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ABSTRACT
Alveolar to velar assimilation in stop place
of articulation was studied in German ut-
terances by spectrographic analysis and by
recording tongue movements with an elec-
tromagnetic articulograph. Spectral and
positional differences between the stop
consonants and between different speak-
ing rates were analyzed. Increased speak-
ing rate for the alveolar stops clearly re-
sulted in positional changes of the tongue
towards a position appropriate for velar
stops but still significantly different from
the latter. This seems to be in accordance
with the view that assimilation is a contin-
uous coarticulatory process.

1. INTRODUCTION

In 1988 Nolan [2] reported an EPG study
on English alveolar to velar assimilation of
stop place of articulation in utterances of
the form ... bed girls ...” (vs all velar ”..
beg girls .."). Assimilation resulted in
EPG patterns with reduced as well as with
atotal loss of alveolar contact. This finding
seemed to be in accordance with the view
that gssimilaﬁon is rather a continuous
coarticulatory process than a process of
fcapxml change (cf. also [1]).

Since despite the lack of alveolar contact
even those ‘totally’ assimilated items
could be discriminated from the all velar
utterances better than chance with the fol-
lowing pilot experiments we wanted to
.smdy the differences in tongue movement
in alveolar 1o velar assimilation,

2. PROCEDURE

Two male German speakers read ten utter-
ances of the type "Wir wollen zu Bet ge-
hen” (vs all velar "Wir wollen zu Begck ge-
hen”) ten times at two different speaking
rates (normal/fast) in randomized order.
Besides the audio signal tongue move-
ments were recorded with the help of an
electromagnetic articulograph (AG100,
Carstens Medizinelektronik; cf. [3]) via
three coils placed on the midsaggital line
of the tongue: (1) as far back as possible
(back coil), (2) ca. 0.5 cm behind the the tip
of the tongue (front coil), and (3) midway
between the others (mid coil).

Besides spectrographic analysis of for-
mant frequencies in the middle of the pre-
ceeding vowel and at implosion of the al-
veolar/velar stop, and of acoustic segment
dux:ation, the position of the three coils (as
their x/y—coordinates on the midsaggital
plgnc) were determined at the following
pomfs in time: (1) in the middle of the pre-
ceeding vowel, (2) at the beginning of stop
closure, (3) at the first stop release (if

present!), and (4) at the second stop
release.

3.RESULTS

In contrast to the English study the audito-
Ty analysis of our data revealed that there
is _only aweak tendency for assimilation in
this German material constructed in paral-
lel. One of the speakers almost never pro-
duced perceivable assimilations. For the
numerical analysis we therefore chose the
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Figure 1: Mean ‘tongue contours’ at four different points in time for alveolar/velar stop pro-
duction for both subjects (x/y coil positions in mm).

item with the most occurences of assimila-
tion, i.e. “Er wird es bald kriegen” (vs all-
velar "Er wird das Balg kriegen”).The
mean coil position at the four points in time
for both subjects and both places of articu-
lation are seen in Figure 1. The differences
in coil placement for the two subjects are
clearly seen besides the differences in stop
place of articulation.
For the statistical analysis the positional
data as well as the measured frequencies
for the second and third formants at implo-
sion were subjected to separate two—facto-
rial analyses of variance (with the factors
speech rate and place of articulation).
There was no influence of speech rate on
the formant frequencies at implosion for
cither speaker. The only significant effects
were a higher F2 (p <.001) and a lower F3
(p < .001) for velars. The positional data
showed significant effects only for one
speaker (S1). His mean coil positions and
standard deviations are shown in inTable I

and II. The differences in tongue contour
are also shown in Figure 2.

The analyses of variance showed signifi-
cant interactions between the factors
speech rate and place of articulation only
for the y—position of the mid and back coil
at the first stop release: while for alveolar/
velar utterances at fast rate of speech coil
2 is on the average 4.7 mm higher (p <
.001) than in the case of normal rate of
speech, no such rate effects are seen for the
all velar utterances. A parallel effect is
seen for the y—position of the back coil at
the first stop release: the value for the fast
alveolar utterance is on the average 3.9 mm
higher than for the utterance at normai rate.
At the same time the differences between
fast alveolar/velar and all velar utterances
always remain significant (p <.01; .001).2

4. DISCUSSION
These results (cf. Figure 2) can be summa-
rized as follows: Whereas tongue position



210 210
200: 2(1):
] . 190 7~
lgoﬁ Lo N alveolar ’ e
1804 &~ 180
170] 1704
07} I— T ) —
70 80 90 100 110 120 . . 70 80 90 100 110 120
eee== implosion fast
normal burst 1 as|
210 210
200] 2001
190 ~ 190’
180] .5 velar 180-
170: 170
160 1601

70 80 90 100 110 120

70 80 90 100 110 120 .

Figure 2: Mean ‘tongue contours’ atimplosion and firstburst for alveolar/velar stop produe-
tion at normal vs fast rate of speech for subject 1 (x/y coil positions in mm),

Table It
Mean coil postion at implosion (a) and at
stop release (b) in cm
(1stline: x, 3rd line: y, 2nd/4th line: stan-
dard deviations) at slow rate for S1
(a: alveolar, v: velar)
(@
coil
1 2 3
a v a v a v
7.36 7.34 9.84 9.87 10.74 10.90
A3 13 10 15 08 .15
18.23 17.87 18.99 19.30 18.17 18.57
21 26 15 .10 .10 .16

®)
coil
1 2 3

a v a v a v
724 724 9.67 9.60 10.61 10.76
A3 10 08 15 07 11
17.91 17.47 18.81 19.37 18.26 19.00
d6 022 13 10 13 .12

Table II:
Mean coil postion at implosion (a) and at
stop release (b) in cm :
(1t line: x, 3rd line: y, 2nd/4th line: stan-
dard deviations) at fast rate for S1
(a: alveolar, v: velar)
(a)
coil
1 2 3
a v a v a v
736 740 981 9.76 10.71 10.84
05 16 a1 a3 .12 .11
18.29 17.87 19.10 19.46 18.23 18.83
A3 024 12 10 a1 .11

(b) v e e
1 2 3
a v a v a v
7.17 737 953 9.64 10.59 10.81
08 .16 05 .13 07 .16
18.06 17.49 19.29 19.49 18.64 19.06
A9 26 12 07 05 .11

at implosion and the first stop release does
not change dramatically with speaking ra-
tefor the all velar utterances, the back of
the tongue clearly adopts a higher position
in the fast alveolar/velar utterances. Buton
the other hand this higher position does not
reach the configuration of the all velar
utterances. This clearly seems to be in
accordance with the view that assimilation
rather is due to a continuous coarticulatory
process than a process of featural change.

5. FURTHER EXPERIMENTS

In a second pilot experiment these effects
were studied in more detail with another
male German subject. Here, additionally,
we wanted to study the influence of con-
text on alveolar/velar assimilation:
Besides preceding /_ald/g/ as in the
experiments above (“bald/Balg™) simple
/_ad/g/-endings (“Tat/Tag”) were used
with following accented vs unaccented
/ge/ (“geben” vs “gestanden” or “gehal-
ten”; accented syllables bold). )

6. NOTES

* The experiments reported here were con-
ducted in the course of an experimental
workshop. I am indepted to my students
S. Burger, P. Janker, L. Kuffer, C. Moo-
shammer, D.Stein and A. Zimmer for
help in carrying out the cxpenments and
part of the analyses.

- 1 This was almost always the case. For the

statistical analyses only items showing
two stop releases were used.

2 Besides these interactions there is a fur-
ther for the x—position of the mid coil at
the first stop release, only showing a
marginal (p < .05) fronting effect (.5
mm) for fast alveolars (all other simple
effects being not significant). Another
interaction — not of relevance here — is
seen for the y—position of the back coil at
implosion: Here the simple effect of
speaking rate for alveolars is not signifi-
cant, the one for velars showing on aver-
age a 2.5 mm higher position for the fast
rate (p <.001).

The other main effects ~ not of rele-
vance here — are: mid coil, y—position at
implosion, 1.4 mm higher at fast rate (p
< .01) and 3.3 mm higher vor velars (p
<.001); front coil, y—position at the first
stop release, 5.1 mm higher for alveolars
(p < .001); back coil, x—position at the
first burst, 1.9 mm more back for velars
(p <.001).
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ABSTRACT

This report describes an automated,
microcomputer-based procedure for
comparing laryngographic (Lx) wave-
forms. The program enables researchers
to analyze the cycle-by-cycle changes in
vocal fold vibratory characteristics that
may signal linguistic contrasts or dif-
ferences in long-term voice quality. The
first differential of the original Lx signal,
captured digitally, is marked to indicate
beginning, ending, upper and lower
limits. A set of ratios is then obtained
relating increasing voltage to decreasing
voltage for each period of the signal.
Considerations such as the inherent
variability of the Lx signal, techniques of
Lx recording, and applications of the
algorithm are discussed.

L. LARYNGOGRAPHIC
ANALYSIS

Electrical impedance laryngography has
been used in phonetic research to quantify
differences between contrasting types of
phonation [4]. Such contrasts appear
Linguistically in languages like Korean at
the syllable level in conjunction with
phonologically distinct manners of
consonantal articulation [1] [6] [7]1 [8]
[9]. Phonatory contrasts also appear as
long-tenp postures in voice quality with
largely mde)gcal significance [3, 10].
One problem in the analysis of the larynx
waveform (Lx) has been the highly
variable data that it yields. The signal is
obtained by means of superficial throat
electrodes which measure decreasing
impedance as the vocal fold mass comes
together, and increasing impedance as
these structures separate {5].

Different models of laryngogra
iffer 1 ph and
differing recording procedures result in

Lx signals with varying phase char-
acteristics. This makes it difficult to ana-
lyze characteristics of individual wave-
form periods to distinguish, for example,
a breathy voice from a harsh voice.
Another problem is the DC float that
characterizes many Lx signals and which
makes establishing a baseline for reliable
measurement of individual period char-
acteristics particularly difficult. Aspects
of obtaining an initial, workable Lx signal
are dealt with in section 2. A solution to
the baseline problem is presented in
section 3. The method of segmenting the
waveform to obtain a ratio is presented in
section 4.

2. RECORDING Lx

Recordings of Lx signals made on a
standard AM tape recorder tend to be
distorted by phase shift. For this reason,
it is valuable to develop procedures for
direct digitization of the Lx signal, using
an adequate (16-bit) data acquisition
system. However, if this is not possible,
the signal may be recorded using a
system that does not introduce phase
dxstmen, such as a Sony PCM digital
audio processor and recorder, as has been
used for these experiments.

Attempts at controlling DC float in the Lx
signal include assuring that proper
coupling with the input preamplifier or
similar analog conditioner is maintained.
However, low-frequency oscillations can
be expected as a result of laryngeal
movement around the axis of the
electrodes. This is more apparent during
continuous speech than during examples
taken from sustained vowels, owing to
the natural raising and lowering of the
larynx in the less controlled situations.

The polarity of the Lx signal must also be
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FIGURE 1. Original Lx waveform (top) and difference waveform (bottom)
of a sample of whispery voice. Data marked (cursors), ready for ratio analysis.

considered. When the signal is taken
directly from the laryngograph, the high
impedance component of the signal is
converted to the maximum positive
voltage in the waveform, while the low
impedance component results in a
negative voltage. As the low impedance
component is a result of maximum
current flow across the electrodes, this
will occur when the glottis is in its
maximally closed phase of the voicing
cycle. Because it is more representative
of laryngeal behaviour to display the
closed phase on the positive side of the
waveform, we prefer to invert the polarity
of a signal that has been taken directly
from the laryngograph. However, if the
signal is passed through a preamplifier at
any stage, this will result in the polarity
being reversed.

3. DATA ACQUISITION

Data acquisition is carried out using the
CSL digital signal processing system [2],
operating on an IBM-AT workalike. Data

acquisition is performea at a rate of
between 10K and 40K samples/second
and the resulting sampled data files are
passed to the EDIT320 software package.
In that package, the waveform is
displayed graphically and manipulated to
enhance the laryngeal characteristics of
interest (see FIG. 1).

The first differential of the waveform
emphasizes the change in voltage over
time, thus providing a representation of
the Lx signal that closely models
significant changes in current (as the
impedance changes from, e.g., high
impedance during the open phase of the
laryngeal cycle to low impedance during
the closed phase) as in equation (1).

) di=yi - Yi-1

where i = {1, 2, 3... n} sampled data points
A side effect of taking the first differential
is that low frequency oscillations

attributed to larynx movement, as well as
DC float, are eliminated.
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FIGURE 2. Lx waveforms of a sample of modal voice.
Cursors marking minimum positive value and minimum negative value.

4. PROCESSING ALGORITHM
To derive the ratios for each Lx period of
a range of voiced speech, the original Lx
signal is loaded using EDIT320 and
flipped if necessary (the sign is changed
on each amplitude value) depending on
recording conditions, and the first dif-
ferential is computed. A minimum pos-
itive threshold and a minimum negative
threshold are then selected, using hor-
izontal cursors as illustrated in FIG. 2, to
climinate the effect of arbitrary zero
crossings. For each period in the marked
range, the greatest negative excursion (i)
that is less than the negative threshold and
the greatest positive excursion of the
period (i2) that is greater than the positive
threshold are identified. A third value (i3)
is defined as the subsequent greatest
negative excursion below threshold,
beginning the following period. A ratio
is then calculated for each Lx period as
shown in equation (2).

@ (i2 - iy)/(i3- i2)
where i = the selected sampled data point

For each succeeding period, the previous
i3 becomes the new ij, until the end of the
range is reached. The resulting ratios are
stored in a file; as shown in FIG, 3,
computed for a portion of the differenced
signal for harsh voice.

5. APPLICATIONS

Applications of this analysis algorithm
focus on the identification of phonatory
differences at the segmental, CV, or long-
term level. The hypothesis that a
distinctive 'breathy’ phonatory quality is
associated prosodically with the lenis (vs.
aspirated or fortis) consonant series in
Korean as a principal cue in identifying
meaning in CV sequences, for example,
can now be tested. Lx rise-time to fall-
time ratios of sets of controlled phonetic
models can also be compared with
specific language data or with examples
of phonation in pathological speech.
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FIGURE 3. EDIT320 display showing part of the result file (ratio;
start, peak and end point times for each period) for harsh (ventricular) voice.

Initial examination of phonation types
using this procedure illustrates that
harshness and creakiness, which have
low Lx ratios, differ from modal voice,
and from whisperiness and breathiness,
which increase progressively in Lx ratio
range, as predicted in prior research [3).
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ELECTROPALATOGRAPHY OF
CONVERSATIONAL SPEECH
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ABSTRACT
Electropalatography  was used to
sample natural conversational English.
A tabulation was made of cases where
alveolar obstruents could occur and of
how these underlying consonants were
realised. The results reflect large scale
reduction of alveolars in conversational
speech, some of which (e.g. reduced
lateral contact) seem to be common to
all members of the set and some of
which are more particular to the class
of speech sounds involved (laterals,
nasals, stops, fricatives).

1. INTRODUCTION

Until recently, little or no research
using electropalatography has focused
on tongue-palate  contact during
relaxed, unselfconscious speech such as
that which we use in everyday
discourse. The reason for this is
presumably the unease which besets
phoneticians when they think about
doing research on non-laboratory
speech: in collecting free conversation,
one cannot control for any of the
variables known to influence
articulation, among them segmental
environment, stress, place in utterance,
and word class. In addition, one never
knows how many tokens of a given
type will appear on any particular
occasion, thereby making it hard to
apply standard statistical measures to
the results. Yet, surely if our goal as
linguists is to model speech as it is
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used by ordinary people in daily life, it
is vital to develop techniques . for
collecting and analysing data about this
type of speech. Electropalatography
provides an indirect but dynamic
picture of articulator movement and as
such is an invaluable adjunct to
auditory and acoustic analysis of
natural speech.

2, EXPERIMENTAL METHOD

In this study, acoustic and EPG data
were collected from two subjects
involved in conversation. The subjects
were both longterm EPG users, having
been on the team which developed the
system currently in use at Reading
University. They reported feeling very
comfortable wearing the palate and
experiencing no interference  with
articulation. Each of the subjects was
seated comfortably in a small room
and asked to talk to another member
of the research team whose speech was
not being monitored. The
e_xperimenter was in an adjoining room,
listening to the conversation. After an
initial period during which the
conversants seemed to have become
involved in discussion and to be
producing unselfconscious output, the
experimenter collected three-second
samples of acoustic and EPG data.
The acoustic signal was sampled at
10KHz and the EPG output at 100Hz.
One minute of speech was collected
from subject WJ, a West Midlands

speaker with considerable Standard
Southern overlay and 1.5 minutes
collected from subject FG, a
Standard Southern British speaker.

An impressionistic phonetic
transcription of the collected corpus
was done as well as a phonemic
transcription. A tabulation was then
made of cases of /t,d,s,z,nl/ (the
alveolar consonants involving contact in
English), and each phonemic form
related to both its phonetic
transcription and the span of 10-
millisecond EPG  patterns  which
corresponded to it. The phonemic
category provided a list of places where
it would in theory be possible to find a
maximally-articulated alveolar
consonant; the phonetic realisations
were divided into three categories:
complete closure, incomplete closure,
and deletion, These are very crude
divisions. Complete closure was
defined as the case in which every
column of the palatogram indicated
contact in at least one of the first four
rows. Many kinds of complete closure
were noted. For example, several
degrees of lateral contact could be
seen for everything except [1]: some
showed a great deal of lateral contact,
presumably indicating a high tongue
position. Less side contact was visible
in others, suggesting a laxer closure.
The tokens with weak lateral contact
were very common: this may prove to
be a predictable feature of English
conversational speech.

Complete closure per s¢ cannot be said
to apply to fricatives at all, since they
require an incomplete closure in their
production. For the same reason, the
notion of incompleteness is not well-
specified for fricatives: some with a
very wide central channel were found,
but as they were heard to produce
friction, they could not be judged as
incomplete.

Deletion in this case was defined as
*showing no palatal contact": clearly
inadequate, since a gesture of
considerable proportions can be made
without actually making contact with
the palate.

While these categories will, therefore,
have to be amended in a more detailed
report, they allow us to shed some light
on the behaviour of the elements
investigated and so have been
preserved here.

3. RESULTS

Not all underlying alveolars were fully
realised, and in a pattern which was
relatively similar from speaker to
speaker. Table 1 shows summary data
averaged over all consonants for each

TABLE
wJ
all alveolars

complete 113
incomplete 13
deleted 31
glottalled 3
total 160

speaker and for both speakers
combined.
FG % Both %
182 69 295 69
39 15 52 12
24 9 55 13
20 8 23 5
265
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Characteristic  realisation  patterns
emerged for each manner of
articulation:

1. /n/ -- Reduction of /n/ can be
attributed to two main factors, a) a
Vn sequence is often reduced to a
nasalised vowel before another alveolar
consonant, and b) [n] often shows
incomplete closure intervocalically.

