PERCEPTION OF VOWEL NASALIZATION IN FRENCH

by

André Gustave Lafargue

B.A.,B.Sc¢., Memorial University of Newfoundland, 1971

M.A., Memorial University of Newfoundland, 1975

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
in
THE FACULTY OF GRADUATE STUDIES
Departmeﬂt of Paediatrics

Division of Audioclogy and Speech Sciences

We accept this thesis as conforming

to the required standard

THE UNIVERSITY OF BRITISH COLUMBIA

\

May, 1976

(:) André Gustave Lafargue, 1976



tn presenting this thesis in partial fulfilment of the requirements for
an advanced degree at the University of British Columbia, | agree that
the Library shall make it freely available for reference and study.

I further agree that pemission for extensive copying of this thesis
for scholarly purposes may be granted by the Head of my Department or
by his representatives, It is understood that copying or publication
of this thesis for financial gain shall not be allowed without my

written permission,

Department of PAEDIATRICS Div. of Audiology & Speech Sciences

The University of British Columbia

2075 Wesbrook Place
Vancouver, Canada
V6T 1W5

Date J‘VLA/V\@.ZZ /3 7£
J /



11

ABSTRACT

The present study investigates the perception of vowel
nasalization in Frénch. Previous studies had shown that a
nasalized vowel in a non-nasalized context was produced with
the velopharyngeal port closed for part of the duration of
the vowel. Similarly, it was>found that an oral vowel in
a nasalized context was produced with the velopharyngeal port
open for part of the duration of the vowel. Single cycies
were spliced out of Vowelsvof both types at times correspond-
ing to various and known velar heights. They were used to
construct the stimuli of two listening tests. Each test also
contained non-manipulated reference vowels (orél and nasalized)
as controls to evaluate the listeners' responses. Native
speakers of French were asked to rate, on a 5-point scale, the

degree of nasality of each stimulus.

There seems to exist a non-monotonic relationship be-
tween curves representing the listeners' judgement of rasality
and those representing the timing of velar movement. Results
also suggest that a rather large velopharyngeal cross-section
may be necessary'for a F?ench listener to perceive an open
Vowelbsuch as [a] as nasalized, whereas a smaller velopharyn-
geal cross-section may be sufficient to give a close vowel

such as [e] and [o] a nasalized quality. It also appears that
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fhe listeners perform some kind of time integration of the
nasality function in order to judge whether a vowel is na-

salized or not.

An acoustic analysis was carried out, using an analysis-
by-synthesis method. It shows that different changes occur
in the vowel spectrum as the velum lowers e.g., the first
and second formant come close together and at least one zero
is present when the velopharyngeal port is open. The position
and movement of this zero in the spectrum suggest that there
i1s a relation between the position of the zero on the fre-
quency axis on the one hand, and size of the velopharyngeal
cross-section and oral vocal tract on the other. The acoustic
analysis also suggests that there exists some relation be-
‘ftween the presence of a zero in the spectrum of vowels, the
corresponding position of the velum and the perception of
nasalization. Possible.experiments are suggested for further

research.
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Chapter 1
INTRCDUCTION

Mést human languages use sounds to carry information
from a speaker to a listener. Fach language possesses its
own phonetic inventory which consists of a set of speech
sounds. Some languages, for instance, use differences in
the patterning of man's upper‘respiratory system (everything
élse being equal) to differentiate speech éounds. The two
channels via which the air flows in and out of the vocal appa-
ratus (i.e. the nasal and oral cavities) may be used to pro-
duce different types of speech sounds. Peterson and Shoup
(1966, p. 60) 1list four different configurations of the res-
piratory system which may be used to produce speech sounds:

"l. Oral is a configuration of the vocal tract

in which there is a velopharyngeal closure.

2. Nasalized is a configuration of the vocal
tract in which there is an intermediate velo-
pharyngeal opening and in which there .is not

an oral closure.

3. Nasoral is a configuration of the vocal tract
in which there is a relatively large velo-
pharyngeal opening and in which there is not

an oral closure.(...).

4., Nonoral is a configuration of the vocal tract
in which there is an oral closure but not a

Velopharyngeai closure."”
The fourth configuration listed by Peterson and Shoup (1966)

is most often described as "nasal" in the literature.

—



Some or all of thgse configurations are used by various
languages of the world in their phonetic inventory. In parti-
cular, some languages use nasalized (or nasoral) vowels which
are phonemically distinct from their oral counterparts.

French is such a language; its phonetic inventory not only
contains nasal consonants but also nasalized vowels which are
phonemically distinct from oral vowels: for example, the two
words "téte": [tet] (head) and "teinte": [t&t] (colour) differ
only by their vowels, an oral one in "téte", a nasalized one
in "teinte". The main difference between the two vowels is
the presence of an open velopharyngeai port in the production

of the latter.

The main articulator which controls the opening and clos-
ing of the velopharyngeal port i1s the soft palate or velum.
When the velum is lowered, the velopharyngeal port is open
and the air can flow through both the nasal and the oral cav-
ity if the mouth is open. The velum, like most other speech
articulators, has been studied by speech scientists in an
attempt to reach a better understanding of the human communi-
cation process. Different methods have been designed and
used to study the temporal course of velar opening during
speech. They will be reviewed in the next chapter. One of
the general findings about velar position concerns the rela-
tionship which exists between velar height and the degree of
opening of the vowel: open vowels are produced with a lower:

velum position than close ones (Fant, 1960, p. 139).
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Velar movement in connected speech has'also been inves-
tigated. When vowels and consonants are uttered in various
contexts, the velum moves for the production of the different
phones and depending on the contexts, different velar activi-
ties are observable. Velar movement in French has been stud-
ied by different methods (Benguerel 1974, Benguerel et al.
1975a,b). In a study of nasal airflow Benguerel (1974, p. 111)
found that '

"There is some similarity between velar coarticula-
fion for nasal consonants and that for nasalized
vowels, namely that velar openingigésture and nasal
airflow start well anead of the nasal sound itself."

In an attempt to further investigate this similariﬁy,
Benguerel et al. (1975a) used a fiberscope to study velar
movement when oral and nasaiized vowels are uttered in Varibus
consonant environments. They found that, in French, when phone-
mically oral voWeis are uttered before nasal consonants, such
as in /ana/, the velopharyngeal port .starts opening before the
onset of the consonant even though it does not completely open
untii“éfter thevonset of the consonaﬁt. These same authors
(ibid., p. 71) aléo found that phonemically ﬁasalized vowels
are normally produced with an open velopharyngeal port, al-
fhough in cases where the phonemically nasalized vowels are
between two voiceless stops such as in /tdt/,

"the opening of the velopharyngeal port starts
after the onset of the vowel (30-60 ms) and
ends slightly (10-20 ms) before the beginning

of the second consonant."



4

However, when spoken in the above-mentioned contexts as well

as other similar ones, the vowels /o/ and /4/ are heard by
French listeneré as being phonemically oral and phonemically
nasalized respectively. . In other words, phonemically oral
vowels may be uttered with the velopharyngeal port partially
open during their production and phonemically nasalized

vowels may be uttered with the velopharyngeal port partially
closed durihg their production. The following questions

thus arise, the answers fé-which will be the aim of this parti-
cular study:

1) With how much velopharyngeal port opening can an oral vowel
be produced by a French native speaker to still be perceived as
phonemically oral by a French native listener? 2) Alterna-
tively, sihce,_the“velum position changes rapidly through the
vowel, does the listener perform some kind of time integration
to identify vowel souﬁds as being oral or nasalized? 3) If
so, is it the "average velar passage which matters; or rather
the average value of some auditory function depending on the

size of this passage?" (Benguerel et al., 1975a, p. 71).

The first question will be investigated by means of a per-
oeptioﬁ test designed and condqcted éo that different vowels
associatedlwith different velopharyngeal port openings will
be presented to French listeners who will be asked to evaluate
subjectively the‘ora;,or nasal nature of the test stimuli.

The reader is referred to Chapter 3 of this thesis for a more

detalled description of the procedure. It is necessary to use
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native speakers of French for the listening taék since French,
the language investigated, contains nasalized vowels which

are phonemically different from oral vowels, and most other
languages do not. The French listeners should be able to
associate a stimulus with a nasalized or an oral vowel which
they use in their speech. Non-native speakers, whdse language
does not contain phonemically distinct nasalized vowels, would
not be expected to perform properly because vowel nésalization
does not play an important part in their speech. Therefore,
they would not have any intrinsic reference points to estab-

lish criteria of nasality and orality.

The results of the perception test may provide some clues
concerning the factors which affect the listeners' subjective
judgement of nasality. Since the original recordings as well
as the Veiar height measurements of the experiments of Ben-
guerel et al. (1975a) are available, one should be able to
correlate the listeners' judgements of oral versus nasalized
vowel with a certain degree of velopharyngeal port opening.

In particular, one should be able to determine at what point
during vowel production in the contexts mentioned above 1lis-
teners are able to associate a nasalized quality with the

vowel they perceive.



Chapter 2
LITERATURE REVIEW

2.1 Intrcduction

This chapter 1s a survey of the different techniques
and methods used in the study of velar movement during speech.
It will also include some of the experimental findings rel-

evant to this investigation.

There are many possibilities for studying velar movement.
It is possible to distinguish between direct methods, where
one actually obsérves velar movement, and indirect methods
where one uses other parameters to draw conclusions concerning
velar activity. Some experimenters have combined two or more
methods simultaneously in order to gain more information and
to correlate the results obtained by themselves and others

using separate methods.

2.2 Direct Methods

2.21 Cinefluorography

This method and its relevant equipment are described in
Moll (1960). Essentially, the major components of the equip-
ment are an X-ray tube, an“image_intensifier tube, a fluoro-
scopic screen and a camera. Lateral X-rays of the subjects
are made at a camera speed which can-vary from 24 to 150

frames per second. The distances between structures (e.g.



