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ABSTRACT

In this study the dynamics of 1lip rounding are inyestigated.
Lower lip protrusion was measured in a frame-by-frame analysis of six
high-speed (66 frames/sec) cinephotographic films: three for English
(with one speaker) and three for French (with three different
speakers).

A corpus of utterances was constructed for each film sep-
arately using results and hypotheses derived from previous film(s).
With the techniques applied in this study, no reliable method of deter-
mining onset of rounding could be established for English and thus the
effect of syllable and word boundary position on coarticulation
patterns could not be determined. Consonant context appeared to have
a greater effect on timing of extremum protrusion with respect toacous-
tic onset of the vowel, than did degree of stress.

For French, there was evidence to suggest that coarticulation
of rounding may be phonemic. Although the data were'limited, it was
.observed (for one pair.of "minimal"” sequences said by one subject)
that the onset of rounding occurred later than reported by Daniloff and
Moll (1968) for English or by Kozhevnikov and Chistovich (1965) for
Russian, As in the case of the English data,Ano obvious difference in
timing Qf extremum protrusion was found for variations in stress for
the French data.

It was concluded that fof both English and Frendh some of the

basic assumptions of the experiment were untenable. In particular,
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it is guestionable that a point of onset of rounding before, during,
or after a consonant cluster can bé specified without first systemat-
iéally determining the amount of protrusion which is associated with
each consonant in isolation and then in various contexts. It is
apparent from the data that coarticulation of rounding is likely to
be influenced by other parameteré such as intonation, stress and
phonetic (in partiéular consonantal) context. Future research should
-attempt to control as many of these parameters as possible before

significant patterns (if they exist) can be observed.
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CHAPTER 1

INTRODUCTION

The study of language and its structure includes investiga-
tions of.how finite units of speech are combined and organized. Two
approaches, one intuitive, the other experiméntal, have been used to
examine the felationéhip between speech and the units of which it is
composed. Although the two approaches are discussed independeﬁtly
here, it is recognized that the results of both methods must eventually
be brought together and lead to the same conclusions if significant
information about speech is to be revealed. The two approaches cannot
be considered independent from each other for initially all experimenfal
hypotheses are based on introspection and direct observation and
ultimately all theories must bé experimentally verified before they can
be accepted as truths.

In the intuitive approach, linguists postulate ''rules’ basedon
direct observations of language. They abstract information from what
they know about language and expand this information to form a set of
rules accounting for the hierarchy of commands which appear to be
involved in speech production. Interms of the levels of adequacy of a
theory proposed by Choqsky (1965) inhis discussion of generative gram-
mars, this intuitive approach may be considered to have reéched the
first, or descriptive, level of adequacy. According to‘Cthéky's
definition, it can be said to be justifiedon externai grouﬁds to the

extent that it correctly describes the phenomenon. The aim, then, of



an intuitive approach to the gtudy of language organization is to prog-
ress from this descriptive level to a deeper explanatory ievel which
includes justification of the rules on internal, rather than external,
grouhds.

The second way of investigating the structure of speech is an
experimental one. In this approach an attempt is made to determine what
occurs during speech production by observing spe;ific aspects of the
speech process through appropriate experiments.\ By incorporating the
‘results and conclusions of such research into a single theory, anover-
all picture of the composition of speech should emerge. .

Coarticulation studies represent one area of experimental
reséarch investigating .the dynamic aspects of speech production. Thé
study of non-static parameters of speech has increased in importance in
the last decade as it has become obvious thét the investigation of
invariant characteristics reveals little about relationships which unite
these characteristics in running speech. Speech synthesis studies, in
particular, have shown that it is not enough to simply specify static
parameters of speech sounds, rather it is necessary to understand and
delimit how the parameters change and influence each other as a function
of time, speaking rate and stress, etc. Coarticulation researchattempts,
among other things, to specify these dynamic relationships. By observ-
ing a particular aspect of a speech sound, variations of that feature
can be determined in the overall progression of a speech sample. Inthis
way, larger phonological units can be delineated and information about the
possible hierarchy of commands which serve to éodrdinate speech production

can be established.

The dynamics of articulation are most profitably investigated at



the physiological level. Suph studies involve the direct observation
and measurement of the behaviour of the main articulators, tongue, velum,
teeth and jaw, and lips. Activity of internal articulators may best be
observed by means of X-ray cinematography, a procedure which has two
ma jor disadvantages which limit its effectiveness as a research tool.‘
The main drawback to this technique is that only smail amounts of data
can be obtained per subject because each person can be exposed to onlya
limited amount of radiation. The second drawback is that this technique
usually requires a slow apd tedious frame-by-frame aialysis of the data.
In spite of these limitations, cineradiography still remains the most
effective way of observing movement of internal articulators. On the
other hand, the external articulators, i.e., the jaw and lips, may be
observed more directly by cinematographic and photo-oscillographic
techniques. Fujimura (1961), for example, used the former method inhis
study of lip movement, while Kozhevnikov, Chistovich et al. (1965) used
the lattef in their examination of the dynamic behaviour of the lips.

The inaccessibility of cineradiographic:equipmentzuniconsidera—
tion of the 1imitations of the X-ray procedure mentioned above, led to
the selection of the filming of the lips as the research method for the
present coarticulation study. The purpose of the project is toinvesti-
gate the phonetic feature ''rounding” as it is evidenced in certain
English and French utterances containing rounded vowels. Changes in
height, width and area of mouth oﬁening, plds lower lip protrusion as
possible representations of "lip rounding” can all be observéd and meas-
ured by a frame-by-frame analysis of high—speed movies.

Similar experiments examining lip rounding have been carried out

by Kozhevnikov and his colleagues (1965) and by Daniloff and Moll (1968).



In their study of Russian, Kozhevnikov, et al., reportedly established =
a coarticulatory unit over which the vowel /u/ appeared to have an
influence. They postulated that this unit is not constrained by so-
called "syllable" or "word" boundaries. Daniloff and Moll, using a
cinefluorographic method*, extended the earlier study in order to deter-
mine how many phones are coarticulated with the vowel /u/ in English.
The objective of tﬁe experiment reported in this paper is to inves-
tigate fufther the influence of 1lip rounding on adjacent phones. The
study includes an analysis_of both English and French data and attemptg
to specify limits for the extent of this influence.  The observed
boundaries of lip rounding may 6r may not correspond to those of estab-
lished phonological units but they must, nevertheless, be investigated
in relation to them. Such uﬂits as the syllable, the word and the
breath group, will therefore be considered,and discussed in terms of

the experimental results.

* (a cineradiographic techunique which decreases the amount of
radiations a subject isAsubmitted to).



CHAPTER 2

SURVEY OF RELEVANT LITERATURE

2.0 Introduction

The survey of the literature relevant to this research experi-
ment is presented in five sectiomns. Section 2.1 is an overview of some
definitions of the syllable unit. Section 2.2 discusses the idea of
the syllable as a unit experimentally investigated and defined by
examination of specific linguistic features. Included is a summary of
the application of such research to this experimenf. Section 2.3
discusses and defines phonological units larger than the syllable which
may be applicable to the interpretation of the present research
results, Section 2.4 discusses the parameters used to define "round-
ing” and Section 2.5 is a review of the techniques available fof

obéerving lip rounding.

2.1 The Concept of the Syllable

The purpose of the following discussion is to survey some of the
définitions which have been applied to the term "syllable” in order to
illustrate the complexity and ambiguity which arises when one attempts
to delimit speech production units. The present research is aimed at
establishing the domain of influence, if any, of one phonetic feature
of a vowel (1ip rounding), on other sounds in a sequence. The unit

~

possibly delineated by this ''domain of influence' may be directly



related to phonological units such as syllables, The syllable hés, how-
ever, been variously defined and it is necessary to look at some of these
definitions in order tb explain the application of the tefm in this co-
articulation experiment.

Intuitively most speakers of a language have a notion of what a
syllable is. Given a possible sequence of phones in his language, a
speaker can usually state how many syllables there are in that string.
Although the person realizes that such units exist, it is difficult for
him to specify what criteria he uses to come to his conclusions., To the
nagve speaker the syllable is merely a unit larger than a single'speech
sound but smaller than a word. The number of vowel sounds is likely to
indicate.the number of syllables. He may reason that his "feeling" for
the speech syllable correlates with his ability to define the meter or
pattern of poetry: in poetry each vowel carries a major or minor stress,
in speech each vocalic element represents a part of one syllable.

The speaker of English relies solely on his intuitive ability to
locate syllables for there are no explicit rules which specify how such
a decision is to be made. This intuition has been used in such speech
research_as the investigation of prosodic features, including syllable
timing and stress. Allen (1970), for example, reviewed some of the
literature in this area and examined the validity of using subject intui-
tion to establish stress timing in a given language, He concluded that
there was a ;orrelation betweeﬁ the subject's intuitive notion of the
role of the syllable in the rhythm of the utterance and the éubject's
ability to tap at the occurrence of each syllabie. That is, ﬁarticularly
for maximally stressed units in the utterance, the subject's tapping

marks fell consistently within the stressed syllable.



A prescriptive definition of the syllable in some languages
supplements the intuitive notion described above. Speakers of French,
for example, are taught ''rules' for dividing words into syllables.
Given a string, CVCVCV, the French speaker would divide it into the
series of open syllables, CV-CV-CV. Similarly, there are rules for .
determining which consonants of a cluster belong to which syllable.

In the sequence CVCCV, for example, if the consonant cluster is a
possible initial word cluster then it is not split and the syllable
division yields Cv-CCv. 1If, however, a cluster cannot be found ini-
tially in a word, then it is split to give CVC-CV,

The linguistic approach to defining the syllable has been to
specify features at either the centre of such units or at the boundary
between consecutive ones. DeSaussure (1915), for example, defines the
syllable in terms of the point marked by passing from implosion to
explosion in a chain of sounds. Here his use of the word 'implosion'
is not the same as that in normal phonetic use where it usually refers
" to consonants formed on an ingressive air stream., DeSaussure applies
the terms implosion and explosion to the closure and release of sounds.