In addition, [n] shows, in common with
most of the other consonants
investigated, a tendency to be
articulated with a central groove before
a fricative. It is a well-established
tenet of phonetics that the production
of the near-closure for a fricative
involves finer motor control than the
(theoretically) complete closures found
for stops and nasals.
Electropalatograms show that
preparation for the groove
configuration begins in preceding
alveolar consonants and can sometimes
be detected in vowels preceding such
clusters.

2. /I/ -—1In these subjects, there were
two distinct realisations of //. One
involved contact with the palate and
was found syllable-initially, at the
trailing end of a cluster, and
intervocalically. The other involved no
contact and was found at the leading
end of a cluster and finally. The light
or "semivocalised" closure which was
noted by Hardcastle and Barry [1] in
some environments was not found to
be characteristic of these subjects:
subject FG showed four anomalous
cases, but these were a very small
proportion of the total.

3. /s/ and /z/ -- These sounds tend
to be preserved in some form, but (as
mentioned above) often get a very
wide channel in these data, implying
(in agreement with the lateral contact
discussed above) less raising of the
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tongue toward the palate than is found
in citation forms,

4. /d/ - A fully closed [d] is normally
found after another non-nasal alveolar,
especially word-finally when the next
word begins with a vowel. The closure
tends to weaken intervocalically, even
if the [d] is word-final. (The resulting
segment does not sound like a fricative
or look like one on an acoustic display.
This is presumably because there is
little or no airflow through the
constriction). [d] is especially prone to
deletion in the environment n__C.

5 /' -- Fully-articulated tokens tend
to be found syllable-initially, especially
word-initially and especially in stressed
syllables. After the alveolar nasal or
fricative and intervocalically, [t] can be
either fully closed or incomplete. No
closure is normally found in the
environment C__#C.

For both speakers, /t/ was usually
realised as a glottal stop
in the environment V__#C and in

absolute final position.

4. DISCUSSION

Let us return briefly to the notion of a
normal or target articulation. While it
is clearly desirable for all speakers to
be able to produce a maximally-
differentiated set of alveolars in
citation-form words in a laboratory
situation, it seems obvious from the
above that less fully realised tokens are
very much a part of conversational
speech and are in themselves normal.
The implication for those using EPG
didactically is obvious: it would be
excessively demanding and in some
sense even incorrect to expect
maximally differentiated tokens of most
alveolar consonants (in some
environments) in  unselfconscious
speech. Variation in production which
comes about not only through

coarticulation with  surrounding
segments but also through position in
the linguistic unit (syllable, word) and
position with respect to stress must be
taken into account. There might also
be a generally lower longterm
jaw/tongue setting in com_/ersanonal
speech, which leads to less side contact
and bigger fricative grooves, and may
be one of the reasons for the observed
incomplete closures.  (See [2] for
further discussion of this question).

The latter point must be reiterated
with respect to general phonetic
theory: these data provide further
evidence for the assertion that the
physical properties of the vocal tract
alone cannot account for the patterns
of reduction we find in conversational
speech. An /nt/# sequence behaves
very differently from an /n/#/t/
sequence with respect to reduction: it
is the higher-level linguistic construct
which determines the possibility of
phonetic  variation, though the
construction of the vocal tract is one of
several factors which determine the
pature of the variation.
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PHONOLOGICAL DISRUPTION IN WORD PRODUCTION
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ABSTRACT

In naturally occurring speech, people
occasionally find that they have a word
"on the tip of the tongue”. In this state,
they may produce other words related
in either sound or meaning to the
targets. Are these other words
instrumental in causing the TOT states,
or are they merely by-products of the
TOT states?

1. INTRODUCTION

In spontaneous utterances, most
people occasionally experience
difficulty in producing an intended
word. In this state, a person may be
confident that the word he or she
wishes to generate is within his or her
mental lexicon. The word nevertheless
remains temporarily unavailable,
seemingly "on the tip of the tongue"”
While people are in this tip-of-the-
tongue (TOT) state, they often do not
remain mute but instead produce words
other than the target-word at which they
are aiming. Such words have been
termed "interlopers” [5,6]. An early
example was reported by the writer
George Lewes, partner of the novelist
Mary Ann Evans (George Eliot), as
follows.

I was one day relating a visit to
the Epileptic Hospital, and intending to
name the friend, Dr. Bastian, who
accompanied me, I said, "Dr. Brinton;"
then immediately corrected this with,
"Dr. Bridges," - this also was rejected,
and "Dr. Bastian" was pronounced. I
was under no confusion whatever as to
the persons, but having imperfectly
adjusted the group of muscles
necessary for the articulation of the one
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name, the one clement which was
common to that group and to the
others, namely B, served to recall all
three [7, p. 128].

Lewes's observation was
discussed widely, for example in
France by Ribot {11, p. 19] and by
Binet [1, pp. 113-114]. However,
greater generality was clearly to be
obtained by the collection of a corpus
of such observations. Early corpora
were assembled by Woodworth [14]
and Wenzl [12,13]. More recent
corpora have been described by
Reason and his colleagues [9,10],
Cohen and Faulkner [4] and Burke,
MacKay, Worthley, and Wade [3].
In all of these studies, a considerable
number of TOT states were found to
be characterised by the occurrence of
interlopers that were related to their
respective targets in either their sound
or their meaning. The nature of the
empirical stochastic contingency
between relatedness in sound and
relatedness in meaning of an
interloper to its target is still,
however, unclear. For this reason I
have in a recent unpublished study
collected a small corpus of naturally
occurring TOT states.

2. TOT CORPUS

TOT experiences were collected
from undergraduates at the University
of Warwick over a period of several
weeks. In this sample, the number of
interlopers generated by the
participants themselves (as opposed
to those generated by bystanders) was
100. The interlopers were classified
as being related both phonologically
and semantically (PS), phonologically



alone (Ps), semantically alone (pS), or
neither phonologically nor semantically
(ps). The observed incidences were PS
=29,Ps=3,pS=67,andps= 1.
A striking and unexpected
t of the preceding results was that
almost all (96%) of the interlopers were
semantically related to their targets. At
first sight, this result appears to conflict
with the previous observation of many
interlopers categorised as
phonologically related to their targets
[10, p. 124]). However, closer
examination of the examples provided
by Reason and Mycielska indicates that
in each case their "mostle phonological
pathways" display semantic relatedness
also (e.g., target = pomander,
interloper = pot-pourri).

3. INTERLOPER ORIGINS

What are the origins of the
interlopers that commonly occur in TOT
states? Two logical possibilities may be
distinguished. The interlopers may
arise either before or after the disruption
in target word generation. In particular,
the interlopers may either be
instrumental in causing the disruption
or be merely a consequence of the
disruption. To use medical
terminology, the interloper could be
considered either as a pathogen (i.c.,
cause of disruption) or as a sequela
(i.e., consequence of disruption).

In the case of words related in
meaning, the Sequela hypothesis seems
a priori plausible. Words produced in
normal utterances are presumably
selected largely on the basis of their
meaning. Thus after a target word
becomes unavailable, it might be
expected that a person's attempts at
word generation will yield other words
which are related in meaning to the
target. In contrast, the Pathogen
hypothesis (that the interlopers
themselves cause the disruption) seems
implausible. It is obvious that other
words related in meaning to intended
target words are routinely generated in
many normal meaningful utterances
(e.g., consider the target word "water”
in the sentence "The swimming pool
water was chlorinated"). Since we
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generally have no difficulty in
speaking such sentences, we may
infer that target generation is not
likely to be prevented by the
activation of words related in meaning
that act in a pathogenic manner.

In the case of interloper words
related in sound to the target, it is in
contrast difficult to establish their role
by a priori reasoning. On the
Sequela hypothesis, such interlopers
might arise if it is the case that, for
some unrelated reason, only a partial
phonological specification of the
target word becomes activated.
Subsequently, other words sharing
this partial specification might be
generated as sequelae, Most would
be expected to be also related in
meaning to the target, since semantic
factors would presumably remain
important in guiding word
production. On the Pathogen
hypothesis, it might be possible for
ghonological interlopers to act as

lockers. Perhaps a word which is
similar in sound to the target word
receives activation by chance shortly
before generation of the target is
completed, and acts as a phonological
decoy receiving im sum more
activation than the target itself.
Again, this is clearly more likely to
occur if the interloper and target are
related in meaning as well as in
sound.

4 SOME INTERLOPER
EXPERIMENTS

How can one distinguish
between the Pathogen and Sequela
hypotheses for the origins of
phonological interlopers in TOT
states? Two recent studies [5,6; see
also 8] developed further an
experimental method of investigating
the TOT state introduced by Brown
and McNeil {2]). Brown and McNeill
showed that reading people
definitions of moderately rare words
induces TOT states on the order of
10% of occasions.

In the new studies, people were
again presented with definttions-of
moderately rare words, such as



"Something out of keeping with the
times in which it exists". But now the
definition was followed immediately by
an interloper word also presented by the
experimenter. Equal numbers of the
four types of interlopers distinguished
earlier (PS, Ps, pS, and ps) were used -
that is, the interloper was either related
both phonologically and semantically to
the target, phonologically alone,
semantically alone, or neither
phonologically nor semantically,
respectively. For the present example
definition, the interloper was
"abnormality". This was of the PS type
since it was related in both sound
(initial phoneme and number of
syllables) and meaning to the target
"anachronism".

It was found that interlopers
which were related in sound to their
targets were more likely to lead to TOT
states, irrespective of whether they
were related in meaning. This result is
consistent with the Pathogen hypothesis
since that hypothesis asserts that
phonological similarity between
interloper and target is instrumental in
engendering TOT states, in contrast to
the Sequela Hypothesis's assertion that
the interloper is merely a by-product of
naturally occurring TOT states.
Nevertheless, considerable empirical
work remains to be done to examine
further the effects of artificially supplied
interlopers, and in particular more
extensive work with a wider range of

experimental materials is needed.
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ABSTRACT

This work is aimed at exploring the rela-
tionships between a set of articulatory
parameters, and the acoustic output, in the
production of French fricatives /s, S/. More
precisely, we attempt to find out whether
the dimensions of maximal contrast among
the fricative spectra, are correlated with
movements of lingual transducers moni-
tored by means of an electromagnetic
(EMA) system. Our results show that the
EMA measurements can be considered to
be very reliable. It appears that the spectra
can be regenerated with a good accuracy
from these measurements, with the help of
a statistical method the advantages of which
are pointed out. In conclusion, implica-
tions of this work in the domain of articu-
latory modelling are discussed.

1. INTRODUCTION

In a recent work [3], Hoole et al. have
shown that the EPG tongue-contact pat-
terns in the production of the fricatives /s/
and /S/ in English, were strongly correla-
ted with a set of acoustic parameters extra-
cted from the corresponding spectra by
means of a factorial analysis. It has appea-
red that this relationship was close enough
to allow a prediction of the acoustic data
from the EPG data, with the help of a
multiple linear regression. The results
supported the conclusion that an empirical
investigation of this kind, was suitable for
providing information on the articulatory-
acoustic correlations, which could be fruit-
fully incorporated into a model of frica-
tive production [2,5]. The present experi-
ment was based on the same methodolo-
gical principles, and was aimed at investi-
gating in a more extensive way two spe-
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cific points. First, the question could be
raised to know whether it is possible to
relate the articulatory parameters with the
spectra themselves by regenerating these
spectra from the acoustic factors. Second,
it seemed important to compare the results
of the multiple linear regression, with
those of a method giving the possibility to
detect non linear articulatory-acoustic re-
lationships similar to the ones which are
described in Stevens' quantal theory [6].

2. MATERIAL
The experiment has been carried out at the
Institute of Phonetics of Munich Univer-
sity. It consisted of an audio recording
synchronized with a parallel EMA trac-
king. The electromagnetic system used is
acommercially available device (Articu-
lograph AG 100, Carstens, Gottingen, FRG)
which has been recently assessed in [4,7],
and which allows monitoring of articula-_
tory movements with the help of five elec-
tromagnetic transducers (coils). In the pre-
sent experiment, three coils were attached
to the mid-line of the tongue, one was at-
tached to the lower incisors, and one refe-
rence coil to the upper incisors. The ton-
gue rearmost coil was placed as far back as
possible, the frontmost coil about 1 cm
back from the tip, and the third coil in
between these two. The output of the
EMA system was digitized (sampling rate
250 Hz) and transferred online to a PC
AT-386 computer where software com-
pensation for the effects of possible tilt of
the receiver coils was applied. The digital
signal, which represented the displace-
ments of each of the five coils in the x-y
plane, was finally stored on a hard disk.
The audio signal was recorded by means

of a B&K microphone ona DAT recorder,

digitized on a LSI 11/73 computer (sam-

pling rate 16000 Hz, LP filtered at 7500

Hz), and aligned with the EMA signal

thanks to a set of synchronization pulses

recorded on the second track of the DAT

tape. The estimated accuracy of the align-

ment was +/-3 ms. The speech magenal
consisted of the following combinations:
[aS#/, [aSa/, fiSal, Hsal, f#si, [as#], [asa/,
Jas/, fisa/, fisi/ embedded in 9 sentences
which have been pronounced from 8 to 9
times by two male native speakers of
French (AM, NN). In this paper, results
will be presented for speaker AM.

3. ANALYTICAL PROCEDURES
3.1. EMA measurements .
To minimize the variations in the articula-
tory signal which could have been genera-
ted by any head movements, the coordina-
tes of the coil affixed to the upper InC1sors
has been subtracted from those of the
other coils. Moreover, for each repetition,
the whole cloud of data has been rotated
around the origin in the x-y plane, soas to
achieve a vertical orientation of the first
principal axis of the jaw movement. Fi-
gure 1 displays the positions, averaged
over all the repetitions, of the tongue-
back, tongue-mid, tongue-tip and jaw coils,
at the mid-point of the fricative (whichhas

a coordinate on the time axis dqtermined
with the help of the acoustic signal) for
each item.

3.1. Acoustic analysis )
The acoustic analysis consisted in calcula-
ting an FFT spectrum within a 32 ms
Hamming window centered at the frica-
tive mid-point. This spectrum was next
reduced to 21 components by averaging
the spectral energy over 1 Bark }ntcrvals
from O to 8 kHz. Moreover, the informa-
tion below 8 Barks has been ignored, in
such a way that the acoustic data were
finally made up in the present experiment
of a set of 13-dimensional vectors. For
reasons that are given below, we have
chosen to proceed to anew data reduction
by means of a principal-components ana-
lysis, which proved that 4 linear combina-
tions of the 13 original parameters could
account for more than 90% of the variance
among the spectra. Ithas appeared thatthe
2 first factors were sufficient to differen-
tiate the fricatives /s/ and /S/ from each
other. Factor 1 is interpretable as adimen-
sion of average energy; factor 2 can be
considered as underlying an opposition
between the spectra which show a local
maximum within the 12-15 Barks range,
and those in which the energy 1s relatively
higher above 15 Barks.
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4. RESULTS

4.1. empirical regression of the acoustic
factors from the EMA data

One approach to exploring EMA-acoustic
relationships consists of analyzing separa-
tely the way in which the data are distribu-
ted in the EMA space, and in the acoustic
space, to examine whether the sources of
variation can be considered as being the
same in the two cases (pronounced conso-
nant, immediate context, carrier sentence,
etc.). But it is also possible to check the
existence of suchrelationships, by attemp-
ting to predict the acoustic parameters
from the articulatory ones. At the present
time, the information obtained with EMA
on the midsagittal section of the vocal
tract, doesn’t allow calculation of the area
function required by a standard acoustic
model toresynthesize the output signal. In
this experiment, the predictions have been
based on the so-called statistical regres-
sion, which has been performed in two
different ways, since we have compared
the results of a classical, multiple linear
regression, with those of an empirical, non
linear variant [1]. In the second case, the
predicted value of a given acoustic
parameter y for a given articulatory input
(a tongue «profile» composed of 3 points)
was simply defined as the y mean value

TABLE 1: correlation coefficients between
measured and predicted values for the first 4
acoustic factors (results given for two different
regression techniques).

REG.1 REG.2
fac.l 0.765 0.882
fac.2 0.851 0.925
fac.3 0.722 0.877
fac.4 0.384 0.536

associated with the input k-nearest neigh-
bours in the articulatory space (k being de-
termined by the user). It can be easily
shown that the regression achieved by
means of such a local approximation, is
suitable for modelling non linear rela-
tionships, between any number of inde-
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pendent variables and the to-be-pre-
dicted one.

The calculations have involved the ar-
ticulatory and acoustic data relative to
all the (V)C(V) sequences recorded by
speaker AM. The prediction quality
has then been assessed on a test set
which was composed of the tongue
«profiles» averaged over all the repe-
titions for each of the two consonants,
in each possible context. In table 1 are
given the r 's corresponding to the
correlation between the measured and
the predicted values for factors 1,2, 3
and 4. Itappears clearly thatthe r's are
high whatever regression technique is
used, and reflect a close relationship
between the EMA parameters and the
dimensions of maximal variance among
the spectra, while the empirical re-
gression (referred to as REG.2 in table
1) produces results which are systema-
tically superior to those of the multiple
linear regression (REG.1). The num-
ber of neighbours, on the basis of which
a value has been given to each tongue
profile for each of the 4 factors in
REG.2, was fixed to 5.

4.2. Regeneration of the original spec-
tra from the acoustic factors

The fricative spectra have been finally
regenerated from the output parame-
ters of the empirical regression, through
the usual operation based in the pre-
sent case on the eigenvectors of the
covariance matrix relative to the 14
original acoustic variables [8). Figure
2 proves that the accuracy of this rege-
neration is quite good (average r bet-
ween the measured and predicted com-
ponents for each of the spectra in the
test set >0.9). It is especially encoura-
ging to note that the shape shown by a
spectrum is restored in a very satis-
fying way.

6. CONCLUSION

Our results could be explained in part
by the fact that speaker AM has pro-
nounced /s/ and /S/ in a rather stable
way across repetitions and across
contexts. Consequently, the variabili-
ty among the spectra was likely to be
accounted for by a relatively small

number of factors which in return allowed
to regenerate these spectra without any
major distortion. It remains that the fac-
tors themselves (which can be considered
as dimensions of maximal contrastamong
the acoustic data) have proven to be accu-
rately predictable from the EMA measu-
rements. Therefore, it can be said that
under the conditions adopted in this expe-
riment, the articulatory parameters extra-
cted by EMA are closely correlated with
the acoustic output. . .
The empirical regression is very interes-
ting in that it is gives the possibility to
make predictions which have an accuracy
calculated for each point in the articulato-
1y space (while this calculation wou}dn t
have much sense in the casc.of the linear
regression, in which the criterion to be
optimized concerns an average accuracy).
From our point of vue, this issue should
give rise 10 a more systematic investiga-
tion. An experiment carried outaccording
to the same methodological principles as
those of the present work, on a more
extensive material, would probably allow
to determine whether a given articulatory
neighborhood is stable (with respectto the
acoustic output), or unstable. It seems to
us that this kind of empirical exploration
of the articulatory space, could constitute
an quite interesting way to verify hypothe-
ses on the mechanisms of speech produc-
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FIGURE 2: average spectra for /s/ and /S/ displayed together with the output of the empirx

regression from the corresponding EMA profiles.
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tion, such as the ones which are supported
in the quantal theory [6].
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ABSTRACT

In order to analyze the mechanisms
of fundamental frequency controls,
the electromyogram (EMG) of four
laryngeal muscles (Cricothyroid and
three strap muscles) was recorded,
as well as the acoustic signal, in
two subjects (one male, one female)
producing ascending and descending
tones (glissandi). The relationship
between EMG activity patterns and
frequency variations were des-
cribed ; in addition, the specific
patterns related to the glissando's
beginning and terminal part were
analyzed. According to the diffe-
rent vocal events taken into consi-
deration the EMG patterns of the
four muscles were compared.