7

between velum and pharyngeal wall) are then méasured on en-
largements of each ffame. Such a method presents several
problems: |
i) Though modern techniques such as the one designed by
Fujimura et al. (1968) may substantially reduce the amount of
radiations, subjects are generally exposed to a high rate of
radiation. This forces the experimenter to limit the size
of the corpus since.any one subject can only be exposed td a
very limited amount of radiation before hazard level is reached.
ii) Data processing of film data is done frame-by-frame
which is time consuming. Moll (1960) estimates that 35 frames
at most can be measured and analysed in one hour.
iii) It gives only a mid-sagittal plane pictﬁre of the sub-
ject's head. Therefore, it is very hard to determine whether

the velopharyngeal port i1s actually open.

The velum is a three dimensional organ moving in a three
dimensional cavity. The experimenter using X-rays is able to
observe and measure only two of.these dimensions, and may
only guess at what is happening in the third dimension: the
cross~section of the velopharyngeal port for instance, is only

known by its sagittal plane dimension.

2.22 Fiberscope

The fiberscope was designed by Sawashima and Hirose
(Sawashima and Hirose, 1968) at the University of Tokyo, for

observation of the'larynx. It consists of two bundles of very
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fine glass fibers; one bundle of fibers carries light from
a light source to the organ being studied, while the other

bundle of fibers carries the image of the organ to a camera.

Ushijima and Sawashima (1972) used a wide angle fiber-

scope which was inserted through the nose of the subject so

that the nasal surface of the velum could be observed and

filmed. After fllmlng calibration sentences for two dlfferent
p051tlons of the flberscope, fhey were able to correlate dif-
ferent measurements of Velum p081tlon with the amount of open-

ing of the velopharyngeal port.

Using this method, Benguerel et al. (l975a2 p. 67) stud-
ied the timing of velar height in French. They found that:

"while the processing of data obtained by this method
Is.relatively slow, and thus not very favorable to - -
the gathering of a large corpus, 1t is practically

free of experimental artifacts; in particular, the
fiberscope does not interfere in any way with velar
movement since it does not extend beyond the moving

part of the palate
This method never allowed them to determine precisely the size
of the Velopharyngealropening. They could set a criterion for
velar height corresponding to an opening or a closure of the
velopharyngeal port, but could not associate a humber with the

velopharyngeal opening.



2.3 Indirect Methods

2.31 Aerodynamic Methods

Measurements of aerodynamic parameters proVide information
about velopharyngeal_opening and velar movement. Various de-
vices are used to pick ﬁp variations in nasal and oral airflow,
and simple or differential pressures.’ These devices are con-
‘nected to transducers which,enabie the experimenter to observe
and record the fluctuations of‘tﬁe different parameters_during
sbeech. Some conclusions about>Velar movement can then be
drawn. Certaih experimenters study velar movement by observ-
ing one parameter only. For example, Benguerel (1974) ob-
served nasal airflow only dqring the production of phonemically

oral and nasalized French vowels in different contexts.

However, measurements of the variations of several para-

meters may provide more information.

Warren and Dubois (1964) using the equation of continuity,
the energy equation, and assuming fhat the area of an orifice
can be determined if the differential pressure across the
orifice 1is meaéured simultaneously with the rate of airflow
through it, derived the following equation, which takes into
account the several detalls Qf turbulent, non-uniform and ro-

tational airflow by introducing a correction factor k:
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[o]
v
A=
' 2 AP
K D
where A = velopharyngeal orifice area in cm?
¥ = nasal orifice airflow in cm? per sec

AP = differential static pressure at the
velopharyngeal orifice in dynes per cm?.

D = density of the air, 0.001 gm per cm3

k = correction coefficient (0.65)
This formula can be used in an attempt to determine the ori-
fice area in real time. The different parameters of the equa-
tion can be determined by using the method designed by Ben-
guerel (1974). Differential static pressure around the orifice
can be found using two small tubes connected to a differential
pressure transducer and inserted through_the nasal meatus of
the subject and located respectively Jjust aboveland just below
the velopharyngeal opening. The different parameters can be
fed in real time to a computer to determine the cross-section

A in real time.

The primary drawback of all these methods_which involve
measurements of aerodynamic parameters is that instrumentation
interferes to some extent with the articulation process. Sec-
ondarily, these methods are Vefy prone to artifacts. For in-
stance, a negative nasal alrflow may be observed at the end of
a vowel preceding a nasal consonant“(Benguerel 1974, p. 109).

This negative air flow is attributable to an increase of volume
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of the nasal cavity due to the initiation of the lowering
.of the velum when the velopharyngeal port is still closed.
However 1t does not indicate an ingressive airflow at the

velopharyngeal port.

2.32 Electromyography

Electromyography -(EMG) has been used in speech research
since the laté 1950's. Usingvéhis method.one may observe
activity of the numerous muscles involved in ;peech production.
Studies on velar movement have been carried oﬁt using several
types of electrodes and various data analysis techniques.
Hirose (1971) describes the newest instruments and Kewley-Port
'(19735 gives'a description of the most"redént techniques of
EMG data processing. Electrodes are inserted into the muscle
to be studied under light topical aﬁaesthesia. As the muscle
is activated, potentials-afé produced which are picked up by
the electrodes, amplified and recorded. In the case of velar
movement, the two muscles of main interest are generally the

levator veli palatini and the palatoglossus.

One of the mailn problems encountered in usihg EMG is that
the potentials produced are very small; moreover the electrodes
pick up a certain amount of physiological noise. In order to
increase the 51gnal fto-noise ratio and have a clearer picture
of the actual muscle act1v1ty it 1s necessary to record and
average the muscle potentials obtained for several tokens of
the séme utterance. This method is therefore time conéuming

even though a computer 1s used to average the signals.
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2.33 Nasograph

The nasograph is a simple device designed by Ohala (1971)
which enables one to monitor the velopharyngeal opening in
real time. It consists of a d.c. light source at one end of
a small plastic tube. The tﬁbe is inserted in the subject's
nose. A light sensor is inserted in the same tube so that
"it rests approximately over the junction between the hard
and soft palate when the iight ié-well down into the pharynx,
approximately at the level of the epiglottis or slightly
above" (Ohala 1971, p. 2). The amount of light impinging on
the light sensor and accordingly the voltage developed by it
are taken as an indication of the size of the velopharyngeal

opening.

Ohalg (1971) mentions that it is difficult to establish
a calibration of the relatidnship between the velopharyngeal
port cross-section and the nasograph‘outputfvoltage because
light might impinge on the sensdr by reflection as well as
directly; in addition, the plastic tube might move during
the pronounciation of the utterance. But as he points out
(ibid.? p. 3): - "at any rate 1t ought to give a fairly reliable
indication of relative palatal opening and of the timing of

palatal movements."

2.34 Ultrasounds

Movements of the lateral phéfﬁhgeai wall also play an

important part in the closure of the velopharynx. During
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speech therlateral pharyngeal wall usually moves medially.
The Doppler ultrasound method by which researchers have in-
vestigated these movements is described in Minifie et al.

- (1968) and in Kelsey et al. (1969). It is based on the fact
that an ultrasound beam reflected from a moving body under;
goes a Doppler frequency shift. Calculations of the corre-
sponding velocity ffom individual periods of Doppler signal
enables the experimenter to calculate the relative displace-
mént of that moving body. Since the ultrasonic transducer
~is placed externally on the lateral neck wéll; this method
does not require the insertion of any tube or wire in the
vocal tract nor does it peose a radiation hazard to the subject.

Tt is still, however, at the experimental stage.

2.4 Results Obtained in the Literature

2.41 Results Obtained by Use of Single Methods

Moll and Daniloff (1971, p. 681) used cinéfluorography
to study velar movement during connected speech in English.
Their corpus consisted of several combinafions of phone se-
quences. They found that in English

"movement toward velar closure 1s initiated long
before the articulatory»confact for the non nasal

cohsonant, usually during the preceding nasal'.
The major finding of their study was that

”in‘sequehces in which a nasal consonant is pre-
ceded by one or two vowel sounds, the velar-
opening gesture for the nasal 1s initiated near
the beginning of primary articulatory movement

toward the first vowel in the sequence." (ibid., p. 683)
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Ohala (1971) using the nasograph to compare utterances
where velum activity occurred, noticed a lowering of the
velum for low vowels. His findings also suggest that "the
soft palate begins to lower for an upcoming nasal consonant
as soon as it can, 1.e. as soon as it is no longer required

to be closed for an obstruent". (Ohala, 1971, p. 1)

2.42 Results Obtained by Use of a Direct Method Combined

with EMG

EMG has been used simultaneously with cinefluorography
and with fiberoscopic cinematography to correlate muscle ac-

tivity with movements of the velum.

Lubker (1968, p. 4) by placing electrodes ﬁin the middle
third of the soft palate, at the approximate level of the
palatal levator dimple" observed variations in palatal EMG
activity during speech which apﬁear to be positively corre-—

lated with velopharyngeal opening.