>« . >

In the sequence appa, for example, the first /p/ results from closure,
the second /é; from release. According to deSaussure, the syllable
boundary, therefore, lies between these movements. Stetson (1945)
interprets and summarizes deSaussure's point of view thus:

Saussure taught that the syllable is a basic

unit in which the phoneme has a function,

The explosive phase of the syllable consisted

of the progressive opening of the vocal canal

by one or more phonemes. The implosive phase

then begins the progressive closure of the

vocal canal by one or more phonemes. Saussure

describes the phoneme in auditory terms but in

his phonological theory they are articulatory
functions. (p. 17).



Rosetti (1959), Stetson (1945), and Pike (1943) described central
aspects of the syllable in defining this unit of speech production., To
Rosetti the syllable was determined by the air stream--the centre . of the
syllable being that part in which there was movement of air. A series
of stop consonants could not, therefore, form a syllable, while a series
of consonants, in which at least one was a continuant, could, Similarly,
the vowel portion of a sequence would constitute the central distinguish-
ing syllabic feature of that sequence.

Stetson (1945) studied the respiratory muscles involved in speech
and used his data to define a syllable. He said that:

The syllable is a fusioh, a concurrence of

movements and not a mere series of sounds.

(p. 47).
Stetson stated further that:

The basic elementary movement of speech is

the chest pulse of the syllable; and the

series of these pulses grouped into feet,

into breath groups and into phrases make up

the train of syllables. (p. 50).
According to Stetson, the syllable so formed is made audible by a vowel
and is started (released) and stopped (arrested) by the intercostal
muscles of the chest or by complete or leaky closure of a consonant
articulation. (p. 52).

Pike's (1943) articulatory definition of the syllable was based
on Stetson's chest pulse theory but emphasized strictural functions.
Strictures were defined as partial or complete closures of an air pas-
sage. He stated that:

A syllable is a single unit of movement of
the lung initiator which includes but one
crest of speed., Every occurrence of an in-
itiator time bulge followed by renewed speed
of the initiator movement is a trough or
border between two syllables. Physiologic-

ally, syllables may also be called chest
pulses, (p. 116).




He elaborated on this theory in order to define the centre of the syl-

lable:
The segment during which the speed of the
initiating movement is greatest in the syl-
lable is the syllabic.....all other seg-
ments in the syllable are nonsyllabics.
The syllabic may be considered the func-
tional centre, nucleus or crest of the syl-
lable. (p. 117).

The linguistic specifications of the syllable discussed above
have been divided into two groups depending on whether the theorist
emphasized central or terminal aspects of the unit under considera-
tion. From another point of view, however, the definitions belong in
a single group since they are similaf in that all define the syllable
in terms of specific linguistic features., The features differ in each
casé (intensity, airflow, etc.), and thus the unit which is established
differs depending on which feature is specified, but the principle
remains the same. That is, although, deSaussure, Pike, Stetson and
Rosetti define the syllable in terms of points within the unit (begin-
ning, middle, or end), they can also be seen to define the syllable in
terms of the extent of influence of a single parameter. The resulting
units ("syllables') are unlikely to be the same for all criteria used.
Investigations using this principle of defining units with reference
to dynamic parameters is presently an important area of linguistic
researéh. There are man; studigs which have attempted to experimentally
delimit units of speech production by observipg one feature and
establishing ifs boundaries, its onset and offset, within larger

phonological units. Some of this research and its application to the °

present experiment is discussed in the following paragréph;



2.2 Experimental Studies Attempting to Delimit Speech Production
Units

Many approaches ha?e been used in attempts to delimit "units
of speech production’. Temporal relationship studies, studies of speech
errors and coarticulation research represent some of the areas of
linguistic endeavour relevant to this investigation and will thus be
surveyed below. First, however, it is necessary to note the distinc-
tion between a phonetic and a phonemic unit. A phonetic syllable (if
such a unit exists) is a syllable in which the unit of org;nizationis
‘defined by the same criteria for all languages investigated. If, how-
ever, there is evidence that the "syllable' limits or defining
parameters are not independent of the language under study, then one
must assume that "syllabicity" is phonemic. It may be seen from the
results of the literature reviewed below that syllable units are lan-
guage specific rather than language universal,

The temporal relationships in monosyllabic and disyllabic
English words were investigated by Lehiste (1971) who established that
temporal‘compensation exists between pairs of segments as well as
within the segments that constitute the word. This internal cohesive-
ness of component parts of words leads Lehiste to support a theory
that words may be characterized by other factors than those established
by reference to word boundaries, The observed internal cohesiveness
is an impoffant point for departure when studying the component features
which make up phonological units as a whole. Thus it is relévant to

monitor one parameter, such as '"'rounding”, and determine if it has any

predictable boundaries or extent of influence within continuous speech.



Fromkin (1971) collected numerous speech errors and, rather
than classify them, explained them in terms of units of linguistic
performance. In particular, she found that when errors occur by sub-
stitution there is a consistency of replacement--initial segments
replace initial, final replace final, etc. According to Fromkin, her
data support a concept of the integrity of the syllable structure.

She states that:
In a string CVC#VC...CV#CVC, one never
finds in errors a substitution of the
final consonant of the first word for
the initial consonant of the final word
«e...(this) seems to contradict the
position taken by Kozhevnikov and
Chistovich, 1965, where the suggestion
is made that in the production of Rus-
sian utterances a CVC#VC sequence is
reorganized into articulatory programs
for each CV sequence. (p. 39).

The work by Kozhevnikov, et al., (1965) (referred to by Fromkin)
contains coarticulation studies relevant to the present research proj-
ect. Kozhevnikov and his colleagues used various techniques, including
electromyography, photography and dynamic palatography, in an effort
to determine the composition of an "articulatory program’” and to gain
insight into the organization of a syllable. Their investigations
covered such phenomena as the movements of the lips in protrusion, the
time relations within a complex of consonants and the disturbances of
articulation which occur under conditions of delayedauditory feedback,
Of particular relevance to the present study is an experiment in which
they observed movements of the lips in strings of consonants preceding
rounded vowels, From the data analyzed in this, and other experiments,

they concluded that an articulatory program is constructed ‘according

to a type of open syllable of the CV type.



In an early investigation of articulatory phenomena Fromkin
(1965) studied the action of the orbicularis oris muscle during produc-
-t N

tion of specific CVC monosyllables. She stated that the aim of her
project was:

to test the possibility of correlating

linguistic units such as phonemes or

distinctive features with neuromuscular

activity. (p. 118).
Her finding that certain phonetic features (i.e., rounding; tense/lax)
can be described with reference to neuromuscular activity is of interest
here in a discussion of units of speech production. In particular,

Fromkin concluded that:

This study of just one muscle, leads one

to imagine the possibility that further

investigation of all the muscles involved

in the production of any one speech sound

may provide a means of segmentation of an

utterance into phonemes. (p. 169).
This concept of segmentation of units by means of physiological para-
meters has been used in other coarticulation studies to group individual
phonemes into larger production units,

Ohman (1966) reported a spectrographic study of Swedish, Amer-
ican and Russian VCV clusters. He concluded that such utterances are
not simply linear sequences of successive gestures. The vowel context
influenced each utterance, the production of the VC part depending on
the final vowel of the VCV sequence while the CV portion was dependent
upon the preceding vowel. The author stated:

We have clear evidence that the stop con-
sonant gestures are actually superimposed
on a context-dependent vowel substrate

that is present during all of the con-
sonant gesture. (p. 165). '



Carney and Moll (1972) reported the same conclusion when they
extended the study to include fricative consonant-vowel coarticula-
tions.

MacNeilage (1969) evaluated a model of speech production based
on discrete phoneme commands by investigating electromyographic and
cinefluorographic data of 36 CVC syllables. His results did not show
any effects of initial and final consonants on each other but his data
indicated contextual effects between adjacent phonemes. He concluded:

There was a difference in some aspects of

the motor control of every vowel and final

consonant in the study depending on which

of the possible phonemes preceded it.

(p. 1222).
Although less frequent, there were similar right to left effects, those
observed in the initial consonant béing greater than those in the
vowel. He postulated a "compatibility' and gamma loop mechanism to
explain the left to right effects and an anticipatory mechanism for
the right to left effect. In this latter discussion he considers that
because the effect of the vowel on the preceding consonant is greater
than that of the final consonant on the vowel, a tentative conclusion
can be made that in English:

in this type of syllable, the CV component

is a somewhat more cohesive or interdepend-

ent portion of the total command structure

than is the VC component. (p. 1233).
In this belief he is in agreement with similar statements by Kozhevnikov,
et al., (1965) about Russian syllables. He stated, however, that he does
not agree with:

the conception of the consonant and the

vowel as independent commands coarticulated

by means of mechanisms of reciprocal
innervation. (p. 1233).

He postulated that:



the relatively greater freedom and perhaps

greater necessity to begin articulation of

the vowel during the consonant may be causal

factors in the development of the relatively

cohesive command structure of the CV se-

quence., (p. 1233).
Although MacNeilage's data, like the Russian research, shows that CV
is a cohesive unit, it must be noted that his data is not in agreement
with other research findings concerning the same language (English)
that he was investigating. Lehiste (1971), for example, found a closer
relationship between VC than between CV sequences in her temporal
relationship studies.