Les études électromyographiques
des muscles laryngés corrélées avec
la fréquence vibratoire sont nom-
breuses (2, 3, 6, 1). Celles con-
sacrées aux "'mouvements'" de fré-
quence sont déja plus rares de méme
que celles qui considérent paralleée-
lement 1l'activité de muscles
intrinséques du larynx et de muscles
sous-hyoidiens (5).

1. PROTOCOLE EXPERIMENTAL

Le protocole vocal comporte des va-
riations de fréquences au cours de
la réalisation sur la voyelle "0",
d'une part, de glissandos ascen-
dant puis descendant, et d'autre
part descendant puis ascendant
sans contrainte de hauteur limite
ni d'intensité. La seule contrainte
imposée aux sujets est le maintien
de la téte dans une position aussi
fixe que possible. Au cours de nos
expériences, l'activité de 4
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muscles a été enregistrée :

- le cricothyroidien (CT), le thy-
rohyoidien (TH), le sternothyroi-
dien (ST) et le Sterno-cleido-
hyoidien (SCH).

La technique EMG employée est celle
décrite par Hirose (5) utilisant
des électrodes bipolaires implan-
tées a 1'aide d'aiguilles intra-
musculaires. Des tests non vocaux
tels que la déglutition, 1'ouver-
ture de la bouche et 1'inclinaison
de la téte, permettent de vérifier
1'emplacement des électrodes. Ces
tests sont répétés plusieurs fois
au cours de l'enregistrement, afin
de vérifier le maintien en place des
électrodes.

Les résultats provenant de deux
sujets (une femme et un homme) par-
mi les 6 qui ont participé a 1'expé-
rience ont été retenus pour la
stabilité des tracés fournis par les
4 muscles explorés et seront pré-
sentés ici.

Fig. 1b =

Figure 1 : Tracés EMG redressés des
4 muscles explorés ainsi que le
signal acoustique, le signal élec-
troglottographique (EGG) et la
courbe mélodique a) Glissando
ascendant et descendant, b) Glis-
sando descendant puis ascendant.
Sujet masculin CT, TH, ST et SCH.
La courbe mélodique (en bas) repré-
sente 1'évolution de la fréquence
caractéristique d'un glissando.

L'activité EMG semble corrélée a
plusieurs événements que nous ana-
lyserons séparément : la variation
de fréquence, 1'initialisation et
1'arrét de la vibration.

Les mesures d'activité ont été
effectuées sur les signaux redres-
sés puis intégrés et lissés.
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Figure 2 : Glissando ascendant puis
descendant, sujet masculin, signal
intégré.

On note une activité importante des
sous-hyoidiens lors de la réali-
sation des fréquences les plus

basses au début et a la fin de la
production, de méme qu'une acti-
vité importante du CT précédant

la réalisation des fréquences les
plus élevées. Les pics d'activité
musculaire précédant les points
d'inféxion de la courbe mélodique
ont été relevés et moyennés. Pour
le sujet masculin (DA), les acti-
mités EMG sont moyennées pour de§
valeurs de F, inférieures et supe-
rieures a 200 Hz, et inférieures
et supérieures a 300 Hz pour le
sujet féminin (AH).
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Figure 3 : Activités musculaires
moyennes aux points d'inflexion de
la courbe mélodique.

Ces résultats montrent 1'importance
de 1'activité du CT lors de la réa-
lisation des fréquences élevées et
des sous-hyoidiens lors de la réa-
lisation des fréquences basses.
Les courbes d'activité des muscles
en fonction de 1'évolution dyna-
mique de la fréquence ont été
réalisées a partir de moyennes ef-
fectuées sur 34 productions pour
le sujet féminin AH et 28 pour le
sujet masculin DA. ;

Ces valeurs sont relevées apres
élimination des phénoménes d'ini-
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tialisation et d'arrét de 1'émis-
sion.
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Figure 4 : Glissandos ascendant et

descendant, activités moyennes des
muscles.

1 - L'activité du CT est corrélée
avec 1'évolution de la fréquence.
2 - Au fur et 2 mesure que la fré-
quence fondamentale augmente,
1'activité des sous-hyoidiens di-
minue puis s'accroit a nouveau
lors de la réalisation des fré-
quences les plus élevées.

3 - De méme, les glissandos descen-
dants mettent en évidence au cours
de la réalisation des fréquences
€levées une activité non négligea-
ble des sous-hyoidiens. Celle-ci
s'accroit considérablement lors de
la réalisation des fréquences les
plus basses. Il faut évidemment
considérer le fait que 1'antici-
pation de l'activité pour la réa-
lisation d'une fréquence donnée est
ici difficile 3 évaluer.
L'activité du CT apparait corrélée
de maniére relativement stable avec
la fréquence fondamentale (glis-
sandos ascendant et descendant sont
assez bien symétriques). Il n'en
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n'est pas de méme pour les sous-
hyoidiens dont 1'activité semble
non seulement liée a la valeur de
la fréquence vibratoire, mais aussi
au sens d'évolution de celle-ci
(le niveau général de 1'activité
est plus important au cours d'un
glissando descendant qu'au cours
d'un glissando ascendant).

Ces deux catégories de muscles ne
semblent pas agir ici suivant des
processus dynamiques simplement
antagonistes. Les sous-hyoidiens
seraient activés de fagon plus
massive dans les phénoménes descen-
dants tandis que 1'activité du CT
présente un caractére plus tonique
fidélement corrélé avec 1'évolu-
tion de la fréquence.

Les pics d'activité musculaire
précédant 1'attaque ont été moyen-
nés et regroupés en fonction de

la hauteur du son au moment de
celle-ci (cf. Fig. 1).

ml’”vn’i
< 200 Hz g > 200 Hz
1500
e 1.
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L0 50 T | TR e e e T e e
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Figure 5 : Activité EMG moyennée

lors de 1'initialisation de la
vibration.

Lors des attaques dans le grave,
1'activité du CT est plus importante
que lors de la réalisation de ces
mémes fréquences en cours d'émis-
sion (cf. Fig. 4). De méme, lors
des attaques aigiies, 1'activité des
sous-hyoidiens est plus importante
que lors de la réalisation de ces
fréquences en cours de production.
Bien que la fréquence a laquelle se
produit 1'initialisation ait une
influence sur 1'amplitude du tracé
EMG (CT plus actif dans les attaques
supérieures a 200 Hz et TH plus
actif pour des attaques inférieures
2 200 Hz), le phénoméne d'initiali-
sation lui-méme provoque une globa-

lisation de 1l'activité musculaire
suivant un processus plutét pha-
sique.

RCTIVITE

> 200 Hz

@Zz2E.1.
EMACTIVITE

SCH ST ™
Figure 6 : Activités EMG moyennées
lors de l'arrét de 1'émission.

On note ici une différence de com-
portement des deux sujets. Chez AH,
l'activité lors de 1l'arrét de
1'émission demeure liée principa-
lement a la fréquence vibratoire
telle qu'on 1l'observe en cours
d'émission. Par contre, chez DA,
les arréts dans 1l'aigii indiquent
une forte activité des sous-
hyoidiens supérieure a celle que
1'on observe en cours de production
(cf. Fig. 4). Ce phénoméne délicat
a interpréter a partir de deux
sujets peut étre considéré comme
une régulation de la fréquence ou
des mouvements 1iés a son évolution
grace a un systéme d'"antagonisme"
agissant sur les mobilisations
générales du larynx.

Ces différentes observations sur
1'initialisation et l'arrét de
1'émission mettent en évidence le
caractére phasique de l'activité
musculaire tandis que la régulation
de la fréquence en cours d'émission
est liée a une activité tonique,
cette distinction est particuliére-
ment nette au niveau du CT. Les
différences entre les deux sujets
semblent liées soit aux durées de
réalisations des glissandos qui
sont considérablement pour courtes
chez le sujet masculin soit & 1'uti-
lisation de différents mécanismes
vibratoires ou registres.

Dans tous les cas observés, les
sous-hyoidiens semblent fonctionner
en synergie. Il ne faut pas négli-
ger dans cette interprétation, la

possibilité d'un "parasitage" des
signaux EMG entre eux du fait de la
proximité des muscles.

Cette étude confirme 1'importance
de la considération simultanée des
muscles intrinséques et extrin-
séques du larynx lors de 1'étude
des variations mélodiques et de la
distinction des événements mettant
en jeu des activités musculaires
de caractére tonique ou phasique.

3. BIBLIOGRAPHIE

(1) FAABORG-ANDERSEN, K, SONNINEN,
A. (1960) "The function of the
extrinsic laryngeal muscles at dif-
ferent pitch'", Acta Oto-Laryngol.,
Stockholm, 51 : 89-93.

(2) GAY, T., HIROSE, H., STROME,
M., SAWASHIMA, M. (1972).Electro-
myography of the intrinsic laryn-
geal muscles during phonation",
Annals of ORL.

(3) HIRANO, M., VENNARD, W., OHALA,
J. (1970), "Regulation of register,
pitch and intensity of voice",
Folia Phoniat., 22 : 1-20.

(4) HIROSE, H. (1971). "Electromyo-
graphy of the articulatory muscles :
current "instrumentation and tech-
niques", Haskins Labs. RS-25/26,
73-86%

(5) NIIMI, S., HORIGUCHI, S.,
KOBAYASHI, N. (1988). "The Physio-
logical role of the sternothyroid
muscle in phonation and electromyo-
graphic observation'", Ann. Bull.
RILP; 22 s -155=1727

(6) SONNINEN, A. (1956). "The role
of the external laryngeal muscles
in length-adjustments of the vocal
cords in singing', Acta Oto-
Laryngol., Suppl. 130.

25



PHASE MODIFICATIONS IN TONGUE MOVEMENTS
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ABSTRACT

A corpus of CViCV2sequences is
analysed in order to emphasize the concept
of synergy among gestures in speech
production. The vertical movements of
tongue dorsum were measured for Vi=[a]
and V2=[u], and for two consonants [d]
and [g] which production recruit
respectively this articulator at two quite
different levels. Results are interpreted in
terms of changes of (1) the consonant-
vocalic and (2) the peak velocity phasing,
for raising and lowering gestures.

1. INTRODUCTION

Speech production implies a spatial and
temporal coordination of different
articulatory gestures. The concept of
synergy, introduced by Haken [3] in the
field of motor control, could be
appropriate to characterize and predict
some articulatory patterns of speech
production. In their work, Kelso et al. [5]
explained the jump from the production
(ipip] to the production [pipi] as the speech
rate strongly increases, within this
theoretical framework. They introduced
the concept of intergestural phasing, and
identified this jump as an obvious phasing
restructuration between lip and glottal
gestures.

In the present study, we propose to
analyse this synergy phenomenon in a
quite different paradigm. The behaviour
of the consonant-vowel phasing in
CViCV2 sequences is observed for
consonants involving different articulators.

This paper presents preliminary results for
two consonants [d] and [g].

2. METHOD

2.1 Experimental procedure

The corpus studied is designed for the
observation of the vertical movements of
tongue dorsum. It consists in the
repetitions of isolated productions [au],
[dadu], [gagu], for which we assume that
tongue dorsum movement is pertinent to
describe the [a] to [u] articulation. The
consonants [d] and [g] are chosen,
because of their two extreme behaviours
towards this articulator: [d] production
does not recruit the tongue, whereas the
[g] articulation recruit mainly the tongue
dorsum. Thus, in a [gagu] sequence, the
vocalic and consonantal gestures are
produced with the same articulator.

The task consisted in 10 repetitions of each
sequence, produced at normal and fast
speaking rates by a French male speaker.
Tongue dorsum displacement was
monitored at an 1 kHz rate with a
computerized ultrasound transducer
system (see [4]). Simultaneously the
acoustic speech signal was recorded at the
same rate.

2.2 Data collection

As data are available for one articulator
only, namely the tongue dorsum, the
choice of temporal events defining the
vocalic and consonantal phases was not
obvious: the events related to consonantal
gestures were detected on the speech
wave. In all cases the reference is the
underlying vowel-to-vowel movement,
divided into two components, the raising
gesture ([a]-[u]) and the lowering gesture
([u]-[a]). For the first component, the
consonantal movement towards the
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occlusion is in the same raising direction
as the vocalic movement; the release
movement is in the opposite direction. In
the second component ([u]-[a] transition),
the relations are reversed. It is thus
interesting to detect these two consonantal
events (closion and release) inside the
vocalic phase. For each vocalic transition
([a]-[u] and [u]-[a]) the boundaries of the
vocalic phase correspond to the points of
zero velocity of the tongue dorsum raising
gesture (See Fig. 1). We define so for
each movement (raising and lowering) one
vocalic phase and two consonantal phases,
the “occlusion phase” and the “release
phase”.

M=t
g 4 ‘\@\2/

| o i
Fig.1 shows ultrasound recorded movement and
velocity profile of tongue dorsum and the corres-
ponding acoustic speech signal, during the pro-
duction of /gagu/, at normal speaking rate.
Duration A determines the raising gesture for the
transition [a]-[u], in which a1 (“the occlusion
phase™) and b2 (“the release phase™) are plotted in
percentage. Duration B determines the lowering
gesture for the transition [u]-[a], in which the
same phases (“the occluion phase”=b1) and (“the

release phase”=b2) are plotted.
/d a a u/
e
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Fig.2 shows ultrasound recorded movement and
velocity profile of tongue dorsum and the corres -
ponding acoustic speech signal, during the pro-
duction of /dadu/, at fast speaking rate. Duration
A and B were measured assessing that points of
zero velocity determine the initiation and termi-
nation of the gesture. The acceleration phases,
duration a and b are plotted in percentage.

vai
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Velocity

The second point of our study focuses on
the kinematic changes of the raising and
lowering gestures depending on the
consonant and on the speech rate. In this
aim and according to different studies that
advocate the importance of velocity
profiles in motor control analysis (see [1],
[2] and [6]), the occurence of the velocity
peak between two successive points of
zero velocity is measured (see Fig. 2).

3. PRELIMINARY RESULTS AND
DISCUSSIONS

3.1. Consonantal-vocalic phasing
The data obtained for the raising gesture
are presented in Fig. 3 and 4. The
examination of the time proportion of the
release phase for [dadu] (Fig.3), reflects
obviously no significant modification with
changes in speech rate (mean values: 74.9
vs 74.2); on the contrary, for [gagu], we
observe an obvious increase of this time
proportion for the fast rate. Such a
behaviour can easily be explained by a
time constraint on the consonantal hold:
this durational value must be sufficient for
a good perception of the consonant; hence
the vocalic durations are more affected by
the change in speech rate than the
consonantal one. This phenomenon
becomes indeed more obvious, when
vowel and consonant are produced with
the same articulator. At the same time the
proportion of the occlusion phase
decreases in fast rate for both consonants
(Fig. 4). Moreover, whereas the
differences between [d] and [g] are not
significant (¢>0.10) at normal rate, they
become highly significant at fast rate
(2 <0.01), which means that the
articulation of the consonant induces
different behaviours when speech rate
increases. As the raising vocalic gesture
([a]-[u]) and the consonantal raising
occlusion gesture occur simultaneously,
the delay between the onsets of these two
gestures tends to decrease significantly,
especially when the same articulator is
recruited. These results attest, in the case
of a monoarticulator production, a
tendency towards synchronization of the
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two raising gestures, when the speech rate
constraints are strong. Hence, it supports
the idea of a synergetic production.

The same kind of observations can be
made for the release phase in the lowering
vocalic transition. For both consonants,
the proportion of the release phase
increases (Fig. 5), as the proportion of the
occlusion phase decreases (Fig. 6). But
these behaviours are hardly significantly
different for the occlusion phase (0>0.05)
and highly significantly different for the
release phase (<0.01). The delay
between the onsets of the lowering vocalic
gesture and the consonantal one remains
important, due to the constraints on the
consonantal hold duration; but a tendency
towards synchronization of these two
gestures could well furnish a reliable
explanation for the more important
reduction of the consonantal hold, in the
case of a monoarticulator production. This
phenomenon supports the hypothesis of
synergy among consonantal and vocalic
gestures.

3.2. Kinematic changes

This investigation is essentially based on
the duration of the lowering and raising
gestures in which the occurence of peak
velocity is observed (see Fig. 2). In both
gestures, these acceleration phases are
plotted in Fig.7 & 8. At normal rate, and
for both gestures, our results show an
important dispersion of the data for [au]
and [dadu]; the constraints seem obviously
stronger for the [gagu] production. For
fast speech rate, the data converge towards
the same value in all cases: the velocity
profile tends to become symmetric as in
optimized movements minimizing the jerk
(see [7]). This variation is however less
important in [gagu]. An increase in speech
rate seems thus to produce an optimization
of the coordination between vocalic and
consonantal gestures. This optimization is
already perceptible for [gagu] at normal
rate.

3.3. First conclusions

These two kinds of data seem to attest the
existence of synergy between consonantal
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and vocalic gestures when the same
articulator is recruited: (1) the consonant-
vowel phasing is specific for this kind of
production; (2) in this last case, the
kinematic properties reflect a tendency
towards optimization. These results and
conclusions are preliminary. A further
study will be made with other consonants
as [R], [b], [k], to confirm the
assumptions resulting from the
observation of [d] and [g].
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ABSTRACT
Recent studies on "Rheini-
sche schiarfung", an accen-

tuation feature in Ripuari-
an dialects, rely mainly on
perceptual or acoustic ana-

lysis. Here an attempt is
discussed to model this
predominantly phonatory

phenomenon by coupling a
two-mass-model of the glot-
tis to the Cologne articu-

latory speech synthesis
system.

1. INTRODUCTION

The characteristic accen-
tuation phenomenon of Ri-
puarian dialects, "Schar-
fung" ("sharpening"), is

investigated by means of
resynthesis. Hypotheses
about the "sharpening" fea-
ture in the syllable [2:8]
("carrion") were tested by
synthesis in two ways: by

glottal abduction and by
glottal adduction.
2. ACOUSTIC CUES AND A

PRODUCTION HYPOTHESIS
"sharpening”" is an accen-
tuation phenomenon whose
phonetic features characte-
rize additionally the nu-
cleus of stressed sylla-
bles. It occurs either in
long vowels or in d4i-
phthongs or in short vowels

followed by a sonorant
([hy:] "height", [zei]
"sieve", [2:s] "carrion",
[vo:t] "rage", [al] "all";

[hyn]"dogs", [tant]"aunt")

30

The major acoustic cues of
"sharpened" vs. "unsharpen-
ed" long vowels before voi-
celess consonants are [1]:
a) shortening of vowel du-
ration;

b) a zero-intensity inter-
val between vowel and fol-
lowing fricative;

c) a marked intensity de-

crease in the vowel seg-
ment;
d) a marked decrease in

fundamental frequency in
the vowel segment.