Fritzell (1969, p. 71) found similar results and concluded
that

"yvariations in velar elevation during speech which
also occur during prolonged velopharyngeal closure
as observed by résearchers using cinéfluorography
is determined by variations in the degree of velar
mgécle activity and not‘by variations in timing
and movements of adjacent structures such as hy-

.pothesized by Moll and Shriher (1967)".
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Ushijima and Hirose (1974) studied EMG activity of the levator

palatini in the production of meaningful disyllabic Japanese
test wofds. By correlating their results with Ushijima and
Sawashima (1972)'5 fiberoptic analysis of the same utterances,
they found that: "electromyographically anticipatory nasal
coarticulation generally followed the so called "look-ahead"
mechanism ..." (ibid., p. 315) and also that "there seems to
be no anticipatory lowering of the velum during the vowel seg-
ments before a syllable boundary in the /CVV'VN/ environment."
(ibid., p. 315) This was not verified by Benguerel et al.
(1975a,b) in their study of velar movement during the produc-
tion of French vowels (both oral and nasalized) in various
“environments. They obtained fheir data by recording EMG ac-
tivity of two velar muscles (levator veli palatini and palato-
glossus) and by simultaneously filming velar movement with a
_fiberscope. They found (ibid., p. 80) that utterances such

as /ana/ (where an oral vowel precedes a nasal consonant)
"show a LP [levator palatini] suppression starting during the
first half or third of the initial vowel and ceasing in or
shortly after the middle of /n/". Palatoglossus activity in
such utterances was found to be very low. At these particular
moments the fiberoptic films show a lowering of the velum. By
comparing the utterances /tat/ and /tdf/ they found that a
lowering of the velum is often accompanied by increased palato-
glossus activity in /tdt/, and that this appeared to corre-

spond to a suppression of levator palatini activity.
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These results suggest that a lowering of the velum might
be controlled differently for the production of nasalized

vowels than for the production of nasal consonants in French.

Bell-Berti and Hirose (1975, p. 69) also combined both
EMG and fiberoscopic. cihematography and showed that "there
i1s a strong correlation between the siZe of tbe increase in
EMG potential and the size of change in velar height". Their

electrodes were inserted in LP enly.

2.43 Results Obtained by Use of Cinefluorography and

"Aercdynamic Parameters

Lubker and Moll (1965, p. 268) using cinefluorography
and measuring simultaneouely oral and nasal airflows found
that onimanyxeccasioné, there may exist éh””ihcrease in air-
flow from the nose while the amount of velopharyngeal opening
remains constent“and velar»height decreases". One of their
explanations for this phenomenon is that:

"velopharyngeal orifice area may be increasing
even though velopharyngeal distance at the mid-
line does not change; that is, the measures of
velopharyngeal distance may not provide an ade-

quate index“of velopharyngeal opening". (ibid., p. 268)
Their explanation seems plausible and stresses the fact that
direct measurements of velopharyngeal port opening cannot be

obtained with a cinefluorographic method.
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2.5 Perception of Nasality in the Literature

Since nasality is so closelj related to the movement
of the velum, dysfunction of that organ wiil produce notice-
able distortions of -the speech signal. In particular, cleft
palate patients have a strong nasality componenf in their
speech since no velopharyngeal closure can be achieved. There-
fore, it is not surpriéing,that much of the research on
nasality has been done using cleft palate patients as subjects.
Some devices such as the "Veoice Systéms Nasality Meter" pre-
sented by Weatherley—White et al. (l96ﬂ5 have been built to
measure nasaiity, but as Moll (1964, p. 373) has remarked
"it appears that listener Judgement techniques provide the
only direct and logically wvalid measﬁres of nasal voice qual-
ity." uIn studles on perception ofvnasality, speech patholo-
gists, particularly thdée trained in treating voice disorders,

are usually used as judges. Only a few of the experiments

pertinent to our investigation will be reported here.

Spriestersbach and Powers (1959) used regordings of seven
isbiéted vowels and of'connectedvspeech produced by fifty chil-
dréﬂ with cleft palatéé. ,Thirty trained speech therapists
judged. the severity of-nasality dh‘a 7T-point scale. It was
found that

"severity of nasality in connected speech is related
to severity of nasality for each isolated vowel
studied... For cleft pélate'speakers high vowels are
in ‘general, more nasal ‘than low vowels. For vowels
with fairly comparable tongue height, front vowels

are more nasal than back vowelé“. (ibid., p. 45)
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Massengiil.and nyson (1967) used a cinefluorographic unit
with a television monitor and a synchronized sound track to
study the relatiohship between Velopharyngeal closure on the
four vowels [ii,“[é], [al] and [uy] and Judgements of nasality
for these vewéls. Their ten normal subjectsiattempted_to
simulate varying degrees of nasality while pronounbing the
vowels. Ten students from a speech class were used as judges
of the.nasality using a three point scale. The author's find-
ings wefe that "as the opening between the velum and the
pharyngeal wall increased, the vowels were rafed as beingA
more nasal”“(ibid.; p. 50); The correlation ranked in the
vowel order: [ul, [=], I@]'and [a].Wheré [a] showed the least
_correlation. - Shelton et al. (1967) used two high-sensitivity
microphones to compare nasal and oral seound pressure levels
(SPL) with'nasality judgements. One of_the'microphones was
placed diréctiy below the subject'é mouth, the other was at-
tached to a probe which was inserted in the subject's naris.
.The signals picked up by the microphones wére amplified and
recorded. Sound pressure level measurements of the recorded
signals were then made. The authors.- found that a statisti-
cally signifiéant cofrelation existed between nasal SPL and
nasality judééments, but that such .a relationship "is not
sufficiently great to warrant use of the apparatus in the
diagnosis of nasality in individual clients". (ibid., p. 557).
During the last decéde{ Fletchér developed an instrument '
called TONAR (The O?al;Nasal Acoustic Ratio) which seems té

be. reliable enough to measure, quantify and display relative
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nasalization in continuous speech. (see Fletcher, 1970,
Fletcher and Bishop, 1970). The latest version called TONAR
II (Fletcher 1976, p. 31) "is used to derive a-numerical
acoustic ratio score expressed in pércent "nasalance", which
feflects the relative proportion of sound within a specified
frequency band [350-650 Hé]lemitted from éhe mouth and nose
during speech". In the same study, Fletcher found a high
correlation- (0:91) between the "nasalance" scores and judge-
ments of nasality made by'naive listeners who were presented
with recordings of cleftvpalate speakers reading a phonemi-
cally balanced passage containing no nasal sounds. Possible
clinical application of TONAR II for self monitoring of velo-

pharyngeal closure is discussed in Fletcher (1972, 1973).

Ali et al. (1971) studied perception'of coarticulated
nasalify. They usgd CVCAand CVvVC syllables‘where the final
consonant was either‘naSal or non—nasalﬂ_ They spliced out
the entife final consdnant along with its vowel-consonant
transition and presented the stimuli to twenty-two subjects.
They found that the subjects could accurately predict whether
the segment truncated was nasal or hon—nasal and in particular
that "consonants which followed the low back /a/ were per-

ceived as nasal with a significantly greater frequency than

the vowels /u/, /el/ and Vaval (ibid., p. 540)

Even though the-proposed'expéfiment slightly differs from

fhose outlined above, 1t is hoped that some of 1ts results
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will be relatable to them. Although most subjects in ﬁhis
study are not trained to assess a nasal quality to a stimulus,
it is expected that their task be relatively eésy because of

the phonemic oral/nasalized vowel difference in their mother

tongue.
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Chapter 3
MATERIALS AND METHODS
3.1 Stimuli

The vowel stimuli used for the two perceptual tests

were of the following types:

I: 3 (reference) oral vowels: a, e,‘o
I1: 3 (reference) nasalized vowels: &, &, 3
III: 15 (test) nasalized vowels: G1, 8o, G3, Gy, s,

Iv: 9 (test) oral vowels: Q1 Q, Q3, €1, €5, 83,”
91, 22, 33[
Items of types I) IT and III were used to construct Test 1

while items of typés I, IT and IV were used for Test 2.
The 3 (reference) oral Vowelslwere spliced ouf of the 3
words /tat/, /tet/, /tot/.:

The 3 kreference) hasalized Vowels were spliced out of the
3 words /tdt/, /tE€t/, /t3t/.

The 15 (test) nasalized vowels were constructed from 5 single
periods isolated in each of the 3 words /tat/, /t&t/, /t3t/
whereas the 9 (test) oral vowels were constructed from 3 single

periods isolated in each of the 3 words /ana/, /ene/, /ono/.

3.2 Selection of Stimuli Utterances

The words /tdat/, /t&€t/, /t3t/ from which the stimuli of

type III were constructed, were taken from the original sound
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track of the experiments by Benguerel et al. (1975a,b). They
had been originally produced in isolation by Benguerel, a na-
tive speaker of French from Lausanne, Switzerland. After
digitization, these original recordings were observed on a
computer scope screen. The reader is referred to Section 3.3
for a more detailed description of the digitization method.
TheVEXperimenter was able to determine the fundamental fre-
quency for each utferance by counting the n;mber of samples

in each cycle of the vowel.

A pilot experiment had shown that fundamental frequency,
wintensity and duration of the stimulimcould influence the 1lis-
teners' judgement by providing spurious identification cues.
It -was therefore decided to use stiﬁuli where no variations
of these parameters could be used as cues by the listeners.
The /ana/, /ene/, /on>/ utterances were found to have a lower
fundamental frequency ( 130 Hz) than the /tdt/, /t&t/, /t3t/
utferanées ( 143 Hz). It was decided,to keep the original
recordings of /té&t/, /t&€t/, /t3t/ to construct vowel stimuli
and to re-record a series of /ana/, /ene/, /ono/ utterances.
However, since the_/t&t/, /t&t/, /t3t/ were too short to con-
struct reference stimull, the same speaker used in Benguerel

et al. (1975a) recorded the 9 utterances /tat/, /tet/, /tot/,

/tat/, /tEt/, /t5t/, /anal, /ene/, /ono/.

The utterances mentioned above were recorded on an audio
tape using a Revox A 77 tape recorder and an Altec 681 ALO

microphone. A pure tone of 143 Hz, monitored with a calibrated
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frequency counter, was presented via headphones to the speaker
who attempted to phonate at the frequency he heard. The
speaker also prolonged hisl/tat/, /tet/, /tot/, /tdt/, /tEt/,

/t3t/ utterances.