Daniloff and Moll (1965) have reported an investigation of 1lip
rounding similar to that presented here. They took as their basis the
reference to "articulatory syllables” made by Kozhevnikov, et al.
(1965). They stated that the purpose of their cinefluorographic study
of lip protrusion was:

to determine over how many phones in a-

string coarticulatory lip-rounding gestures

could be observed and to study the effects

of rate of utterance, word and syllable

boundaries, and phonetic structure on such

coarticulation. (p. 709).
Their results agree with those of Kozhevnikov, et al., i.e., that
coarticulation of lip protrusion was evident in up to as many as four
consonants preceding the vowel. It must be noted, however, that in all
of the speech samples in which four consonants preceded the vowel, a
"rounded" consonant, /r/, immediately precedes the vowel and possibly
affected the data,

Daniloff and Moll discuss their data in relation to the

"articulatory syllable” postulated by the Russian authors. They suggest

that although their work on English is consistent with the model



proposed by Kozhevnikov, et al., further research is necessary with
other "adequately defined features" in order to determine the boundaries
of such features. They are not convinced that their data establishes

é boundary of the rounding effect of the vowel., They state that:

The fact that 1lip rounding has been found
to extend back only to the beginning of a
prevocalic consonant sequence does not
imply necessarily that this time point
marks the boundary of some unit,

(p. 720).

Daniloff was led to his contradiction of Kozhevnikov's "articulatory

syllable” because his record of onset of the lip protrusion gesture
. N

with reference to the initial consonant was not exactly the same as
that of the Russians., He says that:

Kozhevnikov and Chistovich described this
gesture as beginning simultaneously with

the closure phase of the first consonant

in the sequence. In the present study,

most of the protrusion gestures observed
began before the first consonant contact,
near the point in time at which articulatory
movement toward the contact was initiated.
(p. 717).

The present research is an attempt to investigate further the
coarticulatory effect of 1lip rounding'studied by Daniloff and Moll.
Both English and French are used in this effort to provide additionél

evidence to support or reject Kozhevnikov's "unit of articulation”.

2.3 "Phonological Units Other Than The Syllable

The purbose of the detailed discussion of the ''syllable' in
the previous Section was to define this term and illustrate its
applicability to the present research, It was hypothesized that, if the
feature "rounding” has an influence on preceding phones, then the extent

of the influence is likely to be of syllable size. As noted earlier,



Kozhevnikov, et al., (1963) have in fact postulated a unit called an
"articulatory syllable'. However, the possible coarticulatory influence
over larger phonological units cannot be ignored. Some units which may
be relevant to the interpretation of the immediate experimental results
include Fhe word, the stress group and the breath group. Only a brief
definition of each of thgse'terms is given below as their meaning is
not as obscure as that of the syllable.

Words are minimal free forms which have semantic meaning. They
are units specified by semantic rather than articulatory or acoustic
criteria. The form of a word may vary with respect to the number of
phones of which it is composed, with respect to its pattern of
syllabification and with respect to the position and amount of stress.
Because words vary so much in form it is unlikely that they are the
unit over which coarticulation takes place. They are, however, of
interest to a coarticulation study if there is evidence that coartic-
ulatory patterns are influenced by the presence or absence of word
boundaries within a sequence of phones under investigation,

Pike (1969) has listed the ''stress group" as one of the three
"natural units of sound”. The other two were the segment (phone) and
the syllable. According to him:

a stress group is a sequence of several
syllables one of which, the stressed

syllable, has a much stronger initiator
pressure than do the others. (p. 119).

Heffner (1949) referred earlier to these stress units as 'speech
measures, phrase groups or sense groups''. He contended that these
units are necessary to the phrasing of even larger "breath groups'--

that is, units between which a breath is, or may be, taken in
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(p. 173). Similar definitions were presented more recently by Moses

(1964). He stated that:

A speech measure (or rhythmic group)
consists of one or two (seldom more)
stressed syllables, usually accompanied
by several semi-or unstressedsyllables,
and 'delimited by facultative pauses'.
A breath group is made up of one or more
speech measures between pauses, at
which breath is taken. (p. 129).

N

2.4 Parameters for Defining ""Rounding"

In order to use the term "rounding' to describe an entity whose
variation through time can be both observed and measured, it is first
necessary to establish an operational definition of the term and the
parameters used to specify it., This section attempts to define the
term as it is applied to the present experiment and surveys some of
the recent research directed at determining parameters of ''rounding'.

Two kinds of ""rounding'" have been referred to in the literature
and each has been variously defined. Terms such as inner rounding
versus outer rounding (Sweet, 1908), horizontal lip rounding versus
vertical lip rounding (Heffner, 1950) and lip rounding versus lip
compression (Ladefoged, 1970) have all been used to describe labial
activity. It is not the purpose of the present experiment to attempt
to examine or verify the existence of the two types of rounding which
have been discussed in the literature. Rather the aim of this investiga-
tion, like other coa;ticulation studies, is to experimentally examine
one aspeét of speech in an effort to determine some information about
how it changes as a function of time. The speech aspect_of_interest
to the present experiment is here termed "rounding”. In particular
"rounding” will refer to that activity of the lips which is observed as

"lip protrusion'.



A number of studies report attempts to delimit parameters which
adequately specify labial activity. Fujimura (1961) used measurements
of mouth opening to quantitatively describe the articulatory movements
under study in his investigation of bilabial stop and nasal consonants.
Midsagittal lip separation and horizontal extent of lip separation were
measured as a function of time. These measurements were then used to
provide data for estimatiné area of lip opening.

Lindblom (1965 a, b, c) has proposed a "difference curve" to
represent lip activity. He computed jaw-dependent neutral positions
associated with labial paramefers and from these positions established
the amount of labial activity by determining the amount of deviation
from the neutral position., These mathematical representations of 1lip
activity could then be used to show the variation, as a function of
time, of parameters such as "'spreading'. In the case of the sequence
/ adod /, for example, the position of the lips changes from a spread
(+ "spread") to a rounded (- "spread’) condition as the vowel changes
from /a/ to /2/.

Fromkin (1964) reported on photographic, X-ray and plaster cast
data used to determine some characteristicbparameters of 1lip positions
in American English vowels. She concluded that the set of rounded
vowels can be distinguished from non-rounded vowels by a description of
lip height, lip width, and lower 1lip protrusion. She also noted that
within the set of "rounded" vowels so established, /u/ always has the
minimum value on both height and width dimensions.

In a later stuﬁy (1965), Fromkin investigated certain phonetic
features through the observation of muscular activity. Speéifically,

she recorded the onset of electromyographic activity of the orbicularis

oris muscle, in order to determine its function in the production of 12



vocalic and three consonantal phonemes of American English. She found
that degrees of muscular tension distinctly separated rounded and un-
rounded vowels. In choosing the rounded/unrounded distinction she
noted that:

The term "rounded”’ in reference to American

English vowels is misleading, since for the

most part only protrusion of (the) lower

lip is involved. (p. 121).

Perkell (1969)refersto Fromkin's findings in his report of a
cineradiographic study of certain physiological aspects of speech
production. Three of the measurements he made were upper lip protrusion,
lower lip protrusion and height of 1ip aperture. His data show that
there is a difference in timing between lip protrusion and aperfure
constriction for /u/ and /0 /. He concludes, therefore (in agreement
with Fromkin), that the two activities have independent functions.

Lip protrusion was also the parameter used by Kozhevnikov, et
al., (1965) in their studies of "articulatory syllables''. They also
used electromyographic techniques to record the activity of the
orbicularis oris muscle of the lower lip and so obtain measurements for
the amount and time of lip profrusion.

Similarly, Daniloff and Moll (1968) in their coarticulation

studies of lip rounding measured only lip protrusion. To them, this

parameter provided an adequate indication of the phonetic feature

1Al

being studied and was therefore used’ synonomously with the term "'lip
T ~

rounding .

2.5 Techniques for Observing Rounding of the Lips

Several instrumental techniques reported in the literature have

been used to investigate the phonetic feature "rounding". The one most
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practical for the proposed experiment from the point of view of avail-
ability of equipment is that of direct cinematogréphy. In a study of
the articulatory movements involved in the production of bilabial

stops and nasal'consonants, Fujimura (1961) took motion pictures of the
lips at 240 frames per second. A stroboscopic light provided a syn-
chronized flash for each frame., Utterances were simultaneously recorded
on one track of a hagnetic tape while a pulse train, synchronized with
the flashes, was recorded on the second track. The cinematographic
procedure has several .drawbacks, the most important being that it is
often 'necessary to sacrifice accuracy of observation of fast varying
phenomeha because of the limited frame rate of the camera. 1In addition,
photograpbic data must be procéssed by hand, a factor which must be
‘considered when deciding upon the filming speed to be used and wﬁen
determining the amount of human error affecting the results.

Taking into account the drawbacks of Fujimura's photographic
method, Kozhevnikov, et al,, (1965) devised a photo-oscillographic device
fér observing 1lip movement. In this method the moving objeci, the
lips, were photographed through a narrow slit on a film which moved
continuously at a constant rate. Adhesive tape or theatrical paint was
‘placed on subject's lips for recording the vertical and horizontal
Aimensions of lip movement and, depending upon which dimension‘wasbeing
investigated, the photorecording device was placed so that the film
moved in a horizontal or vertical direction. Displacemeﬁts of threads
attached to the lips by adhesive tape were similarly photographed
and used to record movement in the sagittal plgne; The osciliograms,
which were simultaneously made, were magnified or copied onto

grid paper and analyzed to give information on lip movement in



the three planes. ~

Daniloff (1968) used cinefluorography in his investigation of
lip rounding. Lateral X—rays.were made at a camera speed of 150 frames-
per-second. A strip of thin aluminum foil was affixed to the midline
of the tongue tip, and the midline of the tongue and hard palate were
coated with a barium sylphate solution in order to aid‘in identifying
these structures. Lip protrusion measurements were obtained by super-
imposing film tracings on a template containing the lower jaw outline
and perpehdicular reference lines.