In terms of speech produc-
tion '"sharpening" is re-
lated to phonatory rather
than to supraglottal arti-
culatory activity [2)E
There are in principle two
maneuvers which lead to the
acoustic features in que-
stion: a glottal abduction
gesture and a glottal ad-
duction gesture. They both
begin in the middle of the
vowel and last to its end.

3. THE SYNTHESIS MODEL

The articulatory speech
synthesis model used was
developed at the Institute
of Phonetics, University of
Cologne [3,4,5].

On the segmental level pho-
netic segments are put in.
The model generates a set
of articulatory control pa-
rameters (e.qg. tongue
height, tongue position,
jaw opening) and three pho-
natory control
(lung pressure, cord tensi-
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Figure 1: The control and production parameters for the
"sharpening" for glottal abduction and glottal adduction.

on, abduction area) which
are continuous in time.

The vocal tract is modelled
with the Kelly-Lochbaum re-
flection-type 1line model;
it simulates the wave pro-
pagation in the vocal tract
by scattering partial waves
at impedance discontinui-
ties.

The self-oscillating glot-
tis model is of major im-
portance in this context.
It comprises a static (non-
oscillating) part or bypass
and an oscillating part,
the two-mass model [6].
While the two masses of the
latter differentiate bet-
ween the motion in the
lower and the upper glottal
region, the combination of
the static plus the oscil-
lating part differentiates
between the motion in the
posterior and anterior
part. The bypass models the
posterior portion, the less
flexible part of the vocal
folds. The control parame-
ter abduction area repre-
sents the vocal fold
position and changes the
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opening area of the bypass
and the phonation neutral
area of the two-mass model.

Negative abduction area
produces a glottal state in
which the vocal folds are
compressed medially.

4. "SHARPENING" IN THE

PRODUCTION MODEL

Fig. 1 shows the pattern of
the most important control
parameters for [o:s] for
glottal abduction and glot-
tal adduction. The vocal
tract constriction VTIC is
given by the control para-

meter tongue tip height.
The other control parame-
ters are: abduction area
@apd, cord tension q, lung
pressure (alveolar pres-
sure) Paiv-

In the case of adduction

the abduction area becomes
negative at the end of the
vowel, and medial compres-
sion is produced. At the
same time, cord tension and
lung pressure decrease, re-
sulting in the decrease of
FO and signal intensity.

In the other case '"sharpe-



ning" can be modelled by a

slow glottal abduction ge-
sture while the vocal tract
remains unconstricted. In
addition g must be varied,
while p,;, remains con-
stant.

Fig. 2 shows a naturally
spoken syllable and two
synthesized ones. The lat-
ter were produced by the
control parameter patterns
in Fig. 1; they both show
the typical decrease in in-
tensity and fundamental
frequency.

In the last part of this
study we investigated the
influence of the most im-
portant production parame-
ters on the acoustic cues
of "sharpening".

In the case of glottal ad-
duction these are the ab-
duction area ap, the cord
tension q, and the lung
pressure p, at instant to
(see Fig. 1). The time to
is defined as the instant
at which the adduction/ab-
duction gesture ends.

dint

Figure 3: Acoustic parame
- Case: adduction.
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natural

- 2 : s

figure 2: Resynthesis of

ihgipining" in [2:s] by
glottal adduction and =~
tal abduction. e

ters as function of production pa-

We measured the relative
decrease in fundamental
frequency dF0 and the rela-
tive decrease in intensity
dint. - Fig. 3 shows the
effect of the variation of
the production parameters
ao, do and po on the
acoustic parameters dF0 and
dInt. (1) When the ad-
duction becomes stronger
(ap higher negative values)
dInt decreases but dFo
increases. (2) Lowering of
qo leads to a decrease in
dF0 but to an increase in
dInt. (3) Lowering of pg
leads to a decrease in dInt
while dF0 remains relative-
ly unchanged.

So during strong adduction
it is necessary to lower
the cord tension and the
lung pressure to get the
acoustic features of the
"sharpening".

5. DISCUSSION

Resynthesis of '"sharpenend"
syllables by glottal abduc-
tion or adduction was done.
In the latter case, mecha-
nical compression (a,pg <
0), low cord tension and a
decrease in lung pressure
are necessary. Similar phy-
siological features were
found for the Danish "stgd"
[7]. The production mecha-
nisms are those of '"creaky
voice" phonation. Modelling
"sharpening" by glottal ab-
duction seems to be the
less promising way since at
the end of the vowel there
is a relatively high air
flow through glottis and
vocal tract which may pro-
duce aspiration. But both
production mechanisms gene-
rate the main acoustic cues

characteristic of '"sharpe-
ning".

6. REFERENCES

[1] HEIKE,G. (1962), "su-
prasegmentale Merkmale der
Stadtkdélner Mundart. Ein
Beitrag zur 'Rheinischen
Scharfung'", Phonetica
8,147-165.

[2] HEIKE,G. (1988), "Zur

wortunterscheidenden  Funk-
tion der rheinischen Schdr-
fung", Deutscher Wort-
schatz, 677-686, Walter de
Gruyter: Berlin, New York.
[3] KROGER,B.J. (1989),
"Die Synthese der weibli-
chen Stimme unter besonde-
rer Berilicksichtigung der
Phonation", Dissertation,
Kéln.

[4] HEIKE,G., GREISBACH,R.,
HILGER,S., KROGER,B.J.
(1989), '"Speech synthesis
by acoustic control", Euro-
speech 89, Vol.2, 20-22,
European Conference on
Speech Communication and
Technoloy, Paris.

[5] KROGER,B.J., OPGEN-
RHEIN,C. (1990), "Das phy-
siologisch akustische Mo-
dell AKUSYN des artikulato-
rischen Sprachsynthesesy-
stems ASSCO", IPK61n-Be-
richte 16, 69-117.

[6] ISHIZAKA, K., FLANAGAN,
J.L. (1972), "synthesis of
voiced sounds from a two-
mass model of the vocal
cords", Bell System Techni-
cal Journal 51, 1233-1268.
[7] FISCHER-JPRGENSEN, E.
(1989), "Phonetic analysis
of the Stgd in Standard Da-
nish", Phonetica 46, 1-59.

33



DYNAMIQUE LINGUALE DES

EVALUATION STATISTIQ

VOYELLES ORALES FRANCAISES
UE A PARTIR DE DONNEES

CINERADIOGRAPHIQUES

Bermnard FLAMENT

Institut Universitaire de Technologie - Heinlex - B.P. 420
44606 SAINT-NAZAIRE CEDEX - France.

ABSTRACT

In this present study we propose, through
cinerediographic data, to extract by close
evaluation the dynamics of the lingual
articulator for French oral vowels in two
sorts of actions : reinforced and unaccen-
tuated.We intend to apply a statistical
approach to lingual movements, at the
place of articulation, using dispersion
coefficients and confidence intervals. The
degree of lingual articulator stabilization
on the axe where maximum vocal tract
constriction occurs is more important in
the instances of reinforcement ; this is
even more distinct if the length of vocal
phonem is considered.

1-INTRODUCTION.LES TERMES
DE LA PROBLEMATIQUE.
1.1 Le renforcement, qui peut affecter
une partie de la chaine parlée, tend a
modifier de fagon plus ou moins sensible
porteme iculatoire et par 1a les
moda}xtcs acoustiques des réalisations
phonématiques. Sur un plan spécifique-
ment articulatoire, les mouvements vé.
laires lors de la production des voyelles
nasales renforcées sont notamment bien
l'ndividualisés, Pabaissement du voile
étant limité au maximum a la durée
phqngm}tique (certains cas de relévement
anticipé sont d'ailleurs relevés). Ep
reghsation non-renforcée, des phéno-
ménes d’extension ont licu : le passage
v;’]o—pharyngal non seulement présente un
dlame.tm plus important, mais il peut se
pmdum; d’une maniére a la fois récurrente
et subséquente (B.FLAMENT 141, 151)
introduisant bien entendu des modifica-
tions acoustiques des phonémes contigus.
Le positionnement vélaire Yy est en outre
p!u.s_ fluctuant, plus mobile alors qu'en
réalisation renforcée, la stabilisation est
plus marquée, le voile se maintenant en
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position plus proche de la paroi
pharyngale sous P'influence d'une tension
musculaire plus grande,

1.2 L'articulateur lingual semble bien
soumis a ce méme type de phénoméne
comportemental: dans un précédent travail
(B.FLAMENT et A.-H.SOUBRA 161),a
été mise en évidence la plus grande
stabilité des valeurs du diamétre de la
constriction pour les voyelles nasales
renforcées sur I'axe ol se produit le
rétrécissement maximal du conduit vocal,
La tension neuro-musculaire qui se
concentre dans la zone linguale participant
a la définition du lieu d’articulation
maintient la langue en position plus
proche du palais, du voile ou de la paroi
pharyngale suivant P'articulation et ce, de
fagon beaucoup plus stable que lors de la
réalisation non-renforcée des mémes
phonémes. Comme pour ce travail, nous
évaluerons ici la dynamique de I'arti-
culateur lingual, relative cette fois aux
voyelles orales du frangais, en appliquant
une approche statistique permettant de
quantifier Je degré de stabilisation de cet
articulateur lors des deux types de
réalisations phonématiques : renforcées et
non-renforcées,

2- LES MODALITES D’EXPERI-
MENTATION.

2.1 Elles sont similaires a celles du
travail déja mentionné (I6]) : les voyelles,
ici orales, du francais dans leur quasi
totalité, soit Ial Iel Iel Iol Iol Iol Ll Iyl
Iul sont insérées dans des monosyllabes
de type CV, eux-mémes placés dans de
courts énoncés (S-7 syllabes) de maniére a
ce que les phénomenes d’accentuation
soient limités numériquement. Ces mono-
sylla.bes. sont tantét soumis a une
valon’s'afxon au sein d'une structuration du
type "Cest ... qui / qu(e)” placée en

position forte en début d’énonciation,
tantdt ils sont inaccentués dans des
énoncés qualifiables de neutres, sans
procédé d'insistance. .
2.2 Les prises de vues cinéradio-
graphiques ont été€ effectuées au Centre
Meédico-chirurgical d¢ STRASBOURG-
SCHILTIGHEIM 4 la vitesse de 50 im/
sec., ce qui permet une appréhension trés
fine des faits articulatoires. Le locuteur est
un francophone -langue maternelle ; son
frangais est dénué de toute trace de nuance
régionale. .
2.3 L’ensemble du contour lingual a été
envisagé pour une juste définition du licu
darticulation de la voyelle considérée.
Des mesures précises quant au diamétre
du passage buccal aussi bien dans la zone
alvéolaire que dans les zones palatale,
vélaire ou pharyngale ont été relevées. Le
dynamisme de l'articulateur est étudié sur
Paxe ol se produit le rétrécissement
maximal et ce, image par image, pour
Pensemble de la durée articulatoire.
3- TRAITEMENT STATISTIQUE
DES DONNEES.
3.1 A partir des valeurs du diamétre du
tractus relevées sur l'axe du lieu
d’articulation, nous proposons un trai-
tement statistique. Prenons le cas en effet
de deux réalisations phonématiques bien
contrastées sur le plan des données
concemant la durée articulatoire : le Iel, le
I¢l et le Iul. En énonciation valorisée
(E.V.), la durée phonématique est
beaucoup plus accusée qu'en énoncé
neutre (E.N.) dans lequel la voyelle est en
position inaccentuée. A titre d'exemples,
voici, pour ces 3 voyelles et dans les 2
types de réalisations, les valeurs (en cm)
du diamétre du passage vocal sur I'axe
retenu :

Iel EN.0,7/09/1/1,25
E.vV.0,7/0,75/0,75/0,75/0,75
0,8 /0,85/0,85/0,9
Isl EN.1/1,15/1,25/1,3
E.vV.0,8/0,85/09/0,9/0,75/
0,75/0,75/0,75
Iul E.N. 0,4/0,4/0,7/0,9/1

E.vV.0,5/0,5/0,5/0,5/0,6/0,8

Nous observons non seulement une
grande disparité sur le plan de la durée
phonématique (chaque valeur correspond
a la durée d’une image radiologique),
mais aussi une variance positionnelle plus
importante dans le cas des réalisations en

E.N. La langue se maintient peu dans la
position-cible : une mouvance de cet arti-
culateur intervient de fagon plus marquée
qu’'en réalisation renforcée (E.V.) ol une
stabilisation se produit,

3.2 Evaluation des écarts-types.
3.2.1 L’écart-type d’'une série de me-
sures comportant N nombres Xp, X,
-« Xy estnoté par s et se définit par la

formule suivante :

s=

ot X représente la valeur moyenne des
nombres de la succession désignée par x.
3.2.2 Voici les valeurs de s pour les
différentes voyelles orales considérées, en
prenant en compte la totalité de la durée
de l'articulation :

IaIE.N.7 0,0639 +
E.V.8 00415 - N s

IeIE.N.5 0,0374 + IeIE.N.4 0,1980 +

E.V.8 0,0348 - E.V.9 0,0614 -
IoIE.NN.8 0,1871+ IoIE.N.7 0,2279 +
EV.9 0,0774- EV.8 0,1225 -
ToIE.N.4 0,1146 +
E.V.8 0,0634 -
LIEN.S 0,0245+ IyIEN.3 0,0471 +
EV.5 0 - "EV3 0 -
IuIE.N.5 0,2481 +

E.V.6 0.1106 -

La dispersion des valeurs en E.V. par
rapport a E.N. présente un déficit dans la
totalité des cas : 1a stabilité articulatoire
-linguale- y est plus importante, au lieu
d’articulation, dans ce type de réalisation.
La ou les valeurs de s sont déja trés
faibles en E.N. (C’est le cas essentiel-
lement des voyelles antérieures, de lieu
darticulation alvéolaire), celles-ci s'abais-
sent encore en E.V. Dans les autres cas,
les écarts entre E.N. et E.V. sont parfois
trés sensibles avec des rapports (bilan
E.N/E.V.) pouvant atteindre 1 & 2 et
méme quasiment 1 & 3. L'incidence des
muscles Jinguaux n’est pas négligeable
dans ce processus, notamment pour les
réalisations postérieures :les muscles qua-
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lifiés d’extrinséques, en Poccurrence le
palatoglosse, le styloglosse et I'hyoglosse
modifient la position et la configuration
de la langue dans la cavité buccale, de la
zone palatale a la région pharyngale
inférieure ( sur Pactivité linguo-mus-
culaire, v. entre autres les travaux de
W.-J.HARDCASTLE 171, S.WOOD 91,
J.-P.ZERLING I10I, M.ROSSI ]8I,
pp-97-99 ).Les articulations postérieures
Iul, Iol se caractérisent toutefois par une
dispersion des valeurs plus accusée,
imputable sans doute au fait que la masse
linguale darriére est plus importante, et
rend plus lent, plus aléatoire, le
positionnement lingual au lieu d’articula-
tion ; ceci est tout particuliérement sen-
sible en E.N. ol les phénoménes de
coarticulation sont conséquents et ot la
stabilité y est donc moindre. En E.V., le
diamétre du tractus diminue et la
position-cible est davantage maintenue
sous l'influence de la tension neuro-
musculaire.

3.2.3 Les valeurs de s sont encore bien
plus réduites pour les réalisations
renforcées si I'on prend comme base
temporelle la durée articulatoire des
mémes phonémes , observée en E.N. ;

Ial (N=7) s=0,0416

Iel (N=5) s=0,02 Iel (N=4) s =0
Iol (N=8) s=0,0415 IoI(N=7)

{?} 8:-2; s-g 5=0,0942
i =5) s = IyI (N=3) s=0
Iul (N=5) s=0,04 YIN=3) s

uab ilité est observable
pour les réalisations renforcées. La
rggu}ation du paramétre de la durée
d}mmue le taux des éventualités de
dlspexsiqn concernant les valeurs de xj-X ,
ce qui réduit encore la valeurde s. Il 'y
a gueére que pour Ial od celle-ci est
quasiment la méme, du fait d'une trés
faible augmentation de durée en E.V.
(N'Q) par rapport & E.N. (N=7) et pour
Il ol savaleur (nulle) reste inchangée.
3.3 Intervalles de confiance.
A’ﬁn de nous assurer de la validité des
résultats, nous avons calculé Pintervalle
de confiance pour chacun des phonémes
vocaliques &(\’rec Enéisati
temporelle de la durée articulatoire E.V. /
E.N.). Cet intervalle de confiance a été

calculé en considérant un degré de
s_gqﬁmg_g €gal a 95% pour les différentes
séries.
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IalENN. N=7 0,0445 < g < 0,152
EV. N=7 0,0290 < g < 0,0991
Iel EN. N=5 0,0251 < o <0,120
E.V. N=5 0,0134 < o <0,0643
IelI ENN. N=4 0,1295 < ¢ <0,8526
E.V. N=4 0 <0 < ¢
Il ENN. N=8 0,1322 < g <0407
E.V. N=8 0,0293 < o <0,0902
Iol E.N. N=7 0,1586 < o <0,5421
E.V. N=7 0,0656 < o <0,224
Iel EN. N=4 0,0749 <o <0493
EV.N=4 ¢ <o < ¢
LHI E.N. N=5 0,0164 < o <0,0787
EV.N=5 o <0 < 0
Iyl E.N. N=3 0,1663 < g <0,7974
EV.N=3 0 <g¢g < ¢
Iul E.N. N=5 0,0301 < ¢ <0,3628
E.V. N=5 0,0268 < 0 <0,1285

Les intgrvallcs de confiance sont toujours
compris entre 2 valeurs plus faibles
-parfois de fagon trés nette - lorsque
Particulation considérée est en E.V. On
observe méme dans un certain nombre de
cas des valeurs nulles, traduisant une
constante stabilité articulatoire dans la
zone d'a’rticulation et ce, pour la durée
concernée, dans ce type de réalisation.

4- RESULTATS.