Narrow band specfrograms of all the re-recorded utter-
ances were made to deéermine the sequences with the steadiest
fundamental frequency. Eventually, twelve words with a funda-
mental frequéncy between 142 and 146 Hz were selected to con-

struct the test stimuli.

3.3 Vowel Editing

The twelve selected utterances were digitiied and stored
on a LINC tape using a PDP-12 computer and a set of programs
developed by Lloyd Rice at UCLA. The computer can sample the
speech signal at a rate of up to 12,000 samples per second.
However, at. such a high rate, only approximately 1.5 second
of speech can be digitized because of the slow transfer of
samples to the LINC tape. Once the core buffer has been
filled, samples are lost and a noticeable distoftion of the
speech signal is produced. To overcome this problem, the
audio tape containing the selected utterances was played at
half speed. The signal was sent to the computer via a Rockland
LP filter with a 48 dB/octave attenuation slope and the cut;off
frequency set at 6,000 Hz. The result of this operation was
equivaient to the digitization -of the utterance at a sample
.rate of 12,000 samples per second, when played at regular

speed (see Fig. 1 a).: The volume control of the tape recorder



- TAPE .
RECORDER

PDP-12

COMPUTER

LOW-PASS . AD - PDP-12
FILTER CONVERTER COMPUTER
Fig. 1la. Block diagram of apparatus for digitization of speech signal
D-A ™1 Ltowrass ™1  TarE
CONVERTER ATTENUATOR FILTER RECORDER
RELAY
CONTROL

Fig. 1b., Block diagram of apparatus for production of test items

fic



25

was adjusted for each utterance so that all the stimuli words
were digitized at approximately the same peakAintensity. The
speech signal stored on the tape was then displayed on the
oscilloscope screen. A knob enabled the operator to_vae the
signal back and forth on the screen. A.program made it pos-
sible to isolate parts of the digitized signal and stére them

on tape.

Single cycles, containing as much as possible the same
number of samples? and taken at fiVe different places in the
/tat/, /t&t/, /t3t/ utterances taken from the data of Ben-
guerel et al. (1975a,b) and at three different places in the
re-recorded /ana/, /ene/, /ono/ utterances, were isolated
-and stored on the LINC tape. Intervais between the selected
cycles were approximately the same. Edited cycles.were always
taken between two zero—cfégsing of the signal wave. Each of
the single isolated cycles was then reprodupedmﬂo times and .
stored on the LINC tape. The signals so produced were long
énough to . be identified by the listeners. Portions of vowels
takeh from the re-recorded /tat/, /tet/, /f;t/, /tat/, /t&t/,
/t3t/ utterances, having a length of 40 cycles Were isolated
and stored on the computer tape. .The envelopes of the signals
SO producéd hédia recpangular shape. They were given a trape-
zoidal shépe to produce a smooth onset and offset of 25 ms:

each.

The digitized signals were reconverted into analog signals

and recorded on an audio tape via a low pass filter which was



26

set at 6,000 Hz to eliminate high frequency digital noise
generated by the computer (See Fig. 1b). Mingograms, includ-
ing a speech power display, were made of the vowel stimuli
obtained and differences in vowel intensity were found in com-
parison with calibrated 1,000 Hz pure tones recorded at several
reference levelgzh it~was then decided to correct the intensity

of each vowel so that they all be within i.5-dB of each other.

3.4 Test Preparations

Two tests (Test 1, Test 2) were constructed. Both tests
contained the six_referencé vowel stimuli-a,e,o,a,€,5. This
was done to evaluate the listeners' subjective judgement of
the degree of nasality attributed to unmodified vowels and to
help establish a base line for thé evaluation of the listeners'

responses to the vowels reconstructed from single cycles.

The items of Test 1 consisted of five presentations of
each of the-six,reference vowel stimulivanq of the fifteen re-
constructed vowels from the origi;al /tat/, /tE€t/, /t3t/
uttérances; The test stimuli were recorded in random order
‘on one track of a stereo tape. No two stimuli originating
from‘?he same utterance were juxtaposed. Ten "buffer" vowels,

selected from the 105 test stimuli were recorded, five at the

beginning, and five at the end of the tape.

For Test 2, the test items consisted of five presentations
of each of the six reference vowel stimulli and of thé nine re-
constructed vowels from the re-recorded /ana/, /ene/, /ono/

utteranoes.'wA total of 85 vowel stimuli were recorded.
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In both tests a silence of five seconds was inserted be-
tween the end of one stimulus and the beginning of the next.
In the five seconds preceding each stimulds, French numbers
from 1 to 115 and from 1 to 85, for Test 1 and Test 2 res-
pectively, were recorded ‘at low intens%ty level ‘on the other
track of the stereo tape. -Only items #6 to 110 (Test 1) and

#6 to 80 (Test 2) were considered in the analysis.
3.5 Subjects

'Twentyeseven native speakers of French were used as sub-
jects. Their ages varied between 20 and 45. They had been
in North America for periods raﬁging from a few days to
eighteen years. Most regions of France, including St. Plerre
and Miquelon (three subjects) were represented. Two subjects
were born in Switzerland,-another subject waslborn in Southern
Belgium and one was born in Vei d'Aosta in Nofthern Italy, and
was bilingual. One of the French-born subjects (aged 22) had
been.living in Canada for most.of his 1life bét the language
_speken at home was F}ench;"All but one of the subjects had a
working kﬁewledge of English; eight subjects had no knowledge
of phonetics, while ten had had phénetic training and fifteen

were teachers of the French language.

The subjects reported no history of deafness or hearing
loss. Two’supjectsAwho were concerned about a possible loss
were given a thorough audiological examination. Their hearing

was found to be well within limits of normal range.
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3.6 Test Procedure and Equipment

The subject was seated in a quiet room with an ambiant
noise of about 35 dBA as measured on a B & K model 2203
sound level meter: The tést tape was played on a Revox model
A 77 tape recorder through a set of GSC headphones model
TﬁH 39-300Z at a level corresponding to 70 - 80 dB SPL as
measured through the same headphones with a B & K model 2203
sound level meter, é B & K model 4152 artificial ear and a

3

6 ecm® coupler.

Subjects were instructed, in -French, to assess the degree
of nasality of each vowelvstimulus on a 5 point scale (See
Appendix for the actual wording of the written instructions).
In addition 1t was pointed out to the subjects that the tests
did not contain any specific number of oral or nasalized
vowels. Therefore, they were encouraged to note down what they
actually heard, ahd not to assume any particular distribution.
For example; 1f they thought they heard every stimulus as nasal

they were instructed to check the column "nasale" all the time.

The first five items were played to them. The tape was
stopped and the subjects were asked if they had any questions.
The tape Waé then reset at the first item and formal testing
began. Fifteen subjects were presented with Test 1 first and

the remaining twelve heard Test 2 first.
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Chapter 4

RESULTS

4.1 Data Analysis

4.11 Storage and Sorting of the Data

In order to analyze the results of the perception tests,
listeners' responses were assigned a nﬁmber from 1 to 5 cor-
responding to the number of the column 1n which they had reg-
istered their answer; for instance, an answer "orale" was
assigned a 1l, an answer "nasale" a 5. Listeners' responses
were then stared on a‘LINC tape so that they would be available
for computation. Responses to items #6 through 110 in Test 1
and to items #6 through 80 in Test 2 were then sorted in
matrix form, for each liétener separately. An example of such
a display is shown in Table I. It was felt that hearing only
five "buffer" stimuli might not be sufficient for most listen-
ers and that a better evaluation of their performances might
be obtained by coﬁsidering only theilr responses to the last
four presentations of each stimulus. It was decided to com-
pare their responSes to all five presentations of each stimu-=
lus, with their responses to the iast four presentations of
each stimulus. The mean and standard deviation of each lis-
tener's responses to the five presentations (mg, sg) and to
the last four presentations (my, sy,) of each stimulus were
computed and listed in Table I. Also in each case and for
each test, the average standard deviations (55, S, ) were com-

puted. Table I is an example of the sorted data for subject



Suject#10

Test 1.

Stimuli Résponses ms 85 my sy
Q 51111 1.80 1.60 1.00 0.00
€ 11111 1.00 0.00 1.00 0.00
o 11111 1.00 0.00 1.00 o0.00
a 52445 4,00 1.16 3.75 1.09
g 14444 3.40 1.20 4.00 0.00
3 55555 .5.00 0.00 5.00 0.00
[¢%1 42111 1.80 1.17 1.25 0.43
ay 51111 1.80 1.60 1.00 0.00
Q3 4L 24345 3.80 0.98 3.75 1.09
Qy §5545 4.80 0.40 4.75 0.43
ds 35554 4.40 0.80 4;75v 0.u43
g 51111 1.80 1.60 1.00 0.00
&2 15555 4,20 1.60 5.00 0.00
€3 55555 5.00 0.00 5.00 0.00
gy .55585 5.00 0.00 5.00 0.00
€5 11111 1.00 0.00 1.00 0.00
31 11111 1.00 0.00° 1.00 0.00°
3, 44111 2,20 1.47 1.75 1.30
33 b 2112 2,00 1.10 1.50 0.50
3y 4.5 54 2 4,00 1.10 u4.00 1.22
3g 55111 2,60 1.96 2,00 1.73

' $50.84 54=0.39
Test 2.