Electromyography is the method most frequently reported in the
recent coarticulation studies of lip movement, (Kozhevnikov,et al.,
1965; Fromkin, 1965; Tatham, 1968; MacNeilage, 1969). Bipolar electrodes
are used in this method to register electrical activity of muscle units.
The surface electrodes used by Fromkin (1965), for example, in her
study of the orbicularis oris muscle, consisted of half a hollow silver
bead connected to a suction pump which maintained a negative pressure
to enable the bead to adhere to the lips. The electromyographic
signals recorded by the electrodes used by Fromkin were first amplified
and then displayed on an oscilloscope. The audio and electromyographic
signals were recorded §n a mulﬁichannel tape recorder. These record-
ings were then played back and displayed by means of a graphic recorder
for measurement and interpretation of the data.

The measurement of electrical impedance changes between electrodes
placed on the lips is another recent method of observing their action.
Various pickup devices were experimented with by Kozhevnikov, et al,,
(1965) and used to record the movemegts of lip closure rather than iip

rounding. The most successful method they described was made of a round



plexiglass clamp attached to the lower lip. A needle-like gold contact
was fastened to the clamp and a fine steel ring mounted above. The
small contact clearance and the flexibility of the spring assured that
the contacts touched when a slight pressure was exerted on the lip
pickup. The contact closed the circuit and a sinusoidal signal was
fed to the recording system. (p. 25).

Some preliminary experiments have been made by Ludvigsen (1968)
using high frequency electrical impedance measurements to register lip
pressure and rounding. He placed four electrodes on the lips--one at
the midline of each lip and one in each corner of the mouth--and
simultaneously recorded the horizontal and vertical impedances by means
of two electroglottographs. Neither labiogram gave reliable informa-
tion about the desired parameters. He concluded, however, that:

The labiograms give a great deal of informa-
tion concerning the position and movements
of the lips. This information might be used

to throw light on other features than lip
pressure and rounding of the lips. (p. 6).



CHAPTER 3

AIMS OF THE INVESTIGATION

The researqh experiment reported here was designed to delimit
paramete?s of lip movement which are representative of the phonetic
feature "rounding“ and to observe the variation of these parameters
as a function of time in specific English and French utterances. 1In
partiéular the aims of the investigation can be summarized as
follows:

1. To determine if the feafure rounding can

be quantified in terms of some measurable
parameter (s) and if so which one(s).

2, Tb develop a reliable experimental technique

to investigate coarticulation of lip round-
ing.

3. To attempt to establish a unit over which
the phonetic feature ''rounding’ has an
influence. Such a postulated unit is
investigated in terms of the boundaries
of other phonological units such as syl-
lables, words and breath groups.

4, To compare the effect of rounding between
selected French and English speech

samples,



CHAPTER 4

EXPERIMENTAL APPARATUS AND PROCEDURES

4.1 Subjects

There were four subjects involved in the experiment-—oﬁe for
English, three for French. All were considered to have normal speech.
The English speaking subject was a nétive of Vancouver, Canada. French
Speaker #1 was a’native of Grenéble, France, who had been a rgsident
of B.C. for the past two years. Her dialect was considered to be
closest to Tsténdard French". French Speaker #2 was a native of Lausanne,
Switzerland, who had been in North America for 12 years. French
Speaker #3 was a native of South central France who had resided in North
America for seven years, All four subjects had had at least an
introductory course in liﬁguistics and phonetics and it was therefore
difficult to conceal the nature of the experiment in which they were
participating. This knowledge was not considered to invalidate the

‘data collected.

4,2 Filming, Sound Recording and Time Alignment

Figure 4.1 shows a schematic diagramof the apparatus used for film-
ing and recording the speech samples. Subjects were placed in a "hold-
ingh frame designed to minimize head movement (Figure 4.2).. The head was
positioned by reference points at the tip of thézu:seand on each temple,

and by a flat board at the back. Major movements were impeded by the
apparatus but small rotational movements were not impossible and
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subjects had to be asked to refrain from such activity. A 5" x 5"
mirror hinged vertically to the wooden frame could be adjusted to
provide a lateral view of the subject's face. Also secured to this
"holding" apparatus were a microphone, two swivel lamps with 500
watt bulbs and white reflectors.

The focal plane of the camera (Beaulieu R16) was 4.5' from
the subject's 1lips. Films were méde at a speed of 66 frames per
second (maximum available) with a lens having a focal length of 68 mm,
The subject controlled the camera's motor via a remote control on/off
switch., This procedure minimized film wastage by reducing the time
between the start of the film and the onset of speech.

Speech samples were recorded with a 1" Bruel and Kjaer condenser
microphone associated with one track of a half-track two-channel Revox
tape recorder., A pulse train, generated by the camera at a rate of
one per frame, provided a means of alignment between film and record-
ing. The train of pulses from the camera was sent to a counter having
two outputs. From one of these outputs every 50th pulse was intensified,
and triggered a strobe light which produced an identifying flash on
every 50th frame. The second output (with every 50th pulse intensified)
was sent to the second track of the tape recorder, In this way, every
50th pulse could be recognized and subsequently aligned with the

corresponding frame on the film,

4.3 Analysis of the Data

4,31 Sound '

The signals recorded on the tape were displayed graphically on

a six channel Siemens Oscillomink liquid jet recorder. The following



output signals were displayed:

Channel 1 - speech wave - from track 1 of tape
Channel 2 - duplex oscillogram - from track 1 of tape
Channel 3 - pulse train - from track 2 of tape
Channel 4 - fundamental frequency of speech wave
Channel 5 - 1log intensity of speech wave

Channel 6 - time pulse - 1 per second

A Frdkjéer-Jensen transpitchmeter provided the inputs to Channels 2
anq 4, The intensity or speech power detector (Channel 5) was similar
to the one developed by Peterson and McKinney (1961).

Mingograms displaying the above six signals were used to éeg—
ment the speech utterances and to determine the number of the correspond-
ing film frames. Spectrograms were needed in some cases to verify the
mingogram segmentations but for the most part it was possible to
reliably identify the speech sounds under consideration by studying the
mingographic displays of Channels 1 and 2, Once a speech sample was
segmented (see Figure 4.3) the frames featuring each particular sound
were determined from the numbers of the corresponding pulses. Only
those frames représenting information important to the present study

were then measured.

4,32 Film

Projection Set-Up ,

A schematic diagram of the viewing table used for the frame-by-
frame analysis of the film is shown in Figure 4.4. The film is projected
by an L & W modified Kodak Analyst Projector, via a mirror, onto a
horizontal ground glass platé. Thé horizontal position of this table
makes it possible to easily measure each frame directly. All parameters,
including area obtained by a planimeter, can be made without first trac-

ing the image, a procedure which would introduce an added sohrce of
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error in the data.

Parametérs Measured

Height, width and area of mouth opening, plus lower lip protru-
sion éaﬁ all be measured on the projected image. During the initial
stages of the experiment all four parameters were méasgred for each
frame under study.  As will be seen below, only lower lip protrusion

was used for most of the coarticulation study.

The four parameters are diagrammed in Figure 4.5. Also il-
lustrated is the pattern of reference points which was drawn on each
subject and used to aid in measurement procedures, particularly for
height and width parameters. The techniques used for obtaining the
data can be summarized as follows:

¢y Calibration,

Several frames of a calibration card were taken
at the beginning of each film. The card, on which a
square grid was drawn, was photographed in a position
corresponding to the filming position of the subject's
lips. Prior to every measuring session the calibra-
tion frames were measured in order to maintain a con-
stant degree of magnification from sitting to sitting.
The optimum picture quality was found to be af a
magnification of one and one half times the original,
All parameters have been measured at this magnifica-
tion; all numbers cited hereafter contain this 1.5
factor. It is important to note here that magnifica-
tion of the iﬁage reduces the measurement error

discussed later in Section 4.4. While magnification
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may decrease the sharpness of the actual image, the
process of reading the ruler is not affected. Each
measurement is made to the nearest 0.5 mm whether
the image is life size or 1.5 times life size. The
larger the image is, therefore, the smaller is the
effect of the error (i 0.5 mm) on the total measure-
ment procedure.

Lateral Photographs.

Lower lip protrusion (p) was taken as the .
maximum distance between the edge of the mirror and
the outermost (in a forward direction) point of the
lower lip.

Ffontal Photogra’phs.

1. Height of 1lip ppening (h) was measured
és the distance between two horizontal
lines drawn through the ﬁidpoint of the
inner edge of the upper lip and through
the lowest point of the lower lip.

2, Width of mouth opening (w) was defined
as the distance between two vertical
lines drawn through the corners pf the
lips.

3. Area of lip opening (A) was determined
in two ways. In the first, a planimeter
was used to measure the area directly.
In the second, on the assumption that the
shape of the mouth opening is near

enough that of an ellipse, the area was



calculated from the fbrmula,A = 1 ab
where a = h/2
b = w/2

Repeated measurements using both methods
were made on a series of frames, It was
found that variability was larger when

using the planimeter. Since the ellipse
#pproximation%method was not only less

variable than the direct area measurement
but was also much faster, ﬁhis procedure
was chosen when measurements of (A) were

required in the study.

Once reliable procedures had been established, all frame measure-

ments were plotted
the time scale was
An example

sequence are given

directly onto special graph paper designed such that
identical to that on the mingogram display.
of area (A) and protrusion (p) measuréements for one

in Figure 4.6. A comparison of the two graphs in-

dicates that protrusion provides more information relevant to this co-

articulation experiment,

In particular it is apparent that, because

area of lip opening for bilabial consonants is invariant (i.e., is al-

ways zero), the coarticulatory effect of rounding cannot be observed

in sequences in which such consonants are included. Lower lip protrusion

is a better means of displaying the "'rounding' feature, therefore, and
y ? ’

was thus used as the primary parameter in this study. Hereafter protru-

sion is synonomous with rounding.
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4.4 Accuracy and Repeatéﬁility of Measurements

An estimate of the sources of error made in the collection
and récording of any body of data must be determined before one can
discuss the information the data may reveal. The error in the present
study occurs as a result of projection technique, measuring technique
A and the curve interpretation process used when repetitions of thesame
utterance were averaged.