1) Les valeurs de s en E.N. s'avérent
toujours supérieures en E.V. Ceci marque
] irecte entre renforcement
articulatoire et stabilité -ou accroissement
de la stabilité- de Particulateur lingual au
lieu d’articulation. La tension neuro-
musculaire plus importante qui accom-
pagne la réalisation de phonémes
voc.a!lqucs renforcés permet d'une part un
positionnement lingual plus rapide dansla
position-cible caractéristique de Particula-
tion ; d’autre part, elle favorise le maintien
de cet articulateur dans cette position,
provoquant ainsi une stabilisation linguale
a l’epdroil ou s’effectue le rétrécissement

maximal du conduit vocal.
2) Les s voyelles de constriction nettement
antericure telles Iil Iyl Iel présentent des
valeur’s de s faibles en E.N. et encore
plus réduites en E.V. (voire nulles). Ceci
peut étre imputable essentiellement sans

aucun doute a la durée plus faible pour ce
type de voyelles, donc & de moindres
possibilités de dispersion des valeurs ;
une autre raison découle de laction du
maxillaire inférieur : bien qu'il existe une
complexité certaine des rapports entre les
mouvements linguaux et ceux de la
mandibule (A.BOTHOREL I1I, pp.119-
120), Pinfluence stabilisatrice de cet
articulateur apparait le plus opérant
s'agissant d’articulations vocaliques "réa-
lisées par un mouvement de la partie
antérieure de la langue” (A. BOTHOREL
121, p.70). Pour ce qui est des voyelles de
réalisation postérieure Iol Iol Iul, le
renforcement entraine des réductions trés
marquées des valeurs de s (v. notre essai
d’explication, §3.2.2). A linstar de la
postériorisation des articulations, la
labialité intervient gu détriment de la
stabilité linguale, Iol et Jul présentant des
valeurs de s plus élévées en E.N. par
rapport a Iol, et restant supérieures en
E.V. pour Iol. L'adjonction, au plan
distinctif, du trait de la labialité, perturbe
le degré de stabilisation articulatoire (ceci
va tout a fait dans le sens des observations
d'A.BOTHOREL I2I, p.68).
3) La durée articulatoirc n’est pas a
considérer d'une fagon absolue. Dans les
cas de renforcement, la stabilisation
linguale est en effet plus marquée alors
que la durée articulatoire augmente trés
généralement ; encore convient-il de
confronter les mémes phonémes dans les
2 types de réalisations -renforcées et
non-renforcées. Ceci est & mettre en
relation avec le débit d’élocution, plus
rapide dans les énonciations neutres. En
raison de l'accroissement de ce débit, la
précision des gestes articulatoires est
moins grande et la "cible” moins souvent
atteinte (J.CAELEN I3I, p.129). Néan-
moins, une briéveté phonématique n'im-
plique pas nécessairement une plus grande
instabilité articulatoire : les cas du Iil et du
Iyl sont plus que probants ; leur bri¢veté
de réalisation -par nature- est largement
compensée par I'augmentation de l'in-
fluence _stabilisatrice du maxillaire in-
féricur.” En fait, I'analyse des faits
articulatoires est complexe : Pexplication
de ces faits passe bien souvent -sinon de
fagon inéluctable- i
des_imbrications

d’articulateurs et de
comportements musculaires.

4 - REFERENCES
111 A.BOTHOREL (1983), "Contraintes
physiologiques et indices articulatoires”,
Speech Communication 2 , n°% 2-3,
pp.119-122,
121 A . BOTHOREL (1984), "Apport de la
radiocinématographie & la recherche
phonétique”, Etudes de Phonologie,
Phonétique et Linguistique descriptive du
frangais, Buske Verlag, Hambourg,
vol.1, pp.55-88.
I31J.CAELEN (1985), "Introduction & la
segmentation cinématique”, Actes des
14émes J.E.P., G.A.LF. et ENS.T.,
Paris, pp.129-132.
141 B.FLAMENT(1988),"Positionnement
vélaire en francais sous l'effet de la
tournure valorisante : présentatif+relative
-Approche articulatoire sur les plans
phonématique et interphonématiquc”,
Actes du 7éme Symposium F.A.S.E.,
Edimbourg, vol.3, pp.875-882.
151 B.FLAMENT 5%89), "Traitement
articulatoire -lingual et vélaire- des
voyelles nasales en francais sous I'effet de
1a valorisation”, Mélanges de phonétique
8énérale et expérimentale offerts &
g’.SIMON, Strasbourg, vol.1, pp.371-
91.
161 B.FLAMENT et A.-H.SOUBRA
(1990),”Approche statistique de la
dynamique linguale en frangais
-Application aux voyelles nasales”, Actes
du ler Congrés francais d’Acoustique,
L.C.P.L, Lyon, vol.I, pp.491-494.
171 W..-J.HARDCASTLE (1976),
Physiology of Speech Production,
Academic Press, London / New Yotk /
San Francisco.
181 M.ROSSI (1983), "Niveaux de
I’analyse phonétique : nature et
structuration des indices ct des traits”,
Speech Communication 2 , o°® 2.3,
pp.91-106.
191 S.WOOD (1977), "A radiographic
analysis of constriction locations for
vowels”, Working Papers 15, Phonetics
Laboratory, Lund University, pp.101-
131.
1101 J.-P.ZERLING (1979), "Description
de cinq voyelles orales du frangais en
contexte et nouvelle classification
articulatoire”, Verbum , Nancy-II, 1,
pp.55-87.

37



A FEEDFORWARD CONTROL STRATEGY CAN SUFFICE
FOR ARTICULATORY COMPENSATIONS

Shinji Maeda

Département SIGNAL, CNRS URA-820
Ecole Nationale Supérieure des Télécommunications
46, rue Barrault, 75634 Paris Cedex 13, France

. ABSTRACT
Anarticulatory model was used to analyze
cineradiographic and labiofilm data. The
variation in "target" values of two model
parameters, the jaw and tongue-dorsum
positions, during the production of the
vowels, /i/ and /a/, was examined. The
“"target” values of these two parameters for
the same vowel vary much more than the
corresponding acoustic ones. The scat-
tergram of each vowel exhibited a linear
relationships which can be regarded as an
indication of the coordination between the
jaw and tongue. When the coordination
effects are subtracted, the articulatory
variability becomes comparable to that of
the acoustic (F1/F2) one. Calculations
with the model indicated that the coordi-
nation is used by speakers to achieve an
acoustic compensation. These findings
suggest that vowel production is com-
pensatory and that compensation can be
modelled effectively by a feedforward
strategy.

1. INTRODUCTION

Bite-block vowel experiments have dem-
onstrated a speaker’s ability to compen-
sate for the effects of blocked jaw position
by readjusting the other articulators to
produce specified vowels. Observing a
speaker’s ability to compensate immedi-
ately, Lindblom, Lubker and Gay have
suggested that normal speech production
itself is compensatory [3]. If this is the
case, we should observe in normal speech
a high degree of variability in the indi-
vidual articulatory positions and a lower
degree in the corresponding acoustic
patterns, for example, in the formant pat-
terns. Moreover, if compensation occurs
in an arbitrary manner, it is not effective
to specify vowel targets in terms of arti-
culatory parameters. This appears to be
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one of reasons why the targets are often
described by the vocal tract area function
[2). If compensation occurs in a lawful
manner however, the vowel targets can be
specified directly by the individual para-
meters with some calculations reflecting
the laws. We shall investigate these
questions by analyzing X-ray and labio-
film data with an articulatory model.

2. ARTICULATORY DATA AND
MODEL

The data consist of more than 1000
digitized tracings of vocal tract shapes
corresponding to 10 French sentences
uttered by two female speakers, PB and
DF[1]. Each of the data frames describing
the vocal tract profiles from the glottis to
the lip opening and the frontal lip shapes
was obtained by manually tracing radio-
films and labiofilms shot simultaneously
at a rate of 50 frames per second. The
digitized version of the data has been
kindly provided by the Phonetic Institute
of Strasbourg, France.

The measured vocal tract shapes were
analyzed statistically. A factor analysis
has resulted in a linear articulatory model
with seven parameters. In this study, we
shall focus our attention on two para-
meters, the jaw and tongue-dorsum posi-
tions for two reasons: these two
parameters are most _important for
specifying the tongue profiles and they can
acoustically compensate for each other,
specifically in  the production of
El;\]rounded vowels, such as /i/, fe/, and /a/

3. ARTICULATORY VARIABILITY
With the linear model, the value of each
parameter is calculated directly from the
measured vocal tract shape. The articu-
lation along a sentence can be described,
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therefore, by the frame-by-frame variation
of the calculated articulatory parameter
values. The resultant data have indicated
a considerable articulatory variability for
the same vowel from different phonetic
contexts. In order to assess the range of
variability, trajectories of the two para-
meters, jaw and tongue dorsum, had been
plotted on the jaw-tongue articulatory
space. Then an articulatory "target" posi-
tion was determined as the turning point
on each trajectory. The result is shown in
Fig.1.

The straight lines plotted on Fig.1 were
determined by means of a principal com-
ponent analysis of the scattergrams asso-
ciated with each of the two vowels: they
correspond to the first principal axis.
Although the scattergrams exhibit a great
degree of variations, the data points for i/
and /a/ are distributed without overlap.
Furthermore, each cluster is distributed
roughly along the straight line. These
straight lines can be regarded as linear
approximations of the inter-articulatory
coordination between jaw and tongue-
dorsum. The observed variability, there-
fore, can be separated into a controlled
context-determined variation and an
unexplained residual, say, "true" vari-
ability. Since the proportion of the vari-
ance extracted by the first principal

component varies between 65% (in the
case of [a] uttered by speaker PB) and 88%
({i] by speaker DF), the true articulatory
variability for jaw and tongue ranges from
35% to as small as 12% of the observed
variance.

4. ACOUSTIC VARIABILITIES

The articulatory variability can be exam-
ined more meaningfully, if it is compared
with the corresponding  acoustic
variability. In this study, the first (Fl)and
second formant (F2) frequencies, as the
acoustic characteristics of the two vowels,
were calculated using the articulatory
model. The F1-F2 calculations were done
only for speaker PB, since the data for DF
lacks the lip section and thus F1 and F2
cannot be calculated. All seven parameter
values were derived from the correspon-
ding data frame. The area function and
then formant frequencies were computed
from model specified vocal tract shapes.
The resultant F1/E2 plots are shown in
Fig.2. The data points for the vowel W/
are added to indicate the vowel space of
speaker PB.

Comparing the articulatory target scat-
tergrams in Fig.1 (for speaker PB)and the
corresponding acoustic ones in Fig.2, it
appears that the acoustic scattergram
points are distributed more tightly than
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Fig.2 The first (F1) and second (F2)
formant scattergrams corresponding to
the articulatory target scattergrams
shown in Fig.1 (for speaker PB). The
scattergram for the vowel lul is also
plotted to indicate the speaker’s vowel
space.

articulatory ones, i.e., acoustic variability
seems to be less than articulatory one. For
a quantitative comparison, let us propose
a variability index, v (an averaged nor-
malized variance), for two articulatory or
two acoustic variables as follows:
ve100xA [ Y+ 2] @
2(0l,. .

where o7 is the variance of variable i (= 1
or 2 in our case), and o _ is the possible

maximum variance of variable i. Since a
sufficient amount of data to determine the
possible maximum variance is not avail-
able, we have assumed, as a gross
approximation, that o, _, of articulatory
and acoustic data can be substituted by the
values of half of the range of the individual
variables. In the calculation of the arti-
culatory variability index, 6, _ =3 isused
for both jaw and tongue-dorsum data,
corresponding to half the range, since
parameter values rarely exceed the range
from -3.0 to 3.0. The acoustic variability
index is computed assuming that 6,__ (for

F1) equals to 300 Hz, and 5, _ (forF2)to

1250 Hz. The calculated index values are
listed in Table 1.

Table 1 Articulatory and acoustic
variability indices (in %) for the two
speakers

PB DF
Y Al M
Jaw/Tongue
v 217 162 17.0 184
Voicw 15 8.1 3.6 4.6
F1/F2
v 79 89 e

The index values span around 20% for
the articulation and less than 10% for the
acoustics. The residual articulatory vari-
ability indices are listed at the rows
marked "v,,.." in Table 1, which are

calculated from the proportion of variance
correspondingtothe residual. Theseindex
values are less than 10%, a value which is
less than half of the corresponding total
raw variability, and which compares well
with the index calculated for the F1/F2
scattergrams of PB shown in Fig.2. For
speaker DF, the true articulatory vari-
ability is four times less than the observed
raw variability. The calculation have
indicated that although the variability of
the individual articulators is relatively
great, if the coordination term is sub-
tracted, the articulatory variability com-
pares well with the acoustic one.

5. COMPENSATORY ARTICULA-
TION

What mechanism lies behind this signifi-
cant reduction of the variability from
articulatory to acoustic by means of
coordination? In our previous studies [4],
we have already shown that in case of
unrounded vowels such as /i/ and /a/, jaw
and tongue-dorsum positions can
acoustically compensate for each other, as
mentioned earlier. The compensation
means that a deviation in the position of
one articulator can be compensated by a
readjustment of other articulator(s) tokeep
the deviation in the acoustic pattern to a
minimum. It is reasonable, then, to
hypothesize that the inter-articulatory
coordination, in fact, results in the acoustic
compensation of the type just describéd
above. If this is the case, the principal axis

representing the coordination in Fig.1, is

alsoan acoustical "equi-line",i.e.,changes

in the values of the two parameters along
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these lines result in relatively invariant
acoustic patterns that depend only on the
vowel identity.

In order to demonstrate the acoustic
equivalence for the two vowels, F1 and F2
values were calculated at different jaw
positions from -2.0 (low) to 1.0 (high) for
/i/ and from -3.0 t0 0.0 for /a/, with 1.0 step
size. The corresponding tongue positions
were determined by their linear relation-
ships. Note that a change in jaw position
influences not only the tongue shape, but
also the lip aperture and, to some extent,
the larynx position. The values of the
remaining five parameters were kept fixed
at those originally determined from the
corresponding vocal tract data frame. The
results are listed in Table 2. The index
related to the equi-line of /a/ is 3.2%,
which is much smaller than observed
acoustic variability. As far as the vowel
/i is concemed, the index becomes
extremely small, about 1%, indicating that

the equi-line produces an almost invariant
F1-F2 pattern.

Table 2 FI1/F2 variability indices
calculated along the equi-lines of PB in
Fig.l.

range index
il 2010 11%

faj 3000 32%

Although the acoustic compensation
along the equi-lines is not perfect, itis safe
to state that articulatory manoeuvres along
an equi-line tend to result in fairly
invariant acoustic patterns around the
target vowel. It should be emphasized here
that the equi-lines are derived from the
observation of data. It is tempting to
speculate then that the speakers have
integrated these equi-lines in their mental
process and exploit them to place indi-
vidual articulator positions differently but
appropriately for particular phonetic
contexts, yet producing relatively invari-
ant acoustic targets.

It may be noteworthy to mention that
the coordination does not necessarily
always means compensation. In the case

of /u/ for example, the raw variabilities of -

the jaw and lip parameters (height and
protrusion) were relatively small, less than
10%. In detail however, scattergrams
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indicated that closing the jaw, and nar-
rowing and protruding of the lip opening
occur concomitantly, enhancing together
a narrow and long lip tube. The acoustic
consequences of this kind of coordination
would be exactly in the opposite of com-
pensation.

6. CONCLUDING REMARKS

It has become clear that the apparently
large variability of the individual articu-
lator positions during the same vowel but
from different contexts can be explained,
at least in part, by the inter-articulator
coordination. Moreover, the coordination
is such as to achieve an acoustic com-
pensation which results in the realization
of a relatively invariant acoustic target,
thus supporting the idea of speech pro-
duction as a compensatory process [3].
Surprisingly, the coordination and thus the
compensation can be specified directly in
terms of articulatory parameters. The
implication of this is important. If the
relationship is well defined in such a
simple fashion, it is not unreasonable to
assume that speakers know exactly how to
coordinate in advance. Then a feedfor-
ward control mechanism can be assumed
for the compensatory articulation, without
resorting to acoustic or to sensory feed-
back. "o
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ABSTRACT
Articulatory data and the all-pole
transfer functions for sustained frica-
tve consonants [s, f, ¢] were used to
identify the cavity affiliation of peaks
and troughs in the far-field spectra.
This identification then allowed an
analysis of the differences between
fricatives, and across subjects within

fricatives, necessary steps towards the”

establishment of distinguishing acous-
tic cues,

1. INTRODUCTION

It has long been established that [f,e]
are distinguished chiefly by the transi-
tions of the vowels on either side,
while [s,{] are distinguished by their
spegtral cteristics [3]. But estab-
lishing the particular spectral cues that
distinguish [s, J1 from each other, or
from other fricatives, is more difficult.
Many authors report consistency with-
in a speaker, but high variability
across sgeakers [4,7]. Perhaps as a
result, efforts to phrase distinguishing
cues in terms of the frequency range of
the highest intensity levels, or in terms
of relative intensity levels, seem to
work well within a speaker but poorly
across speakers (e.g. the frequency
ranges overlap so much as to be use-
less.) [7].

In this study we explore variability in
the spectra of sustained fricatives.
First, we need to establish which
aspects of the spectrum are consistent

. within a speaker-fricative combination.,
Then where possible we identify the
articulatory parameters that control
these consistent features of the spec-
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trum. Finally we use this articulatory-
acoustic mapping to explain some of
the across-subject differences. This
sequence should lead to a set of paired
articulatory-acoustic cues that can then
be tested for their perceptual import-
ance.

2. METHOD

2.1 Corpus and Speakers

The corpus used in this paper is the
result of a larger study (Leeds, Gren-
ob!e, Southampton). [t includes
articulatory, aerodynamic and acoustic

. Mmeasurements made of two speakers.

The corpus includes 13 fricatives [£y-
8,8,s,2, ,3,q,j,x},h] produced in several
ways s study refers only to the sus-
tained corpus, in which the set of 13
fricatives was said six times; in each

set, the order of the 13 fricatives was -

randomized. Two different recordings
of the sustained fricatives were used in
this study, as detailed below.

The two speakers used for the corpus
are the first two authors of this pape
and will be referred to as CS, a woman
speaker of General American English,
and PB, a man speaker of French.
{\lthough the list of fricatives recorded
includes several that are not native to
either speaker, these were included
deliberately to obtain further examples
of place variation for the same vocal
tracts.

In addition to measurements made
while speaking, X-ray data and dental
impressions were available for each
subject. Together with EPG data and
external photographs, these were used

to construct an area function for each
unvoiced fricative for each speaker [6].

2.2 Acoustic Analysis

Data shown in this paper were record-
ed under high-fidelity conditions: the
subject was seated in a chamber
anechoic above 170 Hz, with a B&K
4165 %" microphone located 1m in
front of the subject’s mouth. Record-
ings were made with a Sony PCM
system at 16 bits with a sampling
frequency of 44.1 kHz. A calibration
signal was recorded to allow absolute
sound pressure level to be retained.

An average power spectral density

function was computed by averaging
25 spectra in the center of the 3s frica-
tive. Each spectrum was computed
using a 20ms Hanning-window.
2.3 Determination of Transfer Function
In this experiment, the subject
assumed the position for a fricative,
but without actual speech production
(glottis held closed). The vocal tract
was excited by a small loudspeaker fed
with white noise and pressed against
the neck just above the thyroid carti-
lage. A microphone located 2cm from
the mouth detected the (very weak)
noise signal after filtering by the vocal
tract. This signal was essentially the
all-pole transfer function of the tract,
up to about 5 kHz.

The area functions derived from
articulatory data were then used to
predict the all-pole transfer function
for each fricative. Comparison of pre-
dicted and measured all-pole functions
then enabled identification of the cav-
ity affiliation of each pole. Further
details are given in [2].