Stimuli Responses mg  Sg - My sy
Q 22214 2.20 0.98 2.25 1.09
€ 11111 1.00 0.00 1.00 0.00

11111 1.00 0.00 1.00 0.00

-

a 45554 4.60 0.49 4,75 -0.u3
g 55545 4,80 0.40 4.75 0.43
3 55555 5.00° 0.00 5.00 0,00
[«%} b ug12 3.00 1.26 2.75 1.30
Qs 11111 1.00 0.00 1.00 1.00
Qa3 24415 3.20 1.47 3.50 1.50
€1 11111 1.00 0.00 1.00 0.00
€2 11111 1.00. 0.00 1.00 0.00
€3 11111 1.00 0.00 1.00 0.00
o1 11111 1.00 0.00 1.00 0.00
o2 11111 1.00 0.00 1.00 0.00
.03 111131 - 1.00 0.00 1.00 0.00

$5=0.31 54=0.32

Table I. Sorted data for Subject #10
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#10; it represents her responses to Test 1 and Test 2 sorted

as described above.

In Table I the left column represents the test stimuli.
Reference vowels in the order: a, €, o, &, 5,75 were listed
first, followed by the correspoﬁding constructed stimuli. The
next five columns list for each stimulus the subject's res=-
sponses; the last four columns list ms, ss, my, sy, for each
stimulus. From now on, the test stimuli will be referred to
in the forms indicated in Table I. The scores to the last

fbur responses and to all five responses will be referred to

as my's and ms5's respectively.

Table I suggests that subject #10 might have experiénced
some difficulty in assessing a degree of nasality to some of
the stimuli the first time they were presented. It can also
be nbted that s, is smaller than Ss in Test 1. The same
observation was made for most of the subjects éﬁd in both tests.
This suggests that the subjects' responses to the last four
presentations of each stimulus are more.representative of their
judgement after adaptation fo‘the test itéms than are their

responées to all five presentations.

3

4,12 Normalization

Some listeners, consistently, did not use the extremes
of the five-point scale while responding to presentations of
the reference'vowéls. "Therefore, their five/four response

scores were distant from the extreme scores (1 or 5) for both
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Qral"énd nasalized'vowéls. A1l the data was thus normalized
by mappilng.B the scofes for the reference vowels onto 1 and 5
(oral énd nasalized) and for the corresponding constructed

stimull by using the following transformation formula:

where a = subject's score for each oral
- reference vowel

b = subject's score for its nazalized
counterpart

m-= subject's non-normalized score for
one of its constructed counterparts.:

n = subject's normalized score for this
same constructed vowel

It can be seen that this formula maps the reference vowel
scores onto 1 or 5, as desired. Hence, the standard devia-
tions of the normalized scores for the reference Voweis are

Zero.

Table II shows the normalized scores and their standard
deviations for subject #10's responses to all five and to the
last four presentations of each stimulus. Original scores did
not always map onto a number from 1 to 5. In cases where
m < a, thenn < 1; where m > b, then n > 5; where a = b, then
n > «, and where b*< a then n in many cases becomes negative.
The standard deviations (SD) for the normalized scores of the
constructéd;stimuli-are usually larger than the SD's for the
non-normalized scores. This is due to the fact that normalized
scores were 1in generél larger fhan the non—normalized ones

(because in general b - a < 4).



Subject#10

Test 1.
. Stimuli Normalized mg SD Normalized My SD
a - 1.00 0.00 1.00 . 0,00
€ 1.00 0.00 . 1,00 0.00
: 1.00 0.00 1.00 0.00
a - 5.00 0.00 "~ 5.00 0.00 .
g 5.00 0.00 5.00 . 0.00
5 5.00 0.00 5.00 0.00
a, 1.00 2.12° 1.36 0.63
dg 1.00 : 2.91 1.00 0.00
a3 4.64 1.78 . 5.00 . 1.59
dy © B.45 . 0.73° o e 6.U5 0.63
as , 5.73 1.45 6. 45 0.63
& 2.33 2.87 1,00 0.00
& 6.33 2.67 " .6.33 0.00
&3 - 7.67 0.00 . T 6.33 0.00
gy 7.67 0.00 6.33 0.00
M . 1.00 0.00 1.00 0.00
3, 1.00 '0.00 1.00 A 0.00
5, 2.20 1:47 " 1.75 _ 1.30
33 ‘ 2.00 1.10. 1.50 - 0.50
3y 4,00 1.10 4.00 T1.22
3g 2.60 1.96 2.00 1.73
Test 2.
Stimuli Normalized msg SD . .Normalized my SD
a 1.00 1 0.00 100 0.00
€ 1.00 0.00 © 1.00 " 0.00
2 1.00 - 0.00 1.00 0.00
a 5.00 . 0.00 5.00 . 0.00
g 5.00 0.00 . 5.00 . .0.00
3 5.00 0.00 " 5.00 ' 0.00
ay 2.33 2.11 - 1.80 - 2,08
a; -1.00 0.00 ' -1.00 0.00
a3 2.67 2.45 .- 3.00 . 2.40
€1 . 1.00 . 0.00 - 1,00 © 0,00
€2 - 1.00 0.00 1.00 : 0.00
€3 1.00 0.00 - 1.00 © . 0.00
o1 _ 1.00 0.00° 1.00 - 0.00
22 - 1.00 0.00 1.00 0.00

‘23 1.00. - 0,00 1.00 0.00

‘Table II. Normalized scores for Subject #10's reéponses to all

five and to the'last_four presentations of each stimulus type:
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4.13 Criteria for Selecting the Best Subjects

“Q;Eaéh subject's responses were tabulated as in Tables I
and I, and‘examined individuaiiy. Some.of the listeners
appeared-to have berformed more consistently than others. It
was then decided to select the best subjects (éccording to
some QQnsistency criteriony_and to compare their results with:
those of the entire population. Using the responses to the
last fouf presentatdions, tWo criterié, based on ability to
differéntiatembétween ofal.énd.nasalized vowels were estab-

lished:

Criterion-1: ,ifmé éﬁbject made therral/nasalizéd dis-

-. tinction for the six pairs of reference
~vowels in both tests by having m, < 3 for
all oral reference vowels and on my > 3
for all nasalized reference vowels, then
he was deemed to have passed Criterion 1.
This subjéét;s performance for the other
stimuli could be expected to be adequate
sinée he/she cled use the»yeference vowels
as gui&ésvin.his/her Judgement.

Criterion.Z:; For each féference vowel and for each test,

- the distribuﬁion of the 27 sﬁbjects'mq 's

wefe established.' For each pair of refer-
enpé vowels the'differenqé betwéen the lower
quartilelvalue %or theunasélized.vowel and

the upper quartile for the oral vowel wés
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determined and'listed in Table III. These
differences ranged from 1.25 for e/§ in
Test 2 to 2.75 for /3 in Test'Z. Simi-
larly, calculated differenées were deter-
mined for score intervals other than the
quartile 1interval but no chanée in rank

“order (between vowel pairs) was 6bserved.

. (Possible implications of these values

- will be discussed in section 4,23). For
‘each spbjeét énd fér each'pair-bf reference
vowgls the differences between the my of
each nasalized vowel and the my of its oral
counterpart were calculated. If the six
values so obtained for each subject were
larger or equal to the corresponding»values
listed in Table III, the subject was deemed
_t&_have passed Criterion 2. §ubjects pass-—
ing this crite?ion were felt to have made a
definite discrimination between oral and

-nasalized reference vowels.

Two cher bossible critefia Eased on the subject's consist-
ency in responding were considered: 1) selecting a subject if
he/she had résponded at least 3 times on the same side of 3 for
the different stimuli; 2) selecting a subject if his/her aver-
age standard deviations sy's in both tests were smaller than

the median s,. These two criteria, however, were felt to be
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Reference vowel ‘ my, quartile
pairs differences
Test 1.
a/d 1.75
e/€ . 1.50
2/3 2.00
Test 2.
a/a 1.75
e/€ . 1.25
2/3 2.75

Table IITI. my quartile differences for criterion 2
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too depeﬁdent on the éubject's strategy and on tﬁe nature of
the constructed stimuli. They were thought to be less effi-
Cient-than the others -and Wgre‘thus not used. Nine subjects
wefé then grouped together and their scofes as a group were
-compared with the scores of the entire population as a group.
Both the flve-response scores and the last-four-response
scores were considered separately. In each_case, phe non-
anmalized scdféé Wefe averaged separatély for the 9-subject
group and for the 27-subject éfoup»and the staﬁdard deviations
Wére found. The normalized,sqores'of the 9-subject group were
also averagea and theif sfgﬁagfd'deviations computed. Since
néfmalization of certain sﬁbjects' scores resulted in some
very large, very small or negative numbers as mentioned in
section 4.12, the averages and standard deviations of the nor-
malized scores for the 27-subject group were not computed.
Not surprisingly, the standard»deviafions of the 27-subject
group wefe'found to be larger thdh those of the 9-subject group.
' The results of fﬁe-above computations are shown in Fig. 2 to

T PFig. 5.