The optical technique necessarily introduces distortion of the
image to be measured. This distortion is constant, however, and is
notvconsidered a significant source of error in this study where the
relative value of a parameter rather than its absolute value are
investigated.

A pafallax error is made when determining the point to be
measured. An attempt was made to minimize this error by reading each
measurement with the eye vertically above the point in question,

The major source of error is in the actual frame-by-frame
measurement of each parameter. All measurements Qere made to the
néarest 0.5 mm. Protrusion varied over a range of 15 mm and relative
error was therefore equal to 0.5 or 3,33%.

An estimate of the reliability of the measurement procedure
was determined by computing the difference between repeated measurements
of the same frames. In order to eliminate the bias introduced by
analyzing consecutive frames, a total of 60 frames, éach 15 frames
ap?rt, were remeasured and the results compared.with the original meas-
urements made. This procedure was carried out on one black-and-white
film and one colour film. The standard deviation was found to be 0.356 mm

and 0.440 mm for the colour and black-and-white films respectively.
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The difference‘ﬁetween the two types of film was thus minimal, For
economic reasons alone black-and-white films were used for the bulk
of the experiment,.

Invsummary, the total average error for the entire measuring
process is approximately 0.5 mm. This error is of the same order
reported by Houde (1968) for a similar procedure and is considered
to providé useable'results.

Initially two repetitions of each utterance were filmed and
recorded in order to determine the amount of intra-subject variabil-
ity. ‘A curve representing the average of the two measured curves
was determined and used for the coarticulation comparisons. The
standara deviation calculated for these estimated average curves was
found to be 0.458 mm for the'initial French film and 0.488 mm for-
the English film. Since the deviations were small, only one repeti-
tion was made of-each utterance on subsequent films, thus allowing

the analysis of a greater number of different utterances.



CHAPTER 5

RESULTS AND DISCUSSION

5.0 Introduction

Results of the present coarticulation experiment are presented
and discussed in this chapter. This mode of presentation was chosen
because it follows the process used to study the data during the experi-
ment. That is, throughout the project each film was taken, analyzed
and the results interpreted before a succeeding film was made. By
proceeding in this way, the corpus of utterances for évery film could
be designed to modify the hypotheses under investigation on thé basis
of observations made on previous films. In.the presentation of the
results below, the films.for each language are discussed in the se-
quence in which they were made. The data obtained for English and

French are given in Sections 5.1 and 5.2, respectively.

5.1 ' The English Films

Several pilot films using spoken English were taken and énalyzed
to provide technical information about filming and measurement proce-
dures. These films produced few results relevant to the hypothesis
.under investigation, but did yield important and useful information
about the feasibility of the experimental outline. These results have
been summarized in Chapter 4 and will not be repeated here. Sub-

sequently, three English films were made. At the first sitting, two
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films, one black-and-white (film #1), and one colour ((film #2), were
taken, the same corpus being used for both (See Appendix). The se-
quence of utterances for film #3 (See Appendix) was intended to test

hypotheses made from results of films #1 and #2.

5.11 Steady State Vowels

All films started with a sequence of steady state vowels which
was analyzed to ensure that rounded vowels could in fact be distin-
guished from unrounded vowels by some articulatory parameter such as
lower lip protrusion. Results were similar for all such sequences.
Figure 5.1 illustrates the separation of vowels when area of lip open-
ing is plotted against lower lip protrusion.

The Pearson correlation r between the two parameters p and A
was 0.6577., This relatively low correlation corresponds with the
results of Fromkin'; (1964) study of lip positions in American English
vowels. She concluded that height and width measurements (which were
used in the present study to calculate area of lip opening A)are not
necessarily correlated with the movement gf the same muscles which
produce lower lip protrusion. Two independent systems are in-action.
On the one hand, for /u/, the orbicularis oris muscle pushes the 1lips
forward at the same time as pulling them together to decréase width
and height. In that case the one parameter, A, can be used to approx-
imate the other, p. For / / and / o /, on the other hand, the
lower lip is pulled down and forward by the depressor labii inferioris
muscle, thus producing a-difference in degree of lower lip protrusion
but iittle change in width and height dimensions (p. 223).

It is evident from Figure 5.1 that /u/ (the vowel used in the
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present English study as representative of a "'rounded" vowel) can be
distinguished from all other vowels by having the maximum protrusion

and the minimum area,.

5.12 Films #1 and #2

The corpus of utterances used in the first two English films
was composed of sequences in which the consonant cluster preceding the
vowel under consideration was getting progressively longer. Although
an attempt was made to use real words, it was not always possible to
achieve this requirement and still maintain a "minimal pairing" between
rounded and unrounded sequences.* Words used for comparison are shown
in the Appendix. All of these words were said in the context "and
the..." (/ ndA /). The frame sentence / zndan /, was used because,
in the preliminary films, it was apparent that the utterances under
study were influenced by the phones in their immediate environment.
The constant frame not only provided an unchanging environment from
which the sequence of interest could be extracted, but also provided a
means of testing the variability of a ‘large set of identical phrases

_spoken by the same subject. Thirty-two repetitions of the frame were
analyzed for this purpose and are discussed later in this section.

In addition to these words, a group of utterances were included
to test the effect of the presence of syllable and word boundaries on
the coarticulafion patterns under study. These utterances are given

in the Appendix,.

* By (un)rounded sequence we will henceforth refer to a se-
quence in which the vowel relevant to our study is (un)rounded.
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Interpretation of the graphs made of the protrusioﬁ measure-
ments was difficult and no reliable method of determining the onset
of rounding could be established from the procedures used in this
study. Similarly no conclusion could be drawn concerning the effect
of the presence of syllable and word boundaries within a preceding
consonant sequence. With these negative results in mind, it is
relevant to question some of the hypotheses and conclusions made by
Daniloff and Moll (1968) which formed the basis for some of the
assumptions in the present experiment, They plotted, as in the preé—
ent study, lower lip protrusion as a function of time. Segmentation
of the utterance was achieved by determining, on the cinefluorographic
film, the frame number at which identifying articdlatory contacts

were made. In addition to measuring protrusion, the authors also

recorded:

6] the points at which articulators began movef
ment toward or away from a consonantal closure
or steady state,

(2) the points at which consonantal closures or
steady states wére achieved,

(3) the pqints at which the vélum began to rise
or lower, and

4) the points at which a steady-state position

for /u/ was achieved, reflected in the min-
imum tongue-palate distance.
(Daniloff and Moll, 1968, p. 711).
These points were then marked on the plots of lip protrusion

versus time. In Daniloff and Moll's study the point of onset of



rounding was determined as that point on the graph of lower lip protru-
sion versus time where the protrusion gesture became positive. Although
it is apparent that this point represents the onset of rounding, it
is not obvious that it represents rounding due to the vowel rather
than rounding associated with adjacent consonants. In order to deter-
mine if adjacent consonants did contribute to the roﬁnding gesture,
Daniloff and Moll made measurements of protrusion in utterances contain-
ing /r/, /)Y/, /m/, /s/, and /p/ preceding unrounded vowels. They
concluded that there was essentially no changes in the measurement of
lip protrusion for /m/, /s/, and /p/, and protrusions aséociated with
/r/-and /1/ were small and inconsistent. From these results the
authors were unable to explain the separate protrusion gestures
observed for /1/ and /r/ in some of their experimental‘sequences. They
stated that:

it is possible, of course, that_lip protru-

sion is characteristic of these consonants

and is increased in magnitude in rounded

vowel contexts. (p. 717).

It appears from the results of the present study that the above
statement is most likely correct, for it was not possible to determine
a specific point on the graph which represented the onset of rounding
due to the vowel rather than the combined influence éf consonants and
vowel. As seen in Figure 5.2, different patterns are -evident depend-
ing on whether a rounded or an unrounded vowel is present in the se-
quence, but the actual beginning of this inflﬁence cannot be determined.
From the graphs it also appears that the "'rounded" consonant./r/ has a
compounding influence when combined with a rounded vowel but no conclu-
sive statement can be made from these data.

As noted earlier in this section, thirty-two repetitions of the
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utterance / 2n8A / were analyzed in order to determine the variability
in the sequence when it was followed by different words. For compar-
ative purposes the utterances were divided into four sets according to

the following criteria:

) all items considered (n = 32).

(B) items preceded by a rounded vowel syllable (n = 19)
) items followed by a rounded vowel syllable (n = 18)
(D) items followed by a syllable containing the spread

vowel /i/. (n = 14),
Three measurements of protrusion were made on each repetition:
p(tl) at the onset of voicing of / 2 /.
p(tz) at the point of chénge ;n intensity between /& /
and / n/ as seen on trace 1 of the mingogram
display. (This point was not used in the
statistical tests but was needed to determine
the shapes of the curves shown in Figure 5.3).
p(ts) at the midpoint of frication of / & /.
Some of the resulting graphs are shown in Figure 5.3
The mean aﬂd standard deviation of p(tl), p(t3), p(t3) - p(tl),
duration and velocity.were calculated for each of the four subsets. A
summary of these results is given in Table 5.1. As seen in the table
there is little difference between the four subsets in the average
amount of protrusion at time one. The wide variability in protrusion
at time one (49.19 mm to 57.25 mm for subset A) suggests an absence Qf
a ''target” position for the vowel / 2 /. It is, therefore, not inform-
ative to compare the value of p(tl) with other measurements made later

in the utterance., It does appear, however, that the relative change
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TABLE 5.1 -

SUMMARY OF MEANS AND STANDARD DEVIATIONS
CALCULATED ON SUBSETS OF THE FRAME

SEQUENCE "AND THE..."