3. RESULTS AND DISCUSSION
Figure 1 shows three of the fricatives
analyzed, with all six tokens shown on
each graph. Note first the consistency
apparent within each graph, i.e. within
each fricative-subject combination.
This consistency makes it easier to
evaluate the variability across
speakers, and across fricatives. For
[s,¢] the overall spectral shapes are
simitar but the frequencies at which
particular peaks occur differ between
the two. speakers. For [[], even the
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overall shape differs: both speakers
have a region of high energy, between
1.5 and 6 kHz for PB, and 2.5 to 7
kHz for CS. However, for PB there is
an abrupt drop in amplitude of some
10 dB at 6 kHz and the spectrum is
approximately level above that fre-
quency; for CS, there is no abrupt
drop. Instead the level falls off stead-
ily, decreasing 20 dB between 7 and
12 kHz. Can we make sense of these
differences?

Badin’s results [2] indicate that for
CS’s [[1, F1 is a Helmholtz resonance
of back cavity and constriction; F2 and
F3 are back cavity resonances; and F4
is a front cavity resonance. A series
pressure source in the front cavity
would result in zeros cancelling the
back cavity resonances, plus two free
zeros: one corresponds to a Helmholtz
resonance of the constriction and the
part of the front cavity between the
constriction exit and the source. The
other corresponds to the half-
wavelength resonance of the same part
of the front cavity.

Since CS has smaller vocal tract dim-
ensions, her formant frequencies are
predicted to be higher, and in fact they
are. However, a much more obvious
difference is that for CS the first four
formants are approximately evenly
spaced, while PB has F2, F3 and F4
clustered together. With the zeros
interspersed, these small differences in
formant frequency make a big differ-
ence in formant amplitude: for PB, the
second formant is boosted and becomes
the lowest high-amplitude peak, while
for CS, F3 takes on that role. This
means that the lower edge of the high-
amplitude region differs by 1 kHz, even
though F2 differs by only 100-200 Hz.

Above 5 kHz we have less informa-

~ tion to work with. However, the dif-

ferences in spectral amplitude and
slope could be explained if the free
zero were at a significantly lower fre-
quency for PB than for CS, e.g. 7 and
12 kHz respectively. This zero fre-
quency should be inversely proportion-
al to l;, the teeth-constriction distance,
and in fact J, is significantly longer for
PB, as evidenced from X-ray and direct
palatography. This is surprising since



the vocal tract dimensions in the anter-
ior part of the mouth cavity, obtained
from measurements of the two sub-
jects’ dental impressions, are quite
similar. Since the phoneme is native
to each subject, and the spectral differ-
ences noted are consistent within each
subject, more subjects are needed to
establish why the articulatory differ-
ences exist.

The fricative [s] is more similar for
the two subjects. Since the front cav-
ity is smaller than for [[], the corre-
sponding resonances are higher. For
CS, it appears from transfer function
simulations that the lowest front cavity
resonance is F6 (see Fig. 1); F2, F3,
F4 and F5 are the lowest resonances of
the back cavity (harmonics of the half-
wavelength mode), and are accom-

anied by bound zeros. For PB the
owest front cavity resonance is F5,
and F2, F3, and F4 are the back cavity
resonances [1]. The differences
between these resonances are consist-
ent with the articulatory data. The
amplitude of the plateau above the
front cavity resonance relative to the
spectral level of this resonance varies
noticeably between the two subjects,
and again the free zero may be lower
for PB (approximately 11.5 kHz) than
for CS (well above 12 kHz).

The fricative [¢] is not native to
either speaker, and so might be
expected to be more variable. In fact,
it looks consistent for each speaker,
and the overall spectral shape is simi-
lar. For both speakers, the lowest
front-cavity resonance is the lowest
high-amplitude formant. This corre-
sponds to F4 for CS, F3 for PB.
Although the front cavity is longer for
[¢] than for [[], this front-cavity res-
onance is not significantly lower. A
possible explanation is that for ex-
tremely short front cavities, the reson-
ance frequency is related to the vol-
ume or possibly vertical dimension.
Thus the exact shape of the sublingual
cavity becomes important for [s, J1. As
for [[1, the spectral shape at high fre-
quencies differs, and could be
explained in part by a difference in
source-constriction distance. The like-
lihood that the source is distributed

[5] complicates the issue by blurring
the free zero, but in any case a lower-
frequency free zero would reduce the
overall amplitude relative to [ [l

5. CONCLUSION

The search for acoustic cues disting-
uishing fricative consonants must begin
with a study of the variability present
in fricative production. By using sub-
jects for whom much articulatory data
is available, it has been possible to
locate low-amplitude but consistent
spectral peaks, and to discover their
cavity affiliation and controlling para-
meters. Although vocal tract dimen-
sions influence peak frequencies, the
added complications introduced by
zeros mean that simple measures such
as frequency range for high-amplitude
regions are likely to be highly variable.
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ABSTRACT

. This study is based on both personal and
published data for about 2500 vocalic realisations.
Frontal shape of the lip opening was analysed for
several languages: French, English, Thai,
Cantonese, Finnish, Polish and Swedish,

 Starting from a description of labial
activity for French vowels, we show through a few
examples in what way articulatory activity may
vary from one language to the other, even if pho-
nological features are the same. In other words,
vowels usually described by the same IPA sym-
bol may appear to differ not only by labial articu-
lation, i.e., degree of lip opening and labial area,
but algo by the type of activity involved, i.e.,
spreading, protrusion, flatening, etc. Vocalic ca.
tegories which are apparently similar for two par-
ticular languages may actually refer to labial
sl?apes and articulatory strategies involving very
different intervocalic relations,

L. INTRODUCTION

On sait le rdle important joué par les
Ieévres en phonation. Les €tudes phoné-
tiques portant sur le frangais concernent
des domagnes trés variés: la phonétique
lenlcu!agquc 2,22}, l'acoustique [15),
I'acquisition automatique des données
[12], etc.

. Ces recherches trouvent leur appli-
cation en phonétique et en phonologie [5],
:nlnﬁdﬂlisation et en synthése de la pa-

ole[1,14]), en percepti i
B.AL12 18], o p ption visuelle

. La présente étude vient se greffer a
diverses autres que nous avons nous
meme menées, toujours A propos de la
I?blallgé, mais concernant en plus la coar-
ticulation [19], les stratégies articulatoires
[2'0,22],. la variabilité [21] et les compa-
raisons interlangues [22,23].
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2. METHODE

Nous avons déja décrit a plusieurs
reprises la méthode retenue. Elle consiste
A observer essentiellement les parametres
frontaux de l'orifice labial, notamment
I'écartement horizontal A, T'espace vertical
interlabial B, 'aire S et éventuellement Je
facteur de forme K2 = A/B.

Les mesures ont été obtenues,
selon les corpus, A partir de labio-photo-
graphies ou d'images de labiofilms, Ces
documents ont été réalisés soit par nous
pour le frangais et le that [22], soit em-
pruntés & des bases de données exis
tantes mais pas forcément destinées di-
rectement a I'étude des levres, pour le
frangais, I'anglais, le suédois, le cantonais,
le finlandais, le polonais [3.4,7,9,13].

Pour les besoins de Ia présente
¢tude, nous avons exploité essentiellement
deux sortes de graphiques: la répartition
des réalisations dans le plan (A,B) et la
dispersion des valeurs de S pour chaque
voyelle. Ces documents permettent de
comparer 2 la fois les positions relatives
des voyelles d'une méme langue et celles
de langues différentes.

3. LABIALITE VOCALIQUE
COMPAREE POUR PLUSIEURS
LANGUES
3.1 Caractéristiques du frangais

Une étude approfondie sur le
franga;s [22], nous a permis de conclure,
au moins pour notre langue, que les deux
degrés de labialité phonologique ne cor-
respondaient pas de maniere biunivoque i
deux degrés de labialité articulatoire. De
plus, 2 I'abaissement relativement pro-
gressif de la langue lors de la prononcia-
tion des voyelles d'une méme série ne cor:
respond pas nécessairement une ouverture
progressive de l'orifice labial. Statisti-
quement parlant, et aussi bien pour l¢s

réalisations tenues que pour celles en
contexte, il apparait que les voyelles se
regroupent selon trois classes de labialité
distinctes que nous avons nommées pour
le frangais: [-lab), [+lab] et [++lab)
(Fig.1). 11 est & remarquer que toutes les
voyelles d'une méme classe peuvent
adopter la méme forme frontale d'orifice
labial, indépendamment de l'articulation
linguale. On note encore que deux
voyelles labiales peuvent s'opposer par la
labialité: [4,5], ce qui contredit I'habituelle
opposition +/-rond.

3.2, Comparaison & d'autres langues

Les langues étudiées sont généra-
lement caractérisées par une opposition
phonologique binaire de labialité voca-
lique. C'est-2-dire qu'elles possédent des
voyelles de méme nature articulatoire
s'opposant essentiellement par leur degré
de labialité. Dans la mesure du possible,
les systtmes choisis comportent des
voyelles antérieures 2 la fois labialisées et
non-labialisées.

Partant d'une classification articu-
latoire générale de la labialit€ vocalique
que nous avons définie par ailleurs [22],
nous passerons en revue les caractéris-
tiques labiales proposées en illustrant par
des exemples précis leur bien-fondé ou
leur variation d'une langue 2 une autre.
3.2.1. Mode de labialisation

Cette caractéristique est générale-
ment binaire: labialisé vs non-labialisé,
Elle est valable pour toutes les langues
observées et son choix releve de la des-
cription phonologique.

L'observation révéle que pour un
méme mode de labialité, divers types de
labialisation peuvent étre utilisés, qui
générent néanmoins une méme aire
labiale, et permettent donc d'aboutir 3 un
méme résultat acoustique.

3.2.2. Type de labialisation

Pour le moment, nous en retenons
cing. IIs sont le reflet direct de l'activité
musculaire:

- labialisé arrondi protrus

- labialis€ écrasé non-protrus

- non-labialis€ écrasé

- €carté, avec recul latéral des commis-
sures

- neutre, contrdlé par les mouvements du
maxillaire,

Un méme mode peut donc étre obtenu de
diverses manieres, selon son type:
Mode labial:
- le plus fréquemment réalisé par une pro-

trusion et un arrondissement des 12vres;
c'est le cas pour la plupart des langues
observées,

- mais parfois une forte diminution de
I'aire labiale est obtenue simplement par
un écrasement vertical de I'orifice, comme
pour certaines prononciations de 1'anglais
(Fig.2).

Mode non-labial:

- il est généralement caractérisé par une
forme assez variable et surtout une aire
relativement importante;

- en revanche, on rencontre parfois dans
une méme langue, a c6té du premier type
de non-labiales, des voyelles caractérisées
par un orifice trés écras€ verticalement. Il
s'en suit une réduction importante de l'aire
mais qui reste néanmoins nettement su-
périeure 2 celle subie par les voyelles la-
bialisées: [i,#] polonais [4], [3:] anglais
[3], [§,9] thai (Fig.3), anglais (Fig.2).

Certaines langues possédent des
voyelles labialisées trés ouvertes qu'il est
difficile de classer avec les types précé-
dents, par exemple: [a:] suédois [13] et en
thai (Fig.3). Il nous parait judicieux de les
appeler "neutres” et de les considérer plu-
tot comme non-labialisées.

Bien que notre étude ne traite pas
directement de l'activité musculaire, nous
avangons I'hypothése que chacun de ces
types de labialisation pourrait constituer
un "axe labial naturel" [16], caractérisé
par un ensemble de voyelles impli-
quant l'activité progressive non contradic-
toire d'un muscle ou d'un groupe de
muscles ; par opposition 2 un axe non-na-
turel impliquant une réorganisation com-
plete de l'activité musculaire entre les
voyelles.

3.2.3. Degré de labialisation

11 reflete globalement 1'ouverture la-
biale, c'est-3-dire 2 la fois l'espace vertical
inter-labial B et l'aire aux levres S. I peut
étre contrdlé par les mouvements du
maxillaire inférieur ou par ceux des
Iévres.

On peut rencontrer, selon les
langues, un méme degré de labialisation
pour plusieurs voyelles appartenant A une
méme série, par exemple en frangais pour
[u,0] ou [y, 8], ou au contraire des degrés
différents variant parallélement 2
I'abaissement de la langue, comme en
thai.

3.2.4. Stratégie de labialisation

Elle gere les degrés respectifs de

labialisation des différentes voyelles d'une
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méme catégorie en les rendant, par
exemple:
- dépendants de l'aperture intra-buccale de
la voyelle, et donc en général soumis 3
une variation graduelle, comme en sué-
dois, en finlandais [13] et en thai (Fig. 3).
- indépendants de la voyelle, qui adopte
alors un degré soit relativement constant:
voyelles frangaises [y,#,u,0] (Fig.1), soit
au contraire aléatoire: voyelles [i,e.e,a] du
frangais (Fig.1) ou [i,e,a] du cantonais
(Fig.4).
3.2.5. Catégorie labiale

Partant de 13, nous appelons caté-
gorie labiale un regroupement de voyelles
ou de réalisations vocaliques de méme
mode et de méme type gouvernées par
une méme stratégie, celle-ci indiquant
comment est géré le degré de labialisation
au sein de la catégorie. Une catégorie est
donc obtenue moyennant le respect d'un
ensemble de contraintes articulatoires et
bio-mécaniques, et de stratégies motrices.

Le nombre de catégories peut diffé-
rer pour deux langues méme si, pour des
séries apparemment identiques, celles-ci
comportent les mémes voyelles ou du
moins utilisent les mémes symboles voca-
liques. Par exemple, nous dirons que le
frangais poss¢de deux catégories, ou deux
degrés différents de labialité¢ pour les
voyelles labiales (moyennement et forte-
ment labialisées : [+lab] et [++lab]),
alors que l'anglais et le thai n'en possédent
qu'une (Fig.1,2,3). En revanche, le that
posseéde deux catégories de non labiali-
sées: des écartées et des écrasées, a
l'opposé du frangais, qui ne possede
qu'une catégorie d'écartées.
3.2.6. Enfin, a ces différentes caractéris-
tiques relevant directement de la langue
parlée, et donc de sa “base articulatoire”
labiale [17], s'ajoutent évidemment des
comportements individuels qui relévent
a la fois des habitudes articulatoires et
coarticulatoires de chacun.
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ABSTRACT

This investigation attempts to characterize
coarticulation resistance to speech rate for
simple [1] and double [11], through [i—a]
and [a—*i] vowel-to-vowel transitions, in
Moroccan Arabic. Results show that the
raising gesture for [i] has basically more
coarticulatory influence on the
consonantal gesture than the lowering
gesture for [a], a trend which is especially
cvident for geminates at normal rate.
These findings are discussed in the frame
of Speech motor control theories of
anticipation.

1. INTRODUCTION
Le but de ce travail est de tester la
résistance 2 la coarticulation mandibulaire
des consonnes [1] vs. [}, dans un
systéme phonologique spécifique : I’arabe
" marocain; et ceci selon le contexte
vocalique et face A la variation de la
vitesse d’élocution. Une attention
particulidre sera donnée au paradigme
expérimental de la  résistance
coarticulatoire, proposé par [5] pour une
variante de I’anglais britannique. Nous
unl;se:rons les concepts et les outils
statistiques li€s au contrdle moteur 7,
14‘1].. L’approche relative de la durée
(timing relatif) sera un moyen efficace
pour apprécier les changements qui
Interviennent lorsqu’on fait varier le débit
[6, 11]. Nous suivrons les principes
méthodologiques sur la recherche en
parole proposés par [2] qui se sont avérés
rentables pour la mise en évidence du
timing des oppositions phonologiques.

50

Enfin, nous essayerons de confronter nos
résultats, sur la coarticulation anticipante,
aux modeles look-ahead [9] et fime.
locked [3). L'articulateur choisi dans cetie
étude est la mandibule : en effet, celle-ci
joue un rdle important dans 1’organisation
temporelle, en régulant 1’ouverture et la
fermeture du tractus vocal.

2. METHODE
2.1.Corpus
Le corpus établi est tiré de la langue
marocaine de la région de Fes, ol le
contrdle de la quantité consonantique []]
vs. [1I] est phonologique. Cela nous
permet d’examiner la mani2re dont les
consonnes simple [l] et double [t
tégulent le timing d’une trajectoire
mandibulaire haut-bas dans une transition
[i-a] et bas-haut dans une transition
[aj' i]. Les oppositions choisies sont les
suivantes : [ala] “unité de mesure”, [alla)
“il a fait mijoter”, [ali] “il faisait frire”,
[5111.1] “fais mijoter!”, {ili] “médisance”,
[illi) lpgatomc, [ila] “si”, [illa] “sauf™.
Ces items, insérés, dans une phrase
porteuse assertive, ont €16 réalisés par une
locutrice marocaine de Fes. Chaque itema
€té répété 12 fois dans un ordre aléatoire.
La premitre série a été enregistrée en débit
normal (conversationnel); la seconde série
avec une exigence de débit rapide.
2.2.Mesures
Le signal acoustique, numérisé 4 8kHz, a
été étiqueté manuellement en événements
(1] & I'aide d’un éditeur de signal [4]. Les
signaux de déplacement vertical de la
mandibule ont été recueillis a 1’aide d’un
kinésiographe mandibulaire (KSAR) et
€chantillonnés A 160 Hz. Les événements
articulatoires ont été repérés sur les
signaux de vitesse et d’accélération. Ces
derniers ont été obtenus par dérivation du
signal de position lissé par des fonctions

splines cubiques.

Les événements acoustiques : VVO ou
début  du voisement  vocalique
(correspondant ici & la détente des [1]) et
VVT ou fin du voisement vocalique
(closion des [1]), nous fournissent la base
temporelle VVT-VVO (tenue des (1))
comme domaine d’étude de 1a gémination
consonantique et de la 7ésistance
coarticulatoire.

Sur le plan articulatoire nous avons repéré
les événements :

- ACC : défini comme 1’accélération
maximale du geste d’abaissement
mandibulaire pour la réalisation de la
voyelle subséquente [a].

- DEC : défini comme la décélération
maximale du geste d’élévation
mandibulaire pour réaliser les consonnes
[1] simple ou {l1] double.

Nous avons retenu, 3 partir de ces
événements articulatori-acoustiques, les
deux phases temporelles suivantes :

- L(gN (ACC-VVO) ou Lowering
Acceleration re : [a] Vowel Onset, qui va
du geste de I’accélération maximale de
I’abaissement mandibulaire a
I’établissement vocalique du [a)
subséquent. Exprimée en pourcentage de
la base VVT-VVO, elle nous donne le
degré de coarticulation ou de
(“pénétration”) du [a] dans les consonnes.
- RON (DEC-VVO) ou Raising
Deceleration re : [i] Vowel Onset, qui a
pour bornes, la décélération maximale du
geste de I'élévation mandibulaire pour (1]
simple ou {11] double et 1’établissement de
la structure formantique de la voyelle
suivante [i]. Exprimée en pourcentage de
VVT-VVO, elle nous donne le degré de
coarticulation ou (“pénétration”) du [i]
dans les consonnes.

