 1968
ASPECTS OF PHONOLOGICAL THEORY
NEW YORKs HARPER AND ROW

PROCTOR, D. Fo 1968

1HE PHYSIOLOGIC BASIS OF VOICE TRAINING

IN: SOUND PRODUCTION IN MAN, PP 208-28

£DITED BY: BOUHUYS», A. '

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 155.1

RABINER» Le Reo LEVITT, Heo ROSENBERG, Ae Eo 1969
INVESTIGATION OF STRESS FATTERNS FOR SPEECI SYNTHESIS
JOURNAL OF THE ACOUSTICAL SOCIETY OF PMERICA 45:92-101

RETHI, L. 1896

EXPERIMENTELLE UNTERSUCHUNGEN UEBER. LEN SCHWINGUNGSTYPUS
UNL DEN MECHANISMUS UER STIMMBAENLER BEI UER FALSET1-
STIMME '

S1TZUNGHERTCHTE DER KAISERLICHEN AKAUEMIE LER WISSENSCHAF TEN
(VIENNAD, MPTHEMATISCH-NPTURHISSLNSCHAFTLICHE KLASSE
105.33197-212

RINGEL» Re Les» STEER» Me Do 1963

soMt EFFECTS OF TACTILE ANV AUDITORY ALTERATIONS ON SPEECH
OUTPUT

JOURNAL OF SPEECH AND HEARING RESEARCH 61369-18

ROHRER, Fo 1916 . ‘
LER ZUSAMMENHANG DES ATEMKRAEFTE UNU IHRE ABHAENGIGKEILT VoM
DEHNUNGSYNOSTAND DER ATMUNGSORGANE
PFLUEGERS ARCHIV FUER DIE GESAMTE PHYSIOLOGIE DES MENSCHEN
UND. UER TIERE 1652419~ 44 ’

A

C ain 2

TR LYY

o g )

P




e e e o e w——

P

PR S S e, e RO SRR

-w  wT-

e —a - ——

e <+ s 200 6L INARSLIA 0. B AN v alds @b 1 RRISAL Y. WPRIPrRCN R ian wctta A 5 Wit - a rtn s e M MWMV'

188

ROUSSELOT, L ABBE 1924

FRINCIPES DE PHONETIQUE EXPERIMENTALE {NOUVELLE EDITION]
TWO VOLUMES

PARIS: He. DIPIER

RUSHWORTH, G. 1966

so4E FUNCTIONAL PROPERTIES OF DEEP FACIAL AFFERENTS

IN: CONTROL ANU INNERVATION OF SKELETAL MUSCLE, PP 125-33

ECITED BY: ANUREW, Be L.

EDINZURGH AND LONUON: LIVINGSTONE |

SAFORTAs S. 1965

REVIEW OF ¢ PSYCHOLOGY> $TUDY OF A SCIENCE=--STUDY 11

tLITED BY$ KOCHs S “A
LANGUAGE 41:95-100 -

€410, Te 1958 ‘
ON THE DIFFERENCES IN TIME STRUCTURE OF VOICED AND UNVOICED |
STOP CONSONANTS [IN JAPANESE) '
JDURNAL OF THE ACOUSTICAL SOCIETY OF JAPAN 143117-22

SAWASHINMA, Mes HIROSE, He. 1968
NE W LPRYNGOSCOPIC TECHNIQUE BY USE OF F 1BER OPTICS
JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA A31168-69 -

SAWASHIMA, M., SATO, M.» FUNASAKA, Se» TOTSUKA, Ge 1958

ELECTROMYOGRAPHIC STUDY OF THE HUMAN LARYNX AND 1135 CLINICAL
APPLICATION [IN JAPANESE)

JOURN/L OF THE OTO—RHINO-LPRYNGOLOGICAL SOCIETY OF JAPAN
61:1357-64

SCHANE, S« A. 1969

NATURAL PHONOLOGICAL RULES

PAPELR REALD AT THE 1969 UCLA HISTORICAL LINGUISTICS
CONFERENCE

SCHATZ, CAROL De. 1954
THE ROLE OF CONTEXT IN THE PERCEPTION OF STOPS
LANGUAGE 30:47-56

SCHEUER, Jo Le 1964 :
FIBRE S1ZE FREGUENCY pISTRIBUTION IN NORMAL HUMAN LARYNGEAL

NERVE '
JOURNAL OF ANATOMY 98199-104

SCOTT, N« Co 19239
AN EXPERIMENT ON STRESS PERCEPTION
LE MAITRE PHONETIOUE 1939344=45




189

SEN, As Co 1936 :

AN EXPERIMENTAL STUDY OF BENGALI OCCLUSIVES

IN: PROCEEDINGS OF THE SECOND INTERNATIONAL CONGRESS OF
PHONETIC SCIENCES, PP 184=93

CAMBRIDGE: UNIVERSITY PRESS , .