(/ @ndA

/)

p(tl) p(tsy) p(t3)—p(t1) Duration Velocity

(mm) - (mm) (mm) (sec) (mm/Sec)
M 53.22 56.66 3.38 0.27 12.85
SD 1.34 1.21 1.29 0.02 5.13
M 53.47 56.68 3.21 0.27 11.92
SD 1.27 1.22 1.26 0.03 4.70
M 53.14 56.90 3.80 0.27 14.26
SD 1.52 1.26 1.37 0.02 5.38
M 53.32 56.29 2.82 0.27 11.06
SD 1.12 1.09 0.95 0.03 4,33

S = subset of items considered

(A) all items considered (n

(B) 1items preceded by a rounded vowel syllable (n

(C) items followed by a rounded vowel syllable (n

32).

(D) items followed by a spread vowel syllable (n =

19).

18).

14).



in protrusion, (p(t3) - p(tl)), provides more iﬁformation about the
gesture under consideration., In particular it appears from Table
5.1 that the average change in protrusién is 1 mm greater when "and
the..." is followed by a rounded vowel sequence than when it is fol-
lowed by a spread vowel sequence, The t-value (t = 0.7385, df = 30)
calculated between the means indicates that this difference is not
significant, Simiiarly the average velocity of the gesture appears
to be greater for the subset followed by a rounded vowel sequence,
as opposed to a spread vowel sequence. The t-value between the mean
velocities (t = 0.6292, df = 30) is.not significant.

In order to determine the relationship between velocity, dura-
tion and change in amount of protrusion, Pearson correlations were
calculated between these measurements for each of the subsets.
Results are presented in Table 5.2, No significant relationships
were evident between change in amount of protrusion and duration, or
between duration and velocity., 1In all four sets there is a high
positive correlation between the change in amount of protrusion
(p(ta) - p(tl)) and the velocity of the protrusion gesture. That is,
velocity of lip protrusion (or movement towards an extreme position)

is directly proportional to the difference in protrusion between the
Seginning and end of the utterance. A similar relationship was noted
by MacNeilage (1972) in a discussion of jaw movement during the produc-
tion of vowels. He reported that:

....maximum velocity of jaw opening and

closing movements is directly proportional

to the amount of jaw opening required for

the vowel in the set (i), (g ), (2 ).
{(p. 30).



CORRELATIONS BETWEEN CHANGE IN PROTRUSION
FROM t; TO ts; DURATION OF UTTERANCE; AND
VELOCITY OF PROTRUSION GESTURE,

ON REPETITIONS OF THE FRAME SEQUENCE

TABLE 5.2

MEASURED

"AND THE..." (/ @nda /)

S Duration Velocity

A 0.186 0.950%%%

B 0.073 0. 982%%x*
p(ty) - p(ty)

C -0.095 0., 982%%%

D ~ -0.050 0.871%x%x

A -0.352

B ~0.235
Duration

C -0.254

D -0.474

S = subset of items considered

Y]
(B)
©

(D)

all items considered (n = 32).

items preceded by a rounded vowel syllable (n
items followed by a rounded vowel syllable (n

items followed by a rounded vowel syllable -(n

**x*% gsignificant beyond the 0,001% level
. /

i

i

Ll

19).
18).

14).



There was some evidence that stress influenced the protrusion
gesture., This particular hypothesis was tested when the concurrent
study of French films revealed that stfess affected the patterns under
study in that language. When the onset and offset of /u/ was plotted
with reference to the point of extremum protrusion,* it appeared that,
if the syllable containing the rounded vowel wés stressed, then
extremum protrusion occurred before the onset of the vowel and was
maintained to a point within the vowel. When, however, the rounded-
vowel-syllable was unstressed, the extremum point was reached and
the lips retracted before the vowel began. The vowel duration plots
are given in Figure 5.4. It is évident that in all cases in which
the sequence under consideration was said as a stressed word in the

T

frame "and the...', the extremum was reached during /u/. In the case
of /anskru ./, /nanskru./, and / hanskru /, when the stress occurred
on the first syllable, the extremum occurred before /u/. The first
repetition of the sequence /Anskru / had emphasis on the second syl-

lable and the graph for this sequence lends support to the tentative

hypothesis that stress influences the form and function of the vowel,

v
N

5.13 Film #3

The corpus of utterances for film #3 (See Appendix) was
designed to further investigate‘the effect of stress observed in films
#1 and #2, Several complications occur when attempts are made to

study the effects of changes in stress on English words, parficularly

* Hereafter extremum protrusion will mean maximum protrusion
for rounded vowel sequences, minimum protrusion for unrounded vowel se-

quences.
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in syllables containing /u/. It is practically impossible to find
minimal pairs of utterances differing only by stress (not to speak of
the difficulty of finding consonant clusters which do not have an
associated protrusion gesture which obscures the gesture under investiga-
tion). 1In addition, /u/ is nearly always stressed and when unstressed
is reduced to /o /. A similar reduction to /./ occurs with /i/, the
vowel one would use to compare the difference in effect of stress
between the maximally rounded vowel and the maximally spread vowel.

In order to eliminate this problem, two types of stress patterns were
chosen, The list given in the Appendix includes words in which stress
on the vowel under consideration (/i/, /./, /u/, /® /)shifts from
secondary to primary ( /mAltutud/ to /mAltitudines/ ). The sen-
tences'in the Appendix were designed to test for differences in vowel
effect when emphatic stress is present.

In films #1 and #2 it appeared that extremum protrusion occurred
within the vowel under consideration when the vowel_was stressed, but
when the vqwel was in an unstressed position, as in / nﬂnskru S
extremum protrusion occurred before the onsét of the vowel. Results
of film #3 conflicted with this observation (See Figures 5.5 and 5.6).
In all cases extremum protrusion was retained to a point within the
vowel. There was no evidence that when /u/ was minimally stressed,
protrusion retracted from the target position before the onset of the
vowel. An explanation for the results observgd in the previous film
may be that the consonant context of the stressed syllable had a
greater influence than the stress pattern ifself. It was first hypoth-
esized that primary stress on an initial syllable producéd the differ-

ence in the position of extremum protrusion with reference to vowel

\
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onset. This was not substantiated, however, when stress was purpose-
fully investigated in film #3. The only other ;;pect which made the
three utterances / anskru/, / nanskru/ and / hznskru/ different from
the comparable / zndaskru / sequence was the presence of the consonant
/n/ preceding the /skr/ cluster. As mentioned above, Daniloff and
Moll (1968) alluded to the possibility that lip protrusion associated
with consonants /1/ and /r/ may be increased in rounded vowel
contexts. Observations made in the present study indicate that /n/
interferes with the protrusion of /u/, and is additional evidence for
rejecting the assumption that consonants do not affect the coarticula-
tion of protrusion.

It was noted above that spread vowel sequences (/i/, /. /) were
included in the corpus. The interference of adjacent consonants with
spread vowels make conclusive statements about the onset of protrusion
impossible at this time. Thus comparisons wifh the rounded set of
utterances could be made only in the emphatic-stress shift condition.

In that case, for both rounded and spread vowels, emphatic stress condi-

tions produced a more extreme protrusion by an average of 2 mm.

5.14 Conclusion

Féw conclusions can be drawn from the English data collected
in this study. It is apparent that more research needs to be conducted
before coarticulation of lip rounding can be adequately discussed.
Assumptions were made at the outset of the present research,.some of
which, based on previous research, proved unteﬂable. As indicated
above, the assumption (made here and in previous studies) that a point

of onset of protrusion can be easily determined is now particularly



questionable. In addition, sufficient consideration ha; not been given
to the nature of consonant grouping in English. Future research must
deal with the 1gtter problem before an answér to the question of timing
of lower lip protrusion can be considered. In the coarticulation
experiment reported by Daniloff and Moll (1968), the authors used
English consonant clusters which a supplementary experiment showed, in
their'opinion, to have no direct influence on the onset of the protru-
sion gesture., Results of the present investigation did not suﬁstantiate
their conclusion. Certain phones, including /r/, /s/ and /1/, did
appear to influence the effect of the adjacent vowel, especially when
the vowel was rounded. The two component parts of the rounding gesture,
attributable to the vowel and consonant contexts, could not be sep-
arated. In English, it is impossible to find rounded vowel utterances
containing clusters of two or more consonants which do not include at
least one of the consonants which possess a protrusion gesture. It is
therefore apparent that specific experiments will need to be performed
in order to establish when, and to what degree lower lip protrusion is
present when these sounds are produced. A systematic study of these
consonants before, after and between both rounded and unrounded vowels
may reveal information which can be applied to a study of a particular
consonant's function within a consonant cluster in comparable rounded/
unrounded contexts.

Future research should also include an investigation of larger
sequences than the actual CC...V portions., Daniloff and Moll plotted
measurements for only those frames which included the immediate con-
sonants and vowels of interest to their study. A greater awareness of

the consonantal influence might have been achieved if the analyses had



included more of the utterance. 1In the present study, when larger
segments were examined, it was apparent that manybfactors, including
stress, affected the timing and amount of lower lip protrusion.
Although these judgments were not completely quantifiable, they were
sufficiently so to reveal the comple;ity involved in solving the
problem of determining specific boundaries for the hypothesized

"articulatory sylléble".

5.2 The French Films

Three films, one for each of three subjects, were made using
French., As will be seen from the discussion, few consistent or
predictable conclusions could be made from the data of film #1. 1In
order to determine if the initial results were subject specific or
whether they actually reflected coarticulation of lip rounding in
French, two additional subjects were filmed. Intersubject variability
was tested on French rather than English because it was easier to design
a French corpus to test the hypothesis under investigation. That is,
for French, a corpus can be constructed to compare rounded and unrounded
sequences preceded 5y constant consonant contexts, whereas in English
‘it is not possible to find rounded vowel utterances containing clusters
of two or mofe.consonants which do not include at least one of the con-
sonants which possess a protrusion gesture.
| Tﬁe corpus of utterances for each of the three French films is

given in the Appendix.