Pour les réalisations [ili] et [illi] le degré
de coarticulation est & 100% (par défaut),
étant donné que le geste d’élévation
mandibulaire se réalise bien en amont de
notre base temporelle.

3. RESULTATS

3.1.0ppositions

L opposition entre [ala] et [alla] (fig. 1),
se fait en débit normal aussi bien par la
phase que par la base temporelle avec une
différence de 22% en moyenne pour la
phase LON et 83 ms en moyenne pour la
base (respectivement, t = 16.23
et t = 30.15, significatifs 3 p < 0,05;
méme scuil pour les suivants). Lorsqu’on
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augmente le débit, cette opposition de
phase et de base se maintient avec une
différence de 24% en moyenne pour la
phase et de 67 ms pour la base temporelle
(respectivement, t = 6.57 et t = 23.80).
Quand on oppose [ila] 2 [illa] (fig. 2) en
débit normal, on remarque une différence
sur la phase de 47% en moyenne
(t = 8.12). La différence, en moyenne de
82 ms, entre les deux bases temporelles
est, bien entendu, significative
(t = 20.59). En débit rapide, cette
opposition des classes phonétiques ne se
fait plus que sur la base temporelle, avec
une différence en moyenne de 55 ms
(t=21.80).
En débit normal, 'opposition entre les
classes [ali] et [alli] (fig. 3) se produit sur
la phase RON et sur la base temporelle : la
différence est, en moyenne, de 1’ordre de
29% sur la phase et de 82 ms sur la base
(respectivement, t = 6.51 et t = 18.75).
L'opposition n’est maintenue en débit
rapide que grice 2 la base temporelle,
avec une différence de 55 ms en moyenne
entre les deux classes (t = 17.89).
L’opposition entre les classes [ili] et [illi]
(fig. 4) se réalise seulement sur la base
temporelle. En débit normal, on constate
une différence de 70 ms en moyenne entre
les deux classes phonétiques (t = 17.73).
Cette différence est réduite en débit
rapide : elle n’est plus en moyenne que de
40% (t = 12.38).
Une tendance générale est que les classes
des géminées dérivent vers les simples
lorsque la tdche devient plus complexe
(voir fig. 1,2,3). Il est bien connu - dans
le cadre des transitions de phase ou du
paradigme de la Synergétique réactualisé
par [8] -, que les structures complexes
tendent vers des structures simples
lorsque la tiche devient plus difficile (ici
I’augmentation de la vitesse d’élocution).
C’est un processus de simplification,
démontré par les changements historiques
(CC-»C, CVC—CC, VCV-VV), que
nous avions pu déja — pour d’autres
géminées de 1’arabe marocain [13] -
mettre en évidence sur le plan acoustique.
3.2.Coarticulation
L'analyse des résultats nous montre qu’on
ne peut pas systématiser une seule
stratégie de coarticulation pour la
réalisation de l'opposition simple vs.
double face a la variation du débit.
Lorsqu’on oppose [ala] & [alla] (fig. 1) en
débit normal, on constate que les doubles



sont plus coarticulées que les simples
(= 50% vs. =30%), ce qui signifie que
[11] double est moins résistant en débit
normal. En débit rapide, la tendance reste
structurellement la méme (= 30% vs.
= 50%).

Pour I’opposition [ila] ~ [illa] (fig. 2),
nous constatons le phénomeéne inverse.
En débit normal, les simples sont plus
coarticulées, donc moins résistantes, que
les doubles (=60% vs. =20%). En débit
rapide, les deux classes ont des
pourcentages comparables de
coarticulation : elles se confondent a
environ 70%, ce qui est un taux assez
i t de coarticulation.

Mais I’examen des classes [ali] ~ [alli]
(fig. 3) nous révele, qu’en débit normal,
ce sont les doubles qui sont le plus
coarticulées (2 environ 65%). Ici, comme
pour les classes [ala] et [alla] (fig. 1), les
doubles sont moins résistantes a la
coarticulation en débit normal. Cependant
en débit rapide, le degré de coarticulation
est semblable pour simples et doubles,
avec un taux de résistance moindre
(=45% vs. =35%).

Enfin, on peut dire de maniére générale
que les classes [ili] et [illi] (fig. 4) sont de
loin les plus coarticulées, avec un
minimum de 100% de coarticulation (par
défaut, cf. supra).

D’apres ces données nous pouvons poser
que le [i] a intrinséquement une puissance
de “pénétration” plus élevée que le [a], ce
que révele particulierement le
comportement des géminées en débit
normal. Nous pensons donc, comme [10]
et [12], que la consonne [1] semble mieux
épouser la hauteur mandibulaire de la
voyelle [i], ce qui expliquerait son taux
€levé de coarticulation.

4. CONCLUSION

En conclusion, nous pouvons souligner
que le phénomene de résistance @ la
ooamadanon anticipante des [1] en arabe
marocain peut comporter aussi bien une
composante largement partagée par
d’autres langues qu’une autre plus ou
ncnins spécifique.

"est ainsi, en commengant par 1’aspect
spécificité, que ’on peut valider, d’une
part, le modele ftime-locked; mais
seulement en timing relatif, avec ceux de
nos résultats qui montrent une stabilité
des phases malgré la variation de la
vitesse d’élocution. C’est le cas pour la

classe [alla], ou 1’acceiération maximale
se produit a intervalle
proportionnellement fixe par rapport au
début acoustique de la voyelle suivante,
Mais d’autre part, nous pouvons évoquer
le comportement “orthodoxe” — par
rapport au modele look-ahead — de la
classe phonétique [illi] : elle n’invaliderait
pas un tel modele, car la coarticulation
anticipante est maximale, que la consonne
soit simple ou géminée.
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commentaires.
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ABSTRACT
Assimilation nasality patterns for French
and English vowels were studied as
subjects (15F;15E) spoke them in CVC,
NVN, NVC, and CVN contexts. Cor-
responding oral and nasal acoustical
signals were transduced by a Nasometer,
stored separately on FM tape, low-pass
filtered and digitized. The vowel portion
of each digitized signal was isolated,
converted to rms values, and the degree
of nasalance established by comparing
rms amplitudes of corresponding oral
and nasal data across the vowel's
duration. High vowels in both languages
exhibited a higher degree of assimilation
nasality than lower vowels, although for
a given vowel height, French exhibited
less assimilation nasality than English.

1. INTRODUCTION
The assimilation of nasality onto vowels
spoken in the context of nasal
consonants has been documented by
research using various methods
(agromcchanical, acoustical, biomech-
anical, perceptual). Furthermore, it has
been suggested that differences in degree
of assimilation nasality exist among
vowels as a function of tongue height,
The research reported here used
acoustical analog recording and digital
analysis techniques to quantify and
assimilation nasality patterns in
French and English as a function of
vowel height .

2. PROCEDURES

2.1. Subjects/Speech Sample
Subjects were 30 young adults, 15
native speakers of Standard French and
15 of Canadian English, with normal
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hearing, voice qualities and articulation
patterns. They read aloud words in
which English vowels /i, 1, ¢, a, u/ and
French A, ¢, a, u, y/ were embedded in
the contexts CVC, NVC, CVN and
NVN, where V= one of the target
vowels, C= a non-nasal obstruent and
N= /m/ or /n/. Each word was produced
as the terminal item in a carrier phrase,
€.2.,"A half keen"; or "Neuf guines."
2.2. Data Collection/Analysis
The oral and nasal acoustical signals
corresponding to subjects' productions
of the test words were transduced
separately by means of a Kay Elemetrics
Nasometer 6200. The Nasometer micro-
phone signals were recorded simul-
taneously on separate channels of an FM
tape recorder, low-pass filtered at 4.8
kHz and digitized at 10 kHz via CSpeech
[5]. The vowel portion of the oral and
nasal component of each digitized signal
was isolated, converted to an rms value,
and the degree of nasalance computed by
comparing rms amplitudes of cor-
responding oral and nasal data across the
duration of the vowel in 5 ms steps,
according to the formula: % nasalance =
nasal rms/(nasal + oral rms) x 100. Data

.analysis focussed on three dependent

measures: 1) degree of nasal resonance,
using 0.5, or 50% nasalance as an
arbitrary threshold, 2) percentage (%) of
the vowel with nasalance values above
0.5, and 3) absolute duration (msec) of
the vowel with nasalance above 0.5.

3. RESULTS

3.1. CVC data, French & English
Figure 1 depicts the percentage of CVC
cases without significant nasalance (i.c.,
<0.5). In the majority of cases,

nasalance levels did not exceed the
arbitrary threshold of 0.5, although the
number of cases in which this was true
was smaller for /i/ in both languagcs.
3.2. NVN data, French nglish
Figure 2a graphs the percentage of NVN
cases where nasalance was above the
criterion of 0.5 at both ends of the vowel
(including cases where it dipped below
0.5 in the middle). Figure 2b displays
only those cases where the entire
duration of the vowel exhibited nasa-
lance levels above 0.5. Both languages
show a noticeable difference between /i/
and /a/, with /i/ exhibiting a higher
sustained nasalance level throughout the
vowel's duration. In French, more
clearly than in English, /u/ occupies an
intermediate position between /i/ and /a/
with respect to this phenomenon.

3.3. NVC data, French & English
Figures 3a and b illustrate the patterns of
carry-over nasalization in the NVC

context for /i, u, € and &/ in French and
English. A larger percentage of the
vowel exhibits the carry-over effects of
the preceding nasal consonant when the
vowel is high than when it is low, and
the percentage of the vowel exhibiting
the nasal consonant's influence is
roughly the same in French and in
English (3a). The absolute durations of
the nasalized portions are shorter,
however, in French (3b).

3.4. CVN data, French & English
Figures 4a & b illustrate the percentages
and absolute durations of the French and
English target vowels that are nasalized
in anticipation of the final nasal in the
CVN context. High vowels /i/ and /u/
tend to exhibit anticipatory nasalance
levels greater than 0.5 across a larger
percentage of their durations compared
to mid or low vowels in both languages,
though French always reveals less
anticipatory nasalization than English for
the vowels considered.

3.5. NVC data, English

Figures 5a & b compare carry-over nasa-
lization patterns among English vowels
fi,u,1, ¢, a/. The carry-over effects of
the initial nasal consonant influence a
larger portion of the high vowels than of
the others, and the effect is consistent
whether one considers the percentage of
vowel nasalized (5a), or the absolute
duration of the nasalized segment (5b).
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3.6. CVN data, English

Figures 6a & b compare anticipato!
nasalization patterns among the Englis
vowels. As in the NVC context, the high
vowels exhibit more influence of the
nasal consonant than the other vowels. A
comparison of the proportional carry-
over and antici data for the English
vowels (5a & 6a) reveals that, except in
the case of /i/ where the proportions of
the vowel nasalized are comparable in
both the NVC and CVN contexts, for the
other vowels the amount of nasalization
is greater in the anticipatory situation.
3.7. NVC data, French

Figures 7a & b compare carry-over
nasalization patterns among French

vowels /i, y, u, ¢, a/. The patterns for
these vowels are similar to those for
English with respect to vowel height:
The initial nasal consonant influences a
larger portion of the high vowels than of
the others, and the effect is consistent for
the percentage of the vowel nasalized
(7a) and the absolute duration of the
nasalized segment (7b).

3.8. CVYN data, French

Figures 8a & b compare anticipatory
nasalization patterns among the French
vowels. As in the NVC context, the high
vowels exhibit more influence of the
nasal consonant than the other vowels.
When the French carry-over and anti-
cipatory patterns for percentage of the
vowel nasalized are compared (7a & 8a),
the low vowels exhibit about the same
amounts of carry-over and anticipatory
nasalization. The high vowels, on the
other hand, exhibit more carry-over than
anticipatory nasalization effects.

4. SUMMARY/DISCUSSION

4.1. For these 30 subjects in the
contexts examined, French always
exhibited less assimilation nasality than
English. This was true for all vowels
considered and for the NVC and CVN
contexts. These results support the
validity of Delattre's pedogogical recom-
mendation to English speakers of French
that they prevent premature anticipation
of the nasal consonant in the CVN
context in order not to nasalize the vowel
[3]. These data do not, however, sup-
port Delattre's assertion that French
vowels followed by a nasal consonant
remain oral throughout their duration.



4.2. The degree of vowel nasalization
in a nasal consonant context varied with
the height of the vowel. High vowels
exhibited more assimilation nasality than
low vowels. This correlation is ve

systematic in the French vowel data; 1t
also applies to the English vowel data,
although less systematically. The
apparent contradiction between these
results and those of Clumeck [1] may be
related to his use of the term "nasalized”
to describe articulatory gestures of the
velum, and the fact that the biomech-
anical behavior of the velopharynx
cannot be assumed to be monotonically
related either to the perception of nasal
resonance or to the acoustical conse-
quences of nasal coupling during speech
production. The perception or measure-
ment of nasal resonance is ultimately a
function of the relative acoustical
impedances of the oral and nasal cavi-
ties, as well as the formant frequency
values of the vowel in question. The
spectral envelopes of /i/ and /u/ are

markedly affected by small nasal coup--

ling, whereas vowels with a more open
tract configuration are much less affected
by small degrees of coupling [2]. This is
consistent with listeners' judgements that
the amount of nasal coupling necessary
for the perceptual identification of nasa-

lization was almost three times as much

for low vowels as for high ones [4].

5. CONCLUSIONS

5.1. The difference in the degree of
nasalance between French and English
may be related to the fact that English
does not have phonemic nasal vowels
and therefore can "tolerate” higher levels
of assimilation nasality.

$5.2. The higher levels and longer dura-
tions of assimilation nasality observed
for the high vowels in both French and
English are related to the acoustical
impedance of the vocal tract for the
production of these vowels. There is no
obvious articulatory or physiological
reason for the carlier lowering of the
velum observed by Clumeck [1] for low
vowels in the CVN context. It may
simply be that such lowering does not
have an undesirable acoustical effect,
and does not lead to excessive percep-
tible nasalization of these vowels. Later
lowering of the velum for high vowels,
however, may ensure that their spectral
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envelopes are not too drastically affecteq
by extraneous nasal resonance.,

5.3. Further research on assimilation
nasality is recommended by means of
simultancous multidimensional sampling
methods that could consider biomech-
anical, perceptual and acoustical pars.
meters of vowel production without
losing sight of the phonemic charac-
teristics of the languages sampled. .
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FRICATIVE CONSONANTS AND THEIR ARTICULATORY
TRAJECTORIES

Celia Scully’, Esther Georges®, Eric Castelli’
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ICP,INPG, Grenoble, France

ABSTRACT
Articulatory paths relevant to the
production of some fricatives are
related to the changing acoustic
patterns as seen on spectrograms.
Two techniques are used:
aerodynamically derived area (A)
traces and electropalatography (EPG)
contacts. [pVCV] sequences are
analysed.

1. INTRODUCTION

Better descriptions are needed for the
production of fricative consonants:
Fricatives in speech-like sequences
are characterised not only by their
quasi-static spectra but also by
rapidly changing acoustic patterns.
The latter seem to be essential for
the identification of /f/ versus /e/
and /v/ versus /0/ [2), [3].
Phonemically, fricative consonants
and adjacent vowels are considered
as separate entities but in the
processes of speech production
there is no clear boundary between
them. Between segments clearly
associated with either consonants or
vowels there are regions of rapid
change: in these, there are changing
combinations of the acoustic sources
- voice, aspiration noise (generated
just above the glottis) and frication
noise (generated downstream from a
vocal tract constriction) - as well as
rapidly changing formant frequencies.
Inter-articular coordination and the

form of transitions for individual
articulators are both important in
determining how sources and filters
covary across this boundary region.
The study reported here is an
exemplification of part of a larger
study (Grenoble, Southampton,
Leeds), based on multiple analyses
for two speakers. A studio recording
made by the speaker provides
cueing, so as to match the speaking
style and rate across data gathered
on different occasions and in different
laboratories. Articulatory paths in the
natural speech are to be copied in
models of speech production [4], [1],
[6]. Analysis-by-synthesis will be used
to obtain good aerodynamic and
acoustic matches between the natural
and the simulated speech. The aim is
to characterise, as general rules, the
production and acoustics of the
speakers’ fricatives.

2. APPROACH OF THE STUDY
This paper focusses on [s]
produced in phonetically controlled
[V-V] contexts by’ one of the
speakers, a woman speaker of
General American English.
Sequences such as [pi'sipi'sipib i...]
produced on a single expiratory
breath allowed subglottal pressure
(PSG) to be estimated.

Two techniques for the estimation of
vocal tract articulation relevant to the
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production of alveolar fricatives are
included here. First, aerodynamic
parameters are used to give an Area
(A) tracs, indicating the cross-section
area of the alveolar constriction of the
vocal tract; secondly,
electropalatography (EPG) is used to
show the regions of contact between
the tongue and the hard palate.
Articulatory paths estimated by each
method in turn are time matched to
spectrograms from simultaneously
made recordings. In this way, part of
the detailed articulatory-to-acoustic
mapping is studied. An additional aim
is to demonstrate that the two
methods are consistent and
complementary.

3. AREA (A) TRACE
3.1. Method
This is a parameter for one of the two
major constrictions of the respiratory
tract, the other one being the glottal
area. Volume flowrate of air through
the mouth, U (in cm®/s) and oral air
pressure, P (n cmH,0) are
combined, using the orifice equation
with an empirical constant k=0.00076
to give:
A = k.U/P%® ‘
The methods have been described
elsewhere [5), [7]. The A trace is not
the true value of the minimum cross-
section area for the alveolar ridge
portion of the vocal tract, and may be
oxpected to depend on the taper
angle into and out of the constriction
and its length. Tota! airflow through
nose as well as mouth is recorded,
But checks showed that all the airflow
was through the mouth for the
lequences analysed. Oral air
e is taken as pressure drop
cross the constriction but actually
includes any pressure drop across
e teeth and lips also. The method
.the. advantage that it links
iculation and aerodynamics in a

way that is internally consistent and
consistent with the descriptive
framework of one of the composite
models [7] in which it is to be used.

3.2. Resuits

Figure 1 shows an example of the
aerodynamic traces, with some of the
simuftaneously cbtained acoustic
traces.

- ==

100,
ms

7B
—Y

i ‘s i
Figure 1. Articulatory, aerodynamic
and acoustic traces as functions of
time, for the third in a series of
[(P)’si(p)]. from top to bottom: Area
A, with a line at 0.2 cm% LL. H.P.
fitered at 3.9 kHz, L.L. H.P. filtered at
500 Hz; Oral (total) volume flowrate of
air U; oral air pressure P.

An auditory check confirmed that this
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was an acceptable example of [i'si].
Figure 2 shows the relationship
between the articulatory trace and the
acoustics.

Figure 2. Area (A) trace from Figure

1, inverted, combined with
spectrogram (frequency versus time)
pattern features of the identical
utterance. Time scales are matched
with voice offset and onset aligned.