Each figure summafizes the results of one test. On each
graph the‘ﬁriangles and dash-dot 1line repfesents the average
scores for:the'27—subject,groﬁp. The circles and dash line on
. the one hand and the squares and solidnline on thé other hand
__represen%rfhe average hon—normalized aﬁd averagé”normalized

scores, respecti#ély; for the 9-subject group.
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4,2 Analysis of Graphs

4,21 General Observations

Whether, in the data presented in Fig. 2 to Fig. 5, one
considers the scores averaged on five or four responses, for
the 9-subject group or for the 27-subject group, non-normalized
or normalized (for the 9-subject group), the curves obtained
ﬁave basically the same shape. The main difference is that the
standard deviations, although not plotted, are always greater.
for five responses than for four; they are also greater for the
27-subject group than for the 9-subject group. Average scores
for the 9-subject group reach more extreme values than do those
for the 27—subject group and as one should expect, the average
scores for the normalized data also reach more extreme values
fhan for the non-normalized ones, sometimes even greater than

5, e.g.- for €3 and &, on Fig. 2 and Fig. ..

b, 22 Analysis of Individual Vowel Types

Since, as shown above, the average 'score curves were
basically the same for the 27-subject group as for the 9—subject
group, it was decidéd to use the curves represeﬁting the aver-
age scores of ﬁhe whole population in analyzing the subjects'
responses to.individual.vowel types. vThis was done in an at-
tempt to obtain more geﬂéral resﬁlts and thus, give more weight
to the observations. The same comments will hold for any curve,

mutatis mutandis. If an average score 1is less than 3,it will

be postulated that the listeners judged the vowel as "orall;



if an average score is more than 3,1t will be bostulated that
the listeners judged the vowel as ”nasalized”,and if an aver-
age score 1s close to 3,it will be saild that the listeners
.assessed an "in between" quality to the vowel. Considering
the subjects' average scores for the stimull constructed from
/tdt/ as displayed on Fig. 2 and Fig. 4, one may notice that
the average scores for d; and d, are less than 3 and that the
average scores for dy and ds afe more than 3. The a?erage
scores for Qa3 are close to 3. The boundary between "oral"
and "nasalized" appears to be around d3. It can also be no-
ticed that average scores for d,; are usually less than those
for a;; this would suggeét that subjects had a tendency to
Judge 4, as more "oral" than d;. These items were thor-
oughly rechecked to rule out a possible inversion of the two
items in the preparation of the listening test tape. No ex-

planation can be found to explain this observation.

For stimuli constructed from /t%t/, one notices (Fig. 2
and Fig. 4) steadily increasing average scoréé from €; to &y,
the boundary between "oral" and "nasalized" occurs between
€1 and €,. Average scores for €5 are much smaller than those
for €, and would suggest that és_had been judged as "oral"

by the listeners. A discussion of this point will be pre-

sented in Section 4.3.

For stimuli constructed from /t3t/, the graphs on Fig. 2
and Fig. 4 show an increase in average scores from 3; to 3Js.
The boundary between "oral" and "nasalized" occurs between

51 and 52.
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Considering the subjects} average scores to stimuli
constructed from-/ﬁna/ displayed in Fig. 3 and Fig. 5, one
notices that the average score for a; and a, are smaller than
those for az. The average scores for a; and q, are less than

3 and the average scores for a3 are slightly more than 3.

TheAgraphs on Fig. 3 and Fig} 5 also show that the aver-
age scores for stimuli constructed‘from-/é;e/ and /ono/ are all
less than 3;;andrthat the average scores for o5 are slightly
less than those for o; and oz; So, the listenefs“judged stim=, .
uli constructed from /ana/,/ene( and /ono/ as being mostly
'E”éral”, with the exception of a3 which was Judged "in between".
Nénelﬁf these stimuli were perceived és "nasalized" as was the
case fgfistimuli constructea from /tdt/, /t&t/ and /t3t/, but
average scores indicate that some stimuli were judged more

"oral" than others.

4.23 General Trends

Table IV shows the stimulli immediately preceding each of
the last four presentations of the reference vowels in both
tests and their average scores with respect to '3 in parentheses

for the.27-subject group.

It will be noted that those stimull preceding presenta-
tions of ¢ and 4 have average scores more than or close to 3
in Test 1 and less than or close to 3 in Test 2. In order to

investigate a possible influence of the preceding stimulus on

thé listéners' Judgement for these particular reference vowels,



Test 1.

Reference vowel Preceding stimulus
3o (=3). &5 (<3) Sy (>3) €10(<3)
az (=3) 35 (>3) dsz (#3) 55 (»3)
o} g5 (>3) €5 (<3) €y (>3) €1 (<3)
a 53 (>3) €2 (>3) By (>3) 355 (>3)
g 31 (<3) a1 (<3) 33 (>3) 3y (>3)
3 €1 (<3) €3 (>3) €1 (<3) €2 (>3)

Test 2.
Reference vowel Preceding stimulus

a gy (<3) €1 (£3) e (<3) o (<3)

apy (<3) ag (=3) ap (<3) a; (<3)
) g3 (<3) g1 (<3) a (>3) a3z (=3)
a g3 (<3) oo (<3) o3 (<3) 03 (<3)
g o3 (<3) o] (<3) a3 (=3) 2, (<3)
3 ap (<3) - e3 (<3) a (<3) e (<3)

Table IV. Stimuli preceding each of the last four presentations
6f the refepende vowels in both tests and their average scores

(27-subject group) re.:3



t-tests were run to compare the scores of these vowels in

Test 1 and Test 2. The t-tests show no statistically sig-
nificant differences between the scores. Thus it appears

that the preceding stimulus had no significant influence on-
the listeners' responses to the last four presentations of

e and 4 in either test. It méy be concluded therefore,

that this assumption does also apply to any other test item.
Table V lists the subjects' standard deviations (s,) for the
reference vowels in both tests (sy's of the 9-subject group
were listed on the left of the table).» Considering each group
of subjects separately, a series of t-tests was run to compare
the distribution éf the sqés of each reference vowel with the
distribution of the s,'s of all six reference vowels, for each
test separately. The only significant difference was in the
27—Subjeét group 1n Test 2 where the sy's for 3 were found to
be statistically significantly different from the six refer-
ence vowels as a whole (pg.0l). Table V shows that, for this
groub, Sy's for 3 in Test 2 are genefally,smaller than the su's
for the other reference vowels and that there are more s, 's
equal to-zero for 3. This suggests that 3 was more easily

§

identified than the other refefence vowels 1in Test 2.

As noted in section 4.13, the pair €/& in Test 2 had an
my, quartile difference of 1.25 whereas the palr 35/3 had a
difference of 2.75. This shows that the listenersbchose more
extreme values in responding to € and € ., This may be at-
tributed to three possible factors: 1) & might be percep-

tually less nasalized than 3, i.e. a listener might, in
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general, attribute less nasalization to an E%] than to an [3].
It was noticed, for instance, in,the computation of the m,
quartile differences for each pair of reference vowels (listed
in Table III) that, in Test 2, the'upper gquartile scores for ¢
and o were apart by 0.25 only but that the lower quartile

score for §'was 1.25 less than that for 3. This would indicate
that the listeners made some difference between the & and 3,

by assessing a lower degree of nasalization to €. Thus, one
should expect the m, quartile difference for the e/§lpair to

be smaller than thét for the o/3 pair. 2) The fact that 3

was more easily identified‘as nasaliZed than the other nasal-
ized reference vowels may be due to thé particular‘épeaker used
in this experiment. After having completéd the task, many
listeners reported that they "recognized" the 3 more easily
than other stimuli. 3) On the other hana, 1t could be that

in general 3 1s more easily identified as nasalized than € or
4, regardless of the speaker. One way to verify this point
would be to répeat the experiment with several speakers and

to observe whethér there is any vowel-speaker interaction as

far as perceived nasalization is concerned.

Another series of t-teéts compared the subjects' s,'s
for each constructed vowel with the s,'s for the reference
‘vowels. No. significant difference was found. One might have
expected to find a difference which reflected the fact that
the constructed stimuli were harder to judge.. Results of the
f—tests, however, Suggest that the constructed stimuli were

not more difficult to judge than the reference vowels.



L9,
No ‘pattern could be found concerning a possible test

order effect. However, of the 9 subjects who passed criteria

1 and 2, 7 had been presented with Test 1 first.

4.3 Correlation of Resulté with the data of Benguerel

et al. (1975a)

The data of Benguerél et al. (1975a) being available,
comparisonS“Were made between resulfévof thelr study and
those of the present one in an attempt to correlate them.
Benguerel et al. (1975a) mad plotted the time course of velar
height for the different utterances used in their study.
Thelir Fig. 3 (ibid., p. 71) is an example of such a curve for
two different tokens of /;ot/ and for one of /t3t/. This
figure shows 1A particular that there eXists a strong token-
to-token repeatability. Because of this, Benguerel et al.
(1975a) had blotted the time course of velar height for one
only of each token type of their data. _It‘ﬁo happens that a
"biotting of veiar height in time had been done by Benguerel
et al. E1975a) for the token o% /t&t/ which was used in this
study (see Fig. 6). This unpublished parficular plot was thus
used to correlate thelreéulté of the present study with theirs.

The other unpublished plots of Benguerel et al. (1975a) were

also used because of the high token-to-token repeatability.

Each-one of the constructed stimuli was linearily pro-
jected onto the plots of Benguerel et al. (1975a). One was
then able to determine the presence or absence of an opening

of the velopharyngeal port for each one of-the constructed
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Fig. 6. Time correspondence between the five € stimuli and the

velar height curve of Benguerel et al. (1975a)



Subjects' Velopharyngeal

Stimuli judgement port
di , Oral Closed
Go ‘ Oral Open
ds In-between Open
ay Nasalized Open

. 85 Nasalized @losed
€ Oral Closed
g, Nasalized Open
§3 Nasalized Open
€, Nasalized Open
Es Oral Closed
51 Oral Closed
3, Nasalizgd OPen
55 v Nasalized : Open
S, Nasalized Open
5" Nasalized Open

Table VI, Comparison of the results of Test 1 (27-subject group)
with the data of Benguerel et al. (1975a)

N



Subjects' "Velopharyngeal

Stimuli judgement port
Q] Oral Closed
Qs Oral Closed
Q.3 In-between Open
€ Oral Closed
S Oral Closed
€3 Oral Closed
o1 Oral Closed
o9 Oral Closed
o3 Oral Closed

Table VII. Comparison of the results of Test 2 (27-subject group)
with the data of Benguerel et al. (1975a)
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vowel stimuli by comparing the velar height. (h) for a par-
ticular stimulus with the lower limit (h,) where an opening

of the velopharyngeal port stafts. Tables VI and VII list

.fhese observations.