5.21 Steadv State Vowels

Steady state vowels were filmed for each subject. Vowel separa-
tion for Speaker 3, on a graph showing area of lip.opening versus lower
lip protrusion, is illustrated in Figure 5.7. A similar pattern was
obtained for the other two speakers. The Pearson r calculated for the
vowels in Figure 5.7 was-0.8168. The average r for the three subjects
was 0.8630. This value is higher than that calculated for the English
vowels discussed in Section 5.11 (3 = -0.6577). The discrepancy
between English and French r Qalues méy be due to a difference in
saﬁple size - 15 French vowels as compared to seven Eﬁglish vowels.
When nasal vowels were excluded from the French sample, the correlation

was -0,6156, -0.9322, and -0.5174, for Speakers 1, 2, and 3 respectively.
5.22 Film #

The corpus of utterances used in film #1 (See Appendix) was
constructed to: 1) compare the effect of vowels /i/, /u/, and /y / on
the preceding constant consonant sequence /kstr/, and 2) determine if
word boundary position within the above consonant cluster influences
the onset of 1owér lip protrusion.

As in the case of theEngliﬂldata,nozeliablé method of determin-
ing a point of onset of lower lip protrusion due to the rounded vowel
could be established for the data of film #1. In film %1 there was ev-
idence that extremum protrusion occurred in the same place (within /s/)
for all the consonant sequences e%amined, but there was no indication that
a unit of coarticulation could be determined or, if so,_thgﬁ the word
boundary did not appear to have a definite influence (See Figure 5.8).

Many repetitions of the same sequence may provide more information about
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such a unit, but even that is considered unlikely since little varia-
tion was observed between the two repetitions of the sequences "une
sinistr(e) structure" and "une sinistr(e) stricture'. Since no
information could be obtained from the data with reference to a unit
of syllable size, a tentative hypothesis was made that a unit larger
than the syllable may be in operation. When the corpus was analyzed
from this point of view, it appeared that stress had an effect on the
time of the extremum protrusion with respect to the vowel. Figure 5.9
illustrates the initial observation that the extremum position for
each vowel (that is the maximum protrusion recorded for /Yy /, the
minihum for /i/) does not occur during the vowel but immediately

precedes or succeeds the vowel. In order to examine this observation

more closely, three vowels for each utterance were plotted with reference
to the time of extremum protrusion of each syllable as follows: (See

Figure 5.10)

vowel 1 - vowel preceding /kstr/ sequence
vowel 2 -~ vowel following /kstr/ sequence
vowel 3 - final vowel of utterance.

In all sequences (except "une contexte russe'’) shown in Figure 5.10,
vowel 1’is the last vowel in a rhythmic group which had rising intona-
tion., Vowels 2 and 3 are the next to last andlast vowels respectively
in a rhythmic group which had falling intonatioﬁ. From Figure 5.10 it
appears that there is a trend for extremum protrusion to occur before
the vowel when the vowel is unstressed (in all cases but one the syl-
lable containing vowel 2), When the vowel is stressed (i.e., is the
last vowel of the rhythmic group) the extremum point tends to occur

within or after the vowel. A further indication of the possible
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dependence between stress and protrusion is the position of extremum
protrusion in the sequence "une contexte russe’'. Vowel 2 was stressed
in this sequence and extremum protrusion occurred after the vowel. It
also appears that there is a difference in timing of protrusion between
final vowels of rhythmic groups with rising versus falling intonation.
In particular, in sequences in which intonation is rising (vowel 1)
extremum tends to occur relatively earlier than in sequences in which
intonatiop is falling. An explanation for the difference in timing of
protrusion may be the depen&enée between intonation and lengthening of
the last vowel of a rhythmic group relative to the penultimate vowel
(Benguerel,_1971). Benguerel found that (in French) with falling intona-
tion the ratio betwéen duration of the vowel in the last syllable and
duration of the vowel in the penultimate syllable is most of the time
greater than 1.5, especially in the case of closed syllables. In se-
quences with rising intonation, this ratio tends to be less than 1.5,
especially in the case of open syllables, If timing of protrusion
depends on vowel lengthening then it may be that extremum protrusion
occurs later as vowel duration (due to lengthening) increases. Although
there was evidence that intonation and stress affect the timing of
protrusion in the way described above, conclusive statements cannot be
made from the data of film #1 since these parameters were not controlled
in the corpus. In order to test the hypothesis further, a second, more

specific corpus was made for film #2.
5.23 Film #2

The corpus of film #2 was constructed in order to: 1) observe

ihtersubject variability. on repetitions of utterances from film #1, and



2) test the hypothesis derived from film #1 that intonation and stress
affect timing of lip rounding in some way. Two séts of utterances (See
Appendix) were included in the corpus of>film #2 to study the latter
hypothesis. One set of utterances contained rounded and spread sequences
in which emphatic stress was gradually increased. Repetition 1 was said
with no emphatic stress. Repetition 2 was said with moderate emphatic
stress and repetition 3 was said with strong emphatic stress. The second
set of uttefances contained pairs of utterances in which one had rising
intonation, the other falling intonation, over the sequence of interest.
In order to apply the results of Benguerel's.study (1971) concerning
lengthening of final vowels with respect to penultimate vowels, sequenceé
were constructed in which the two vowels were the same. In addition,
in order to minimize the influence of consonants on vowel lengthening in
the case of closed syllables, the consonants following these two vowels
were identical.

Lower lip protrusion and area of lip opening were ﬁlotted for

r

sequences ''une sinistr(e) structure” and "une sinistr(e) stricture” and
compared with similar plots for 8peaker 1. There was greater agreement
betwgen the two subjects on the area graphs than on thosé of protrusion,
 It aﬁpeared that, on the protrusion graphs the difference in amount of
protrusion between the rounded vowel /vy / and the spread vowel /i/ was
larger for Speaker 2 thanlfor Speaker 1. In addition, althbugh vowels
are separable on the basis of protrusion when they are said in isolation
(See FPigure 5.7), there is only a small difference in both area and
protrusion between the vowels when they occur in the runninglspeech of

Speaker i. Because the distinction made between rounded and spread

vowels in running speech is so small for Speaker 1, interpretation of



- 66 -

protrusion graphs on utterances made by this speaker is more difficult
fhan that of comparable graphs of utterances said'by Speaker 2,

Results of the set of sequences in which pairs of utterances
differed with respect to rising versus falling intonation were difficult’
té interpret becausé there was considerable consonantal influence on
the protrusion gesture. Since, in addition, there was only a limited
amount 6f data, thé plot comparable to that shown in Figure 5.10 for
film #1 was not revealing and was therefore not presented. From the
data that was available, it appeared that extremum protrusion occurred

within or before the vowel for both vowels of the rhythmic group (See

Figure 5.11). There was no evidence to suggest that there is a dif-
ference in timing of extremum protrusion between sequences with rising
versus falling intonation.

| An example of the pattern of protrusion observed for utterances
said with increasing emphatic stress is shown in Figure 5.12, There
is no indication that the point of extremum protrusion shifted in rela-
tion to the onset of the vowel as a result of increased stress, 'As
seen in Figure 5.12, the effect of increased stress is an increase in
amount of protrusion rather than a change in the time of occurrence of

‘the extremum point of protrusion.
5.24 Film #3

Intersubject variability and the effect of intonation 'and stress
on timing of lip rounding were investigated in film #3. The corpus of
utterances included sequences with rising and falling iﬁtonation, and
sequénces with variation in degree of emphatic stress. The emphatic

stress sequences were identical to those used in film #2. In the rising
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versus falling intonation sequences, the same vowel and final con-
sonants were again used in both syllables of the rhythmic group of
interest. In film #3, however, care was taken to minimize the con-
sonantal influence observed in film #2, by avoiding the use of con-
sonants which appear to have an associated protrusion gesture, partic-
ularly bilabial consonants. Also includéd in the corpus were the

*

utterances "une sinistr(e) structure' and "une sinistr(e) stricture"
which were used on the previous two films.

The graphs of lower lip protrusion for sequences "une sinisfr(e)
stricture” and "une sinistr(e) structure” showed greater agreement
between the two sequences when said by Speaker 3 than when said by
either of the two other French speaking subjects. In particular it
can be seen from Figure 5.13 that initially there is a high correspond-
ence between the two graphs. The similarity extends to a pdint within
the consonant cluster /kstr/ where it appears thét‘the vowel influence
takes effect. From these graphs it may be possible to conclude thét,
for French, rounding does not staft at the first consonant of the
cluster preceding the vowel but at some point within the cluster., This
conclusion differs from that made by Kozhevnikov, et al., (1965) and
Daniloff and Moll (1968) who found that fof Russian and English respec-
tively, the coarticulatory unit includes the whole CC...V complex.

The possible difference in timing of protrusion observed for English
and Russian on the one hand, and French on the other, suggests that

coarticulation of lip rounding may be phonemic raéher than phonetic.
The observation on French, however, was evidenf for only one péir of

sequences for one speaker in this study and requires further evidence

before any strong claim can be made.
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No consistent patterns were evident on the protrusion graphs
of sequences in which intonation was varied. It appearedthat extremum
protrusion occurred within (rather than before or after) one of the
vowels of the rhythmic group (See Figure 5.14) but extremum protrusion
did not occur with any regularity on one vowél rather than the other.
In addition, in most cases two extrema (one for each of the vowels in
tﬁe rhythmic group) could not be determined. There appeared to be,
instead, a single protrusion gesthre for those sequences in which the
intervening consonant presented no articulatory opposition to the
gesture. The original hypothesis therefore could not be tested from
the corpus of film #3 and the data could not be compared to that
displayed in Fiéure 5.10,

In order to examine the relationship, if any, between timing of
protrusion and one or all of fundamental frequency, intensity and vowel
duration, each parameter was measured for both vowels in the rhythmic
group of interest. The utterances were éivided into two samples--one
compared séquences with rising versus falling intonation, the other
compared sequences with roundéd versus unrounded vowels. For each of
the sequences, each of the parameters were paired separately with
extremum protrusion to see if extremum protrusion consistently occurred
with the extremum of any one of the other parameters. There was no
evidence to support such an hypothesis.