SHEN, YAO, PETERSON, G« G. 1962
JSOCHRONISM IN ENGLISH
STUDIES IN LINGUISTICS,» OCCASIONAL PAPER 9

SLEDD, Je 1955

REVIEW OF3 OUTLINE OF ENGLISH STRUCTUREL
BY: TRAGER» Ge Les» SMITHs, H. Les JR.
LANGUAGE J13312-4%

SMITH, S. 1944
THE DANISH STOD
COPENHAGEN?: KAIFER

SOKOLOWSKY» Re R. 1943

EFFECT OF THE EXTRINSIC LARYNGEAL MUSCLES ON VOICE
PROLUCTION

ARCHIVES OF OTOLARYNGOLOGY 38:355~64

SONNINEN, As 1954

IS THE LENGTH OF THE VOCAL CORDS THE SAME AT ALL DIFFERENT
LEVELS OF SINGING?

ACTA OTOLARYNGOLICA, SUPPLEMENTUM 118t219=31

SONNINEN, As As 1956

THE ROLE OF THE EXTERNAL LARYNGEAL MUSCLES IN LENGTH-
ADJUSTMENT OF THE VOCAL CORUDS IN SINGING

ACTA OTO- LARYNGOLOGICA, SUPPLEMENTUM 130

SONNINEN, A. 1968 ,

THE EXTERNAL FRAME FUNCTION IN THE CONTROL OF PITCH IN THE
HUMAN VOICE

INt SOUND PRODUCTION IN MAN, PP 68-89

EDITED BY: BOUKUYS, A.

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 155.1

SPUEHLERs He Fo 1962
DELAYED SIDE TONE AND AUDITORY FLUTTER
JOURNAL OF SPEECH AND HEARING RESEARCH 51124-32

STETSON, R. Hs 1928 .

MOTOR PHONETICS
AMSTERDAM: NORTH HOLLAND PUBLISHING CO.

192

Yooy




o ———

B iy PPy

" — e OB

P I LR

LYV

190

1

STEVENS, K. No 1968

PCOUSTIC CORRELATES OF PLACE OF ARTICULATION FOR STOP ANU
FRICATIVE CONSONANTS

%UARTERLY PROGRESS REPORT (MIT) 891199-20S

ETEVENS, Ko No» HALLE, M. 1967

REMARKS ON ANALYSIS BY SYNTHESIS AND DISTINCTIVE FEATURES
IN: MOLELS FOR THE PERCEPTION OF SPEECH AND VISUAL FORM,

i PP ge-102

GhvERIDGE: MIT PRESS

YRENGER, Fo 1959

#ET1-0DS FOR LIRECT AND INDIRECT MEASUREMENT OF THE SUB-
CLOTTIC AIR PRESSURE IN PHONATION

STUDIA LINGUISTICA CLUND) 13:98-112

SWEET,» He 1877
£ HANUBOOX OF PHONETICS
OXFORU: CLARENDON PRESS

SWEET, He 1911
FHONETICS
IN: ENCYCLOPEULIA BRITTANICA, ELEVENTH EDITION, 21:458-67

TRAGEKS, Ge Lo, SMITHs He Les JRe 1951

AN QUTLINE OF ENGLISH STRUCTURE

NORMAN: BATTENBY PRESS

ALSO: STULIES IN LINGUISTICS, OCCASIONAL PAPER 3

TRUEY, H. M., LIND, J. 1965
CkY SOULNDS OF THE NEWHBORN INFANT
IN: NEW BORN INFANT CRY, PP 7-60
EUITED BEY: LINU, J.