It should be recalled that the velum is at its lowest
height for the production df open oral vowel; such as /a/.
It was observed previously that &; and &, had avérage scores
less than 3; that average scores for d3; were close to 3 and
that dy and ds had average scores more than 3. To these
stimuli correspondmdifferent positions of the velum in
Benguerel et al. (1975a)}s‘plot of the time course of velar
height for one token of /tdt/. As shown in Table VI, to &;
corresponds a high position of the velum, the velopharyngeal
_port is closed; to d,, d3 and g, correspdﬁd a low position
of the velum, the velopharyngeal port is open; to ds corre-
_sponds a position of the velum slightly above the height
which corresponds to an opening of the velopharyngeal port}
The finding that some stimuli were identified as "oral" when
the velopharyngeai was open or conversely, were identified
as "naéalized" when the velopharyngeal port was supposedly
closed might be explailned by .the fact that we are plotting
our stimulil on a velar height curve -obtained for another
token of the utterance. Although, as was shown by Benguerel
et al. (1975a, p. 71), the token-to-token repeatability was
fairly high, themposéibility of a slight difference in the
timing of tﬂe”movement, especially towards the end of the

vowel and close to the consonant, may not be excluded.
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Looking at Fig. 6 and Table VI, one can see that to the
€1 ahd €5 stimuli, corresponds a velar height slightly greater
~than the limit height at which the Velophafyngeal port is open.
These vowels'have‘an'average score lower than 3. To the
vowels €,, €3, &, which had average scores greater than 3
correspbnds a low velar position and an open velopharyngeal
vport. This suggests that tﬁe limit of velar height corre-
sponding to an opening of the velopharyngeal port is an impor-
tant factor in subjectively determining the "oral"/"nasalized"
quality of the vowel . [e] in French in these experimental con-
ditions. To 3; which had an average score less than 3 corre-
sponds>a velar height greater than the one necessary for an
opening of the velopharyngeal port..-All‘the other vowels
constructed from /tst},i.e. 52, 33, 34, 35,have an opening
of the Velopharyngeal port,and an a&erage score greater than
3.- The same observation made for d, and ds might hold here
to explain the fact that 35 was always heard as more '"na-
salized" than 3, for instéhce,_when the velar position for:

55 on the ﬁlot of Benguerel et al. (1975a) is higher than
for 35,. Tbese resu%ts seem to agree with Massengill and
unyson (1967, p. 51)'s finding that .

"in some instances even though the subject produced
complete velopharyngeal closure (closure indicated
in the cinefluorographic analysis), the vowels
produced were nevertheless judged as being nasal.
On the other hand, some of the vowels were rated
as being normal when there was as much as 8 mm

opening between the velum and the pharyngeal wall".
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Neither fiberoptic nor cinefluorographic methods enable the
-experimenters to_directly ﬁbserve, and measure, movements

of the pharyngeal wall. The observable position of the
velum might indicate a closure of the velopharyngeal port
while in fact somenair may}be escaplng along the sides of
the pharyngeal walls and resonating in the nasal cavity. In
particular, Minifie et al. (1970, p. 594) by using the Doppler
ultrasound method showed that

"the dynamic articulatory gestures within the pharynx
vary systematically as a function of vowel height.
The greatestAinward'movement of the LPW [lateral
pharyngeal wall] occurs during the production of
low vowels, thereby offering the greatest pharyn-
‘geal construction. There is very little move-
ment of the LPW during the production of high

vowels."

As can be seen in Table VII, to . a; and a,, which have an
average score less than 3 corfespond a high position of the
velum and a closure of the velopharyngeal port. To a3 which

has a score close to 3 corresponds a 1ow_velar height which
suggests an opening of the velopharngeal port. This stimulus
was judged>as being neiﬁher "oral" nor '"nasalized" bﬁt rather
as "in between" like dj3 (constructed from /tgt/). - This might
be explained by the fact that Test 2 consisted of items which
were judged by most people as being "oral". Although the
nasalized reference vowels were a111judged as "nasalized" by
mos ¥t iistenérs, a3 was not judged ”nasaiized” but rather

"in between". The average score, close to 3, suggests that



the listeners noticed a slight difference in a3, but the
opening of the velopharyngeal port must not have been large
enough to enable the 1istenérs to assess a '"nasalized" qual-
ity to the stimulus. This finding also seems to match Ali
et al. (1971)'s observation that listeners could predict

the nasal quallty of a consonant 1f it followed a vowel 4@/.
Our stimulus a3 was constructed from a single cycle spliced
out close to the beginning of the consonant /n/ in /ana/.

At that point, one may assume that the cue(s) which enabled
Ali et al. (1971)'s listeners to predict the nasal quality
of the following consénant, might also be present in the
acoustic signal of a3 and influence ouf listeners towards
assessing an "in between" quality to as. All the stimuli
constructed from /ene/ and /ono/ which correspondvto high
velum position and closed velopharyngeal port, were assessed

as "oral" by the listeners.

b, 4  Acoustic Analysis

An acoustic analysis of.eaCh'of the constructed stimuli
of Test 1 and of the oral reference vowels was carried out
using an analysis-by-synthesis technique. The goal was to
observe the variations in the acoustic parameters in vowel

spectra for differént positions of the velum.

To different positions of the velum correspond differ-
ent cross-sections of the velopharyngeal port opening, thus
different nasal coupling. House and Stevens (1956), among

others, haveAstudied variations in the spectra of vowels as
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nasal coupling increased. They used an electrical analog
model and found thaﬁ some of tﬁé effécts in increasing nasal
coupling on vowel spectra are:

1) a broadening and flattening of spectral peaks with most
prominenf changes in the region ofithe first formant;

2) a reduction of the third formant and even elimination of
this peak; |

3) the'presencé:qf‘an‘gnti—resonaﬂéé_in the range,?OQ—lBOO Hz,
"its frequency increaéing as the amoﬁntAof coupling incfeaseé;
4y a double peak in the fegion of the third formant, when

damping in the nasal tract is reduced.

The method used to examine variations in vowel spectra
consisted of visually adjusting a theoretical'acouéticél spec-
trum based on Fant's (1960) model, to fit the spectra obtained
using amplitude sections of the vowels of Test l.. The results,
which are given in Figure 7, are only tentative and should be
examined keeping in mind the conditions under which they were
obtained. The use of a larger and faster computer would per-
mit almost instant display of-the synthesized spectral enve-
lopes after changes have been made. The values given here,
however, will be helpful as a preiiminary study fbr further

research using more sophisticated equipment.

Considering the values obtained for € and for the stimuli
constructed from /t€t/,one may see that:
1) the formant values obtained for e are close to those of

Peterson and Barney (1952, p. 183);
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2) the spectra of ¢, &; and &5 were fitted by a theoret-
ical spectrum which contained no zero, in fact, the spectra
for these stimuli were found to be relatively easy to fit;
for these stimull the corresponding velum position was raised
and the velopharyngeal port closed; not surprisingly, they
were heard as "oral" by the listeners;

3) the spectra of &,, &;, &, seem to require at least one
zero each; for these stimuli the velum was lowered and the
port open; one would expect the spectrum of &, to be similar
to that of €, since velar height was approximately the same;
however this was not the case as the frequency of the =zero

of €, is markedly higher than that of £,.

Looking at the values of the parameters for o and for
the vowels constructed from /13t/, one may notice that:
1) the spectra for o and for 3; are quite similar and the
values of formant frequencies are close to those given for
the vowel [o] in Peterson and Barney (1952, p. 183); for
these two stimull the corresponding velum position was raised
and the velopharyngeal port closed; both were judged "oral"
by @he listeners;
2) the spectra of 3,, 33 and 35 seem to require at least
one zero each, whose ffequency seem to vary inversely with
velar height;
3) the spectrum of 3, does not seem to require any zZero ;
'Ehis spectrum was found to be relatively easy to fit; this
may be due to the small number of measurable harmonic ampli-

tudes on the amplitude section for this stimulus; it is more
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likely, however, that a zero corresponding to the one present
in 33 has moved slightly down 1in frequency and is so close

to a nearby pole that they practically cancel each other out;
thus, no peak or trough would be observable in the spectral
envelope ; the approximated position of this hypothesized
‘zero—pole palir 1s shown in broken lines 1n Fig. 7.

by Fl1 and F2 come close together in 3,, when the velopharyn-
geal port is open; this results in a broadening of the peak

on the vowel spectrum.

Considering the values obtained for the spectra of o and
of the stimuli constructed from /tdt/ one can see that:
1) the spectrum of a does not require any zero and the fre-
quency of the formants are similar to those given by Peterson
and Barney (1952, p. 183) for the corresponding vowel;
2) the spectra of the vowels constructed from /tdt/ seem t0
require a zero in the theoretical spectfa in order to obtain
a satisfactory match; the frequency of that zero increases
steadily from d; to d&s, whereas the velum lowers until a3 and
starts rising thereafter; this may be due to a change in the
configuration of the oral or pharyngeal c¢avitles, associated
"with velar movement, |
3) comparing the spectra of a; and d, on the one hand and
those of a3, a4y and as.on the other hand, it seems that an
-added resonance occurs at approximately 2300 Hz in the speo¥

trum of the vowels of the latter group.
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Considering the results obtained for the stimuli con-
structed from /t&€t/ on the-one hand and for those constructed
from /tdt/>and /t3t/ on the other hand, one may see that the
frequency of the zeros (when they exist) is in general higher
for the /t&t/ stimuli than for the /t3t/ andvthe /tdt/ stimuli.
This could be related to the fact that 3 and 4 are both more

open than €, although this needs further investigation.