Film #3 utterances which were said with increasing emphatic
stress had the same point of extremum protrusion (relative to the onset
of the vowel) as seen in film #2 (i.e., extremum occurred within the
vowel). 1In order to study the relationship, if any, between stress,

"vowel duration and amount and timing of protrusion, the following
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parameter values were compared in miscellaneous pairings:
(1) duration of stressed vowel
(2) duration of final vowel
(3) ratio between (1) and (2)
4) éhange in protrusion between minimﬁm and

maximum points of the gesture (A p = Pmax - Pmin)

(5) duration of protrusion gesture
(a) from minimum point of protrusion to
maximum point of protrusion
(b) from minimum point of protrusion to
the first minimum point (on the graph)
after the maximum point
(6) average velocity between minimum and maximum
points of protrusion gesture.
It appears that, for rounded vowel sequences, an increase in stress
produces an increase in amount of protrusion, The difference in protru-
sion (A p) between minimum and maximum for.the moderately stressed case
(repetition 2) is on the average 1.5 mm greater than the ugstressed
case (repetition 1). The strongly stressed case (repetition 3) is on
the average 2.5 mm greater than the previous sequence (repetition 2).
As expected there is an increase in the duration of the vowel when it
is emphatically stressed. The ratio between the duratibn of the
emphatically stressed vowel and the duration of the final vowel is also
increased. Similarly the duration of the protrusion gesture is greater
for the two emphatically stressed cases (repetitions 2 and 3) compared
to the non emphatically stressed case (repetition 1), Tﬁeré was no

evidence that velocity increased with increased emphatic stress.



5,25 Conclusions

With one exception, a point of onset of lower lip protrusion
for French‘sequénces could not be determined from the procedures used
in this experiment. The one exception was observed for the sequences
"une sinistr(e) structure” and "une sinistr (e) stricture" spoken by
Speaker 3. In this case it appeared that the onset of protrusion
occurred at a point within the preceding consonant>c1uster rather than
at the beginning of the cluster as hypothesized by Kozhevnikov,
Chistovich, et al., (1965) and Daniloff and Moll (1968).

Sinée the method used was not found to be a reliable means of
investigating the original hypothesis (i.e., that ''coarticulatory
syllable"” exists and can be delimited) the data was interpreted accord-
ing to the possible influence of intonation and stress on the timing
of extremum protrusion. Results, however, were inconclusive. It is
apparent from the present investigatibn that, in order to study the
relationship between protrusion and intonation and stress more effec-
tively, the experimental cofpus should be constructed with greater
emphasis onminimizing variations in context. Although all films were
analyzed with respect to the influence of intonation and stress, for
example, these factors were controlled in films #2 and #3, but were
uncontrolled in film #1. In film #1, however, sequeqces were included
which had a constant consonant cluster. In all films the uncontrolled
parameter affected the interpretation of the data, A test which was
beyond the time limitations of the present study but which may provide
relevant information about the hypothesis studied would.be.fo compare

repetitions of the corpus used on film #1 said with rising and falling
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intonation. As was recommended above for English, a systematic study
of consonants before, after and between rounded and unfounded vowels
would prqvide certain basic information necessary for future research

on coarticulation of lip rounding in French.



CHAPTER 6
SUMMARY

The study of lip rounding presented in this paper is an analysis
of si# high-speed (66 frames/sec) cinephotographic films: three of
spoken English and three of spoken French. One English speaker an&three
French speakers were used for this investigation. It was fdund that,
with some limitations, lower lip protrusion provided an adequate measure-
ment of lip "rounding” and was therefore used synonomously with it
throughout the description of the experiment. Frame-by-frame measure-
ments of protrusion were made directly from the projected imagé for the
sequences of interest.

A corpus of utterances was constructed for each film separafely
using results and hypotheses derived from previous film(s). The original
English corpus (films #1 and #2) sought to compare the influence of
rounded versus unrounded vowels on a progressively longer preceding con-
sonant cluster. 1In addition,the effect of syllable and word boundaries
on coarticulation patterns was studied. No reliable method of determin-
ing the onset of rounding could be established using the technique
described above. There was some evidence that stress influenced fhe
timing of extremum protrusion. This hypothesis was tested in film #3
as well as in the French films. The corpus for film #3 included:

1) pairs of words in which stress on the first vowel of interest shifted
from secondary to primary stress, and vice versa on the second vowel of

interest, and 2) sentences in which position of emphatic stress varied.

- 76 -



Results indicated that there was no significant difference in the tim-
ing of extremum protrusion with reference to vowel onset when stress
changed--~in all cases extremum occurred at a point within the vowel.
It was suggested that the position changes observed in films #1 and #2
were a result of the consonéntal context rather than of the degree of
stress on the vowel,

The first french corpus. included utterances to compare the in-
fluence of rounded versus unrounded vowels on a preceding constant
four-consonant cluster. Word boundary position was also varied within
the éOnsonant cluster. It was apparent that timing of protrusion
could not be established by means of the methqu used in this experiment;
There was an indication that position ofvextremum protrusion (with ref-
erence to vowel onset) varied withbthe position of the vowel within the
rhythmic group--i.e., extremum occurred earlier (in general before vowel
onset) when the vowel did not carry any unemphatic stress ("'accent
toniqﬁe"). In order to test this possibility two sets of sequences
(one containing pairs qf utterances with rising versus falling intona-
tion, the other containing utterances said with increasing emphétic
stress) were included in the corpus of films #2 and #3. Two different
‘speakers were used. "Analyses of these films gevealed there was no
obvious difference in timing of extremum protrusion for any of the
stressed conditions.

Included on all the French films were the sequences ''une
sinistr (e) structure” and "une sinistr(e) stricture." For Speaker 3
it appeared that the onset of rounding could be eétablished af a
poin£ within the preceding consonant cluster, an observation which

conflicted with the conclusions made by other researchers (Kozhevnikov,

Chistovich, et al., (1965)andDaniloff and Moll (1968) for languages



other than French. Since the observation was made only once in the
present stu&y it requires further investigation, Research on these
two sequences as well as other pairs differing in only one paramefer,
namely, the vowel, appears to be the most useful direction for future
studies.

It was concluded that for both English and French the basic
assumptions of thg experiment (which were based on conclusions made
by Daniloff and Moll (1968)) were untenable., In particular, it is
questionable that a ppint of onset of rounding within 6r at the onset
of a consonant cluster can be specified without first sysfematically
determining the amount of protrusion which is associated with each
consonant in isolation and then in various vowel contexts. It was
apparent from the data that coarticulation of rounding is likely in-
fluenced by other parametefs including intonation, stress and phonetic
(in particular consonantal) context, and future research shouldattempt
to control as many of these parameters as possible before significant

patterns (if they exist) can be observed.
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APPENDIX



Corpus of utterances used for English films #1 and #2

and the koo
and the key
and the crew
and the cree
and the skoo
and the ski
and the screw
and the scree
and the skud

and the skied

and this crew
and this cree
and unscrew

and none screw

and Hans' crew



Corpus of utterances used for English film #3

say multitude now
say hygliene now

say lucid now

say fecundity now
say platitude now
say multitudinous now
say hyéienic now .
éay calvinistic now
say placid now

say calvinist now
say lucidity now
say fecund now

say placidity now

say platitudinous now

Did you say he was kidnapped?
1'd rather have a kidsister .
I said cooed already.
I said cooed already.
No, I'm not keyed up.
No, I'm not keyed up.
What could come next?
What could come next?
When could they come?

When could fhey come?



Corpus of utterances used for French film#1

une sinistr(e) structure

une sinistr(e) stricture

la dextre ou la senestre
la dextre universelle

la dextre inimitable

une bibliothéque structurée
ine bibliothéque stricturée

une bibliothéque strictement personnelle

un compexe truculent
un complexe truqué

un complexe trichome

un contexte rudimentaire
un contexte russe

un contexte ridicule



Corpus of utterances used for French film %2

une sinistr(e) structure

une sinistr(e) stricture

le pourtour n'est pas fortifié

il y en sur tout le pourtour

les douze blouses vont arriver

elle vient d'acheter douze blouses

que Denis(e) lis(e) peut tout changer

je n(e) crois pas que Denis(e) lis(e)

sa tire-lire n'est pas pleine

il 1'a mis dans sa tire-lire

ou c'est outrageux ou c'est irritant

ou c'est courageux ou c'est enquiquingnt
c'est OUtrageux c'est Irritant

c'est COUrageux c'est enQUIquinant
c'est OUtrageux c'est Irritant

c'est COUrageux c'est enQUIquinant



Corpus of utterances used for French film #3

une sinistr(e) structure

une sinistr(e) stricture

ce doux toutou s'appell(e) Totor
j'aim(e) beaucoup ce doux toutou
cett(e) goug(e) roug(e) lui appartient
je voudrais cett(e) goug(e) roug(e)

un couscous serait délicieux

nous avons mangé un couscous

ce ouistiti est trés petit

il a trouvé ce ouistiti

que Denis(e) lis(e) me surprend

je n(e) crois pas que Denis(e) lis(e)
une couliss(e) liss(e) faciliterait les choses

j'ai besoin d'une couliss(e) lissi(e)

ou c'est outrageux ou c'est irritant

ou c'est courageux ou c'est engquiqiunant
c'est OUtrageux c'est Irritant

c'est COUrageux c'est enQUIquinant
c'est OUtrageux c'est Irritant

c'est COUrageux c'est enQUIquinant