LPPSALA: ALMEVIST AND WIKSELLS

WMELA, NORIKO, TERANISHI, R. 1946

PHONEMIC FEATURE AND VOCAL FEATURE-=SYNTHESIS OF SPEECH
SOUNDS, LUSING AN ACOUSTIC MODEL OF VOCAL TRACT

JOURNAL OF THE ACOUSTIC SOCIETY OF JAPAN 221195-203

VANDERSLICE, R. 1967

LARYNX VERSUS LUNGS: CRICOTHYROMETER DATA REFUTING SOME
RECENT CLAIMS CONCERNING INTONATION AND ARCHETYPALITY

WORKING PAPERS IN PHONETICS (UCLA) 7169-79

VANUERSLICE, R. 1968A

SYNTHETIC ELOCUTIONS CONSIUERATIONS IN AUTOMATIC
ORTHOGRAPHIC=-TO-PHONETIC CONVERSION OF ENGLISH WITH
SPECIAL REFERENCE 1C PROSODIC FEATURES

WORKING PAPERS IN PHONETICS CUCLA) B

103




)

414

. - -

191

VANDERSLICE, R. 1968B ' :

THE PROSODIC COMFONENT: LACUNA IN TRANSFORMATIONAL THEORY
RANUD CORPORATION PUBLICATION P-3874

VENTSOV, A. Ve.» KOZHEUNIKOV, Ve Aer KUZMIN, YU I
CHISTOVICH, LUDMILLA A. EDITORS. 1966

MEKHAN] ZMY RECHELOBRAZOVANIYA I VOSPRIYATIYA SLOZHNIKH ZVUKOV
MO ECOWS NAUKA

WANG, We S-Y. 1962
STRESS IN ENGLISH
LANGUAGE LEARNING 12:69-75

WANG, We S-Y. 19617

PHONOLOGICAL FEATURES OF TONE

INTERNATIONAL JOURNAL OF AMERICAN LINGUISTICS 33:193=-105
WANGs We S=Y. 1968

THE BASIS OF SPEECH

PROJECT ON LINGUISTIC ANALYSIS (BERKELELYJ). SECOND SERIES, 4

WENRICKs Jo Eo 1931

STIMULATION OF MUSCLES IN THE LARYNX TILTING THYROID
UOWNWARD ON THE CRICOID LOWERS PITCH

ARCHIVES NEERLANDAISES DE PHONETIQUE EXPERIMENTALE 6:92-100

WOLFF» Pe He 1966

1HE NATURAL HIST10RY OF CRYING ANL OTHER VOCALIZATIONS IN
EARLY INFANCY

IN: DETERMINANTS OF INFANT BEHAVIOR IV

EDITED BY: FOSS, Be. M.

LONDONt MENTHUEN

YANAGIHARA, Ne¢» VON LEDEN, H. 1966
THE CRICOTHYROID MUSCLE DURING PHONATION
ANNALS OF OTOLOGY, RHINOLOGY, AND LARYNGOLOGY 75:987-1006

ZENKER, We 1964

DI SCUSSION IN: RESEARCH POTENTIALS IN VOICE PHYSIOLOGY
ELDITED BY$ BREWER, Do W.

NEW YORK: UNIVERSITY PUBLISHERS

ZENKER, We» ZENKER, A. 1960

UEBER DIE REGELUNG DER STIMMLIPPENSPANNUNG DURCH VON AUSSEN
EINGREIFENDE MECHANISMEN

FOLIA PHONIATKRICA 12:1-36

194

. e

b aendiadii acagn = o hant LY oo !;'7 -

P

——

i e e o s e




P VN

Ak it >

192

ZIMMER, K. Eo 1968

PSYCHOLOGICAL CORRELATES OF SOME TURKISH MORPHEME STRUCTURE
CONDITIONS

PROJECT ON LINGUISTIC ANALYSIS REPORTS [BERKELEY), SECOND
SERIES, 8:1-25

ZWAARLEMAKER, He 1915

LEERBOEK DER PHYSIOLOGIE VOLUME 2
HAARLEM: LE ERVEN BOHR

Flisberg, X. and Lindholm, T. (1970) Electrical stimulation
of the human recurrent laryngeal nerve during thyroid
operation., Acta Otolaryngologica 263:163-67,

Promkin, Victoria A, and Ohala, J. (1968) Laryngeal Control
and a Model of Speech Production. Preprints of the
Speech Symposium, Kyoto, 1968, Reprinted with orel

version ins Working Papers in Phonetics, UCLA, 10198«
110,

Hixon, T, J., Mead, J., and Klatt, D, H, (1970) Influence
of forced transglottal pressure changes on vocal
fundemental frequency, Paper read at 80th meetlngl

ag,

of the Acoustical Society of America, Houstion, Te
4 November 1979,

t

Martin, S. (1956) Review of Manual of Phonology by C., Hockett,
Language 55,701, 5
Negus, V, E. (1949) The comparative anatomy and physiolégy
of the larynx., New York: Hafner Pudblishing Company.

Peterson, G. E, (1958) Some observations on speech. ;
Quarterly Journal of Speech 44,402-412, |

i
!

185

-4

o