Fig. 7 also shows.ﬁhat, the frequency of the zero in-
creases more rapidly"from €, to &, than it does from 3, to
Sy or from d, to dy. This is not surprising 1f one considers
that the oral vocal tract impedance for g is higher than that
for 3 and d. A given nasal coupling will thus have a greater

effect (percentage wise) on & than on 3 or & (see House and

Stevens, 1956 p. 223).

A close examination of Fig. 7 shows that there exists
a correlation between the position of zeros in a vowel spec-
trum and the position of the velum. However, it was found
that two velar height values which were approximately equal
(such as in €4 and €,) did not correspond to the same zero
frequencies. This suggeéts that the frequency of a zero is

not in a one-to-one relation with velar height.
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bhapter 5
'SUMMARY AND DISCUSSION

The main goal of this study was to try to answer the
following questions:
1) What is the maximum amount of velopharyngeal port opening
allowable for a vowel, (produced by a French speaker), such
that it will continue to be perceived as phonemically oral by
a French.listener?
2) Since it was found by Benguerei et al. (1975a) that the
velum position in an utterance such as /tdt/ is changing
rapidly through the vowel, and since a portidn of the phone-
mically nasalized vowel /4a/ is produced with a closed velo-
pharyngeal port, does the listener perform some kind of time
integration to decide whether this vowel is oral or nasalized?
3) What kind of integration is performed? Is it related
directly to the average velar cross-section or to some more

complex auditory function of the velopharyngeal cross-section?

Two listening tests were prepared and presented to French
listeners. Single cycles, spliced out of French vowels and
corresponding to known velar height Were used to construct the :
test stimuli. Each test also contained 6 reference vowels
(oral and nasalized) as controls to evaluate the listeners'

responses.

Test 1 consisted of 5 presentations of the 6 reference

vowels a, €, 2, 4, &€, 3 and of 15 stimuli constructed from
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cycles 1soclated at 5 different places in the vowel of each

of the 3 utterances /tdt/, /t&t/, /t3t/.

Test 2 consisted of 5 repetitions of the 6 reference
vowels and of 9 stimuli constructedvfrom cycles isolated at
3 different places in the first vowel of the 3 utterances
/ana/, /ene/, /ono/. All the utterances were produced by
a male native speaker of French. Listeners recorded their
answers to each stimulus on a 5-point scale, 1 corresponding
to "oral" and 5 to "nasal". Subjects!'responses were sorted
into tables according to stimulus type and order of presenta-
tion (see Tables I and II). The subjects who performed best

were selected according to two consistency criteria.

Subjects' scores as d group were compared to those of fhe
whole population. It wassfound that for each vowel type and
for each test, curves representing nasality Jjudgement (see
- Fig. 2 to Fig. 5) have basically the same shape, whether the
scores were averaged on five or on four responses, whether
for the 9-subject group or for the 27-subject group, and

whether the scores were normalized or not.

By examining the time correspondence between the stimuli
of this study and the unpublished graphs of Benguerel et al.
(1975a) which plqtfthe time course of velar height for the
same utterances (e.g. Fig. 6), it was possible to associate
a position of the velum (thus the presence or absence of an
opening of the velopharyngeal port) with each one of the

stimuli.
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In table VI, it was seen that the transitions from
"oral" to "nasal'" judgements occurs earlier (on a 5-point
scale) for the items constructed from /t€t/ and /t3t/ than
for those constructed from /tdt/. For example, the transi-
tion for € and 3 1s apparently made between €; and &, or
between 3;and 3, whereas for d it is made at d3. This
suggests that a rather large velopharyngeal cross-section
may be necessary for a French listener to perceive the
vowel [a] as nasalized, whereas a smaller cross-section ﬁay
be sufficient to give the vowels [e] and [o] a nasalized
guality. These results agree with those bf House and
Stevens (1956). In their study of.nasalization of vowels
using an analog model, they found (ibid., p. 223-230) that
"as the average area of coupling increases, the 'more nasal'
responses to /i/ and /u/ start sooner and increase faster
than do such responses to /e¢/ and /o/, and the nasal = -
responses to /a/ are the last to be manifested." 1In othef
words, a smaller coupling would be necessary to give a nasal-
ized quality\ﬁo /e/ and /o/ than to, /a/. Moreover, the well-
known fact that the oral vowel [a] is producéd with very low
position of the velum might also explain this phenomenon.

The observation that a3, constructed fromé?d;d/, was Jjudged

as "in between" when the velum was at a pééifion slightly
below that where an opening of the velopharyngeal port starts,
could be used as a counter-argument. However, as was men-

tioned in Section 4.22,the fact that most items of Test 2



65

were identified. as "oral" might have influenced the lis-
teners towards judging a3z as "in between". In the pre-test
instructions given to the listeners,they were told not to
assume any particular distribution of the stimuli aﬁd were
encouraged to note down what they heard even if they thought
everything was "oral". It is possible that the nature of aj
was such that i1t sounded "different" to the listeners simply
because of the high number of stimuli heard as "oral" in

Test 2.

'The results of this étudy show that in general, and as
expected, subjects judged stimuli as "oral" when the wvelum
was raised and the velopharyngeal port closed, while they
rated the stimull as "nasalized" whenever thevvelum was
lowered énd the velopharyngeal port open. The curves of
Fig. 2 to Fig. 5 also show that stimuli are rated as more
"nasalized" as the velum is in a lower position. A relation-
ship appears to exist between the curves representing the
listeners' judgement of nasality and those representing the
timing of velar movement. It seems that this relationship
may not be monotonic, since it was observed that d, was per-
ceived as more "oral'" than 4;, when in fact the velum was

at a lower position for 4, than for a;.

~ ~

In general, 4 was rated as less "nasalized" than & or 3.
In order to investigate this finding the time course of velar
movement was determined for the reference nasalized vowels.

The unpublished plots of Benguerel et al. (1975a) for the
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time course of velar height in the 3 utterances /tdat/, /t&t/,
/t3t/ were used. Considering the high token-to-token repeat-
ability, and assuming an approximate linearity in the tim-
ing of velar movement, it wés found that a relatively large
portion of 4 (about 30%) had been produced with the velo-
pharyngeal port not yet open, whereas, the velum was lowered
completely for the duration of 3, suggesting a relatively
large cross-section throughout. This finding could thus ex-
plain why & was rated as less "nasalized" than 3. Since the
fiberoptic method doésbnot enable one to actually quantify
the velopharyngeal port cross;section, further studies need
to be conducted to correlate the results ofAfhe perceptual
experiment presented here with values of the cross-section

of the velopharyngeal port. Warren and Dubois (1964) have
presented a pressure-flow technique whereby one is able to
quantify the cross-section, using aerodynamic parameters.
Section 2.31 of this thesis describes the method and a pos-
sible experimental set up using the equipment of Benguerel
(1974). An experiment could be conducted to determine the
time course of velopharyngeal port opening during the produc-
tion of utterances similar to those used in this study. One
would then be able to associate a relative value of port

opening cross-section to each stimulus of the present study.

It appears that listeners do perform some kind of time
integration when they judge a vowel as "nasalized" in French.
The fact that the stimulil constructed from single cycles

isolated at different places in the nasalized vowel were
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heard as "oral", "nasalized" or "in-between'" by the listeners
(depending on the plaoé in the Vowel where the cycles had
been isolated) and that the reference nasalized vowels as a
whole were heard as '"nasalized" stfongly supports this hy-
pothesis. It appears that the percentage of a nasalized
vowel during which the velopharyngeal port is closed plays
an important part in the listener's judgement of relative
degree of nasality. For example, it was suggested that the
reference vowel &Vwas Judged less "nésalized” than 3 because
a relatively large portion of 4 was produced with a closed
velopharyngeal port, whereas 3 which was more often identified
as "nasalized" was produced with a low position of the velum
and an open velopharyngeal port throughout. Further studies
could be done to investigate this finding. Vowels could
be spliced out at different places from the utterances /tdt/,
/t&t/, /t3t/, thus containing different proportions of vowel
produced with closed velopharyngeal port. Listeners would
then have to evaluate the degree of nasality of these stimuli.
One would expect the task to be rather difficult for the
listeners, because of the minimal differences between stimuli.
As to the question of whether this time integration is related
directly to the average velar passége or to some more complex
function, this could be invéstigated by running an experiment
such as the one described above where one would correlate the
“time course of (quantified) velopharyngeal opening with the
nasality Jjudgements obtained in theesame way as in the present

study.
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The acoustic analysis reported in the last part of this
study suggests that there exists sbme relation between the
presence of zeros in the spectrum of vowels, the corresponding
position of the velum and the perception of nasalizatiqn. A
flattening of the first peak in the spectrum may also occur
as the velum lowers. The position of the zeros however does
not seem to vary systematically with the movement of the
Velum. Zeros, when they were present, were also found to have.
a higher frequency in the spectrum of € than in the spectra
of d and 3 suggesting a connection between zero frequency and

degree of opening of the vowel. More studies need to be done

in order to investigate further the acoustics of nasalization.

The ultimate goal would be to correlate results obtained
in studying the production, the acoustics and the perception
of nasalization. The various possible experiments suggested
in this study will be hopefully carried out at a later date.
They will somewhat clarify some of the mysteries of the human

speech process.
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APPENDIX

Instructions

Vous allez entendre une série de voyelles.

Votre tfche sera d'évaluer le degré de nasalité de chacune des
voyelles.

Si la voyelle vous semble orale, comme dans les mots: bal, bel,
bol, cochez la case de gauche.

Si la voyelle vous semble nasale, comme dans les mots: pan,
pin, pont, cochez la case de droite.

Si la voyelle vous semble intermédiaire, utilisez celle des
trois autres casés qui correspond le mieux 3 votre Jugement;
par exempie, sl la voyelle vous semble plus orale que nasale

vous utilisez la seconde case, etc.

MERCI