It may be seen that the 0.2 cm?
threshold for the A trace goes
beyond the domain of frication noise
to include the boundary regions. The
inverted form of the A trace may
match the changing spectral pattern
for the frication noise, but the
evidence is not conclusive.

The peaks of airflow seen in Figure
1 and shown by the dotted lines in
Figure 2 almost coincide with voice
offset and voice onset shown by the
dashed lines. The airflow peaks are
located at the boundary region,

between the frication noise segment
and the vocoid, where the acoustic
sources including voice ang
aspiration noise are changing rapidly,

4. EPG DATA

4.1. Method :

EPG data for the fricatives in the
same [..pV’-Vp..] context are
analysed as follows: the number of
contacts is determined for: the first,
second and third lines of contact
(front, shown by a solid line) and the
fourth to the eighth line (back, shown
by a dotted line). The results are
plotted on a grid which shows time vs
number of contacts. The two resulting
traces represent changes in the
amount of contact between tongue
and palate for the front and the back
of the mouth; transitions from and to
vowels are investigated.

4.2 Results
Figure 3 shows the relationship
between the articulatory traces and
the acoustics for a representative
example of [i'si].

A threshold (indicated by the arrow
in Figure 3) was chosen to define the
quasi-static segment observed for all
of the fricatives analysed so far. It
was found that this threshold
corresponds rather closely with the
frication noise segment. The match is
excellent in this example.

The contact for the back portion of
the tongue, however, decreases
during the frication noise segment.
This may perhaps indicate a lowering
of the tongue dorsum similar to that
observed by Wood [8] on X-ray
traces. As Wood suggests, this may
enhance the acoustic separation of
front and back cavities. Referring
back to the noticeable change in
spectrum during this portion of a
different production of the same
fricative, seen in Figure 2, this
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explanation seems a plausible one.
The speaker appears to be tuning the
front cavity resonance.

Figure 3. EPG contact traces
combined with spectrogram pattern
features (solid line for front contacts,
dotted line for back contacts).

5.CONCLUSION

The area trace seems to define a
wider domain than does the front
contact shown by the EPG data. The
area trace may reflect changes in the
overall tongue configuration such as
that discussed above, and possibly
mouth outlet shape also. This
interpretation of the two kinds of
articulatory data will be tried out in
the modelling.
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BREATHINESS IN MALE AND FEMALE SPEAKERS

D. Giinzburger

Institute of Phonetics, Utrecht, the Netherlands

ABSTRACT

The present study provides data on
degree of breathiness produced by
Dutch male and female speakers in
a neutral and an emotive context.
The acoustically defined parameter
DH indicates significant differences
between male and female speakers
in both contexts. There 1is- an
increase in breathiness for either
population from neutral to emotive
context. Analysis of average F0 and
average intensity levels show
decreased values for both male and
female speakers in the emotive
condition as opposed to the neutral
condition,

1. INTRODUCTION

Breathiness can be defined in
various domains. In articulatory
terms breathy phonation arises from
an incomplete adduction of the
vibrating vocal folds and can lead
to an increase of the average
airflow of up to 60% in comparison
to non-breathy (vowel) production.
Extreme breathiness can be
indicative of pathological speech
and function as a perceptual marker
of various laryngeal disorders. On a
less extreme note breathiness can
impair the general perceptibility
and understandibility of speech and
convey the impression of increased

monotony, Various acoustic
correlates can account for
breathiness IILI3L. Due to the

incomplete vocal fold closure during
phonation of a breathy vowel there

Is considerable leakage of air
through the glottis which causes
interspersed noise at higher
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frequencies of the acoustic
spectrum. Presumably in connection
with a slackening of the folds a
slight lowering of FO has been
observed for breathy vowels ang,
probably most notable, there is a
fairly consistent increase of the
amplitude of the first harmonic in
relation to the second as opposed
to an opposite amplitude
relationship between the first two
harmonics  of a  non-breathily
phonated vowel, see Fig.l.
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Fig.1: Spectra of non breathy vowel
(top) and breathy vowel (bottom)
Figure from Bickley (1982).

Since our investigation of
breathiness of male and female
speakers partly follows the one by
Henton and Bladon I2I, we take the
amplitude relationship between the
two lowest harmonics as an
operational means to define
breathiness: H1 - H2 or DH (delta
H). In addition, this acoustic cue
seems to correlate fairly well with
listeners' judgements about the
breathiness of perceived vowels.

2. OCCURRENCE OF BREATHI-

NESS AND EXPERIMENTAL
OUTLINE

In numerous languages
breathiness is used to form

phonemic contrasts (for references
see 12I). These languages, however,
are not our present area of
interest, nor is breathiness as a
marker of pathological speech.
Evidence has been adduced (ibid)
that female speakers of two British
accents consistently used a more
breathy voice quality than men in
ordinary speech. Although
breathiness may be considered an
inefficient way of voice production
with a number of communicative
limitations, the claim has been put

forward that, consciously or
unconsciously, women use
breathiness as a means of
communicating arousal, intimacy,
or, in other words, to sound more
"sexy".

Our present experiment was
set up to a) compare Dutch
breathiness data of male and
female speakers in an ordinary

speaking mode those of English and
b) to investigate whether in an
emotive context there would be an
increase in breathiness by either
speaker sex,

As corollary variables to DH,
average FO and average intensity of
the vowels under investigation will
be considered as well,

3. EXPERIMENTAL PROCEDURE

13 male and 13 female
speakers participated in the
experiment. Their ages varied
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between 19 and 38 years. They
belonged - either as staff or
students - to the University of

Utrecht and were speakers of the
Dutch equivalent of RP.

The vowel to be analysed
was decided to be an /a/ since this
open vowel's first formant is high
enough to be of no influence on the
first harmonic, Monosyllabic words
containing the vowel /a/ were
embedded in unpretentious sentences
which, on their part, were combined
to form an unpretentious piece of
running  prose. Due to their
monosyllabicity all stimulus words
carried lexical stress. In addition a
semantically intimate passage
containing numerous = /a/'s was
selected from a sultry-romantic
piece of fiction in order to
simulate an emotive context.

Speakers were instructed to
read the first text in an ordinary
and the second text in a sexually
charged way,

Recordings were made
individually in a sound-proof room
using a Revox B77 mkll tape
recorder and a Sennheiser
microphone. A mouth-to-microphone
distance of 30 cm was used. The
input volume control was held
constant and subjects were given
some practice time,

Data were further processed
digitally, Per reading mode and
subject 12 35 ms steady state
portions of the /a/ vowels were
excised and relative amplitudes of
the first two harmonics, and FO and
amplitude of the steady states were
established.

4. RESULTS
4.1. RELATIVE AMPLITUDE OF
HARMONICS

Table I shows the average
values and corresponding SD's of
DH produced by male and female
speakers in the two reading modes.
A negative DH value indicates that
the amplitude of the first harmonic
is lower than that of the second
harmonic and v.v. According to
Bickley (1982) a negative DH value
is the consequence of breathy
phonation.



Figure 2 represents  per
speaker the DH values in the
ordinary and the emotive reading
mode.

From table I and figure 2 it
can easily be seen that female DH
values are higher than male values
and that DH values of both sexes
are higher in the emotive context
than in the ordinary context.
Statistical  analysis shows the
between-sexes difference to be
significant in either reading mode
(p<.05 and p<.0l resp.) and the
between-reading mode difference to

be not more than a strong
tendency. Moreover it was shown
that there is no significant

difference in breathiness betweep
the female-ordinary condition and
the male-emotive condition which
means that female speakers used
the same degree of breathiness in
reading the ordinary text as did
male speakers |In reading the
emotive text.
4.2, FUNDAMENTAL FREQUENCY
Results of the FO analysis of
the measured /a/ steady states are

shown in table IL.
As can be seen there is a decrease

in fundamental frequency for the
emotive reading text for either sex;
differences, however, do not reach
the level of significance.

Interindividually, however, a
significant positive correlation
exists between F0 and DH.

female speakers (n=13)

Table I: Average DH in dB for ordinary and emotive reading mode.

male speakers (n=13)

ordinary emotive ordinary emotive
X +3.9 +5.4 -0.6 +1.1
SD 5.2 4.6 3.0 2.6
0
;i
g !
2 3
B |

Flgu{'e 2: DH in dB for ordinary reading mode (light bars) and emotive
reading mode (dark bars) for female speakers (abgve) and male speakers

(bottom).
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female speakers (n=13)

Table II: FO in Hz for ordinary and emotive reading mode

male speakers (n=13)

ordinary emotive ordinary emotive

b'e 213 204 131 122

SD 25 25 20 18
4.3. AMPLITUDE DH in the afore-mentioned
For either sex there is a experiment the only acoustic
slight decrease of amplitude values  correlate considered to indicate
for the emotive context in  preathiness, whereas other
comparison  with  the ordinary parameters probably deserve
context (female: 2.9 dB; male: 1.9 consideration as well, but

dB). Differences are insignificant.

5. DISCUSSION AND CONCLUSION
Female  speakers produce
significantly more breathiness in
comparison with male speakers in
the ordinary reading mode as well
as in the emotive reading mode.
The degree of breathiness produced
by female speakers in the ordinary
context turns out to be even
equivalent to that of male speakers
in the emotive context. We found a
decrease of both FO values and
amplitude values for the emotive
context for male as well as female
speakers, but these differences fail
to reach the level of significance.

As stated in our introductory
section, a breathy spectrum
contributes to perceptual
limitations. Why, Henton and Bladon
121 ask themselves, should women
adopt articulatory postures that
render their own speech less
efficient in communicative terms?
The answer to this question lies,
according to these authors, in the
ethological-sociolinguistic domain:
".Iwomenl imitate the voice
quality associated with arousal, ...A
breathy woman can be regarded as
using her paralinguistic tools to
maximize the chances of her
achieving her goals, linguistic or
otherwise"

With all due respect we
would  like to regard this
explanation with some caution. First
of all perceptibility of speech is
affected only in extreme cases of
breathiness. Secondly, not only was
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breathiness in its turn is certainly
not the only characteristic of a
"sexy" voice,

As to voice source
characteristics, 1t is generally
assumed that female speakers have
a greater open quotient which
implies that they produce more
breathiness for physiological
reasons.

In  connection with our
tentative FO - DH correlation data
we suggest that more research
should be addressed to the question
of whether a systematic relationship
can be found between pitch and
breathy phonation on  an
interindividual level.
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ARTICULATORY GENERALIZATIONS IN ACOUSTIC PHONETIC
RESEARCH: A COMPARISON OF DATA FROM FRENCH AND
ENGLISH

Sarah N. Dart

Department of Linguistics, UCLA, Los Angeles, U.S.A.

ABSTRACT
Simultaneous articulatory and acoustic
data were recorded for 21 French
speakers and 20 English speakers uttering
phrases containing the coronal consonants
/t,d,nl,s,z/. It was found that, in both
languages, individual variation in
articulation of these consonants makes it
difficult to make precise language-specific
generalizations in terms of both place of
articulation and apicality. The formant
patterns in the acoustic signal, however,
are much more homogeneous and suggest
that the difference in consonant
production in these two languages lies
more in the general shape of the tongue
body behind the constriction than in the
placement of the constriction itself.

1. INTRODUCTION

The coronal consonants of French and
English have been claimed to be
articulated differently in terms of place of
articulation and apicality. For example,
French coronal stops are regularly
described as dental, either with the tip of
the tongue .on the upper incisors (apical),
or with the tip down behind the lower
incisors and the blade making contact
(laminal). English coronals, on the other
hand are usually said to have an apical
alveolar constriction. Such information
forms the basis not only of foreign
language pronunciation instruction, but
also of acoustic phonetic analysis, where
data from acoustic recordings of speakers
of the same language are assumed to
originate from a homogeneous set of
articulations. The present study seeks to
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discover to what extent the articulation of
an individual can be predicted by language
community affiliation. Is the precise point
of articulation as given on a traditional
consonant chart really crucial to the
pronunciation of a given language or are
there other factors which are more
important?

The articulatory data presented here
is in the form of palatograms and
linguagrams taken by the direct method to
ascertain the point of contact on the upper
surface of the vocal tract, as well as the
part of the tongue used to make the
constriction. Audio recordings were also
made synchronous with the palatograms
and linguagrams, in order to be certain
that each given acoustic signal
corresponded to an articulation with
known articulatory characteristics. Data
from 21 French speakers (northern
standard pronunciation) and 20 English
speakers (west coast American) were
recorded of the consonants /t,d,n,1,5,2/ in
both word-initial and word-final position,
in the environment of a low vowel ([2]
in English, [a] in French).

2. ARTICULATORY DATA

Place of articulation was determined from
the palatograms in the manner described
in detail in Dart [2], briefly as follows: if
the vertical surface of the back of the
upper central incisors was contacted,
cither completely or partially, the
articulation was called dental; alveolar
articulations were those where the most
forward part of the contact was in an area
extending from the base of the teeth 10
approximately 5 mm back; and

articulations made behind this area were
called postalveolar. The linguagraphic
categories into which the data were sorted
are apical, where only the tip and rim of
the tongue were contacted; laminal, where
only the blade made contact; and
apicolaminal, where both the tip and blade
were contacted. The fricatives were
classified as either apical or laminal,
depending upon whether the tip or only
the blade was contacted. Table 1 below
gives the results of the articulatory study.

Table 1. Percent of the total number of tokens

tokens which are not dental. Clearly, a
number of French speakers articulate
farther back than was previously
supposed.

The point of view of the sources
consulted on fricative articulation was
more open to variation, with both dental
and alveolar articulations mentioned
(although only one source allowed for
both possibilities). Most sources,
however, stated quite firmly that French
/s/ and /z/ were laminal. Itis clear from

for each place of articulation and apicality

classification. A= apical, L=laminal, AL=apicolaminal.

French
/t.d,n/ Is.z/ N
dental 6.3112.7 |39.7 15.8126.3 24 | - | 24
alveolar (135/16.7|11.1 7.9]130.3 69 | 24| -
post- 7.9/11.8 238~ |~
alveolar
A L AL A L A L AL
English
t,d,n/ Is.z/ n
dental 6.7] 67]42 20 | 25 34.2] 2.6 {13.2
alveolar [596| 5 [12.6 22.5131.2 31.6] — |15.8
post- S e | - - 1238 26 | — | -
alveolar
A L AL A L A L AL

It is clear from the table that the
greatest number of French speakers
produced an apicolaminal dental
articulation for /t,d,n/. This accords with
the claims in the literature that these
segments are apical dental, it being
difficult for a speaker with normal
dentition to produce a purely apical dental,
without the blade of the tongue also
contacting the alveolar ridge. Some
authors have also claimed tip-down
laminal dental articulation for these
segments and 12.7% of the data support
this. There remain, however, 41% of the
data left unaccounted for, that is all those

the table that, although the majority of
tokens were indeed laminal, still nearly a
third were apical, and thus not accounted
for by the descriptions.

In English, 59.6% of the data for
/t.d,n/ are, indeed, apical alveolar as
predicted. 11.7% of the tokens are also
apical, but either dental or postalveolar,
and 17.6% are also alveolar, but use a
different part of the tongue. A total of
17.6% of the tokens are dental and 28.5%
are either laminal or apicolaminal.

The fricatives /s/ and /z/ , usually
said to be either apical or laminal alveolar
in English, were indeed divided between
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these two ways of articulating, the laminal
predominating with over half (57.5%) of
the tokens. Again, most of the tokens
were alveolar or postalveolar (77.5%).

As it turns out, the English laterals
are far more likely to be dental than their
French counterparts, going against the
neat organization of the consonant charts,
which usually put /t,d,n,1,s,z/ in the same
column. Exactly half of the /l/ tokens
were dental in the English data (as
compared to 4.8% of French tokens), in
spite of the’general acceptance in the
literature that such English segments
should be alveolar, just as the French are
assumed to be dental. Even the apical
articulation of the lateral, which was
nearly universal for the French speakers
(95%) was less strong in English (68%),
the quintessential "apical" language. It
seems, then, that /I/ need not necessarily
share the articulatory characteristics of the
other coronal consonants in any given
language.

The articulatory data thus shows that,
although the articulation of these
consonants may be predicted in a general
way for the majority of speakers, the
variation is such that one cannot assume
an articulation to be of a certain type only
on the basis of the native language of the

speaker.

3. ACOUSTIC DATA
Formant transition frequencies were
measured from wide band spectrograms
for all tokens: for the word-initial tokens
immediately after the closure, and for
word-final tokens immediately before the
closure. To normalize for absolute
frequency differences between speakers,
the difference was calculated between the
transition formant values and the average
steady-state formant values of the adjacent
vowel. The resulting number was used
for comparison rather than the raw
formant frequencies. The formant values
of the steady-state vowel were comparable
between the two languages except for the
value of the second formant, which was
higher in English.

Two general differences between
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French and English articulation were
noted: the value of the F1 transition ip
French was always lower in relation to the
steady-state vowel than the corresponding
English value for all the coronal
consonants, no matter what method of
articulation was used. Similarly, the
transition value of F4 was always higher
in French than in English. These
differences suggest different tongue
shapes behind the constriction in the two
languages. A lower F1 could indicate a
wider pharyngeal cavity and a higher F4a
smaller sublingual cavity in front for
French. In addition to these general
characteristics, a specific tongue shape
difference between apical alveolar
articulations in the two languages was
inferred from the formant data,
particularly in fricatives. French apical
alveolar fricatives have lower transitional
F1 values and higher transitional F2
values than do apical dental fricatives,
whereas the reverse is true for English.
Similarly, French apical consonants have
higher F2 values than laminals, whereas
in English F2 is higher in laminals.

One interpretation of these facts
would be to posit a differently shaped
tongue behind the constriction in the
apical and alveolar articulations in the two
languages. The F1 and F2 evidence
suggests that the body of the tongue in
French is high and forward during thes¢
consonants, thereby diminishing the area
of the cavity directly behind the
constriction and enlarging the pharyngea
cavity. The English apicals, on the other
hand, would come up to the constriction
from a lower and more posterior position
in the mouth, thus creating a larger cavity
behind the constriction and a mor¢
constricted pharynx. Both kinds of apical
alveolar articulations can be seen in the x-
ray literature, as exemplified by the two
tracings in Figure 1. The tracing on t
top is of French /s/ (after Bothorel et
[1]) and resembles an apical alveolar
tongue position like that posited for the
French speakers, and the tracing on the
bottom is of English /s/ (after Subtelny ¢!
al. [3]), and has a descending tongu¢

shape as posited for the English speakers
in the present study.

French

~—

English

Figure 1. X-ray tracings of French (after
Bothorel et al [1]) and English (after
Subtelny et al [3]) showing two different
tongue shapes in apical alveolar /s/.

In order to explore the possibility of
such an articulatory difference as that
suggested by the acoustic data, additional
articulatory measurements were taken
from the palatographic data in conjunction
with palate casts from each speaker. It
was presumed that a higher tongue
position would show up on the
palatograms as a wider contact area
behind the constriction and, indeed, such
a difference seemed to be evident from the
palatograms. Accordingly, the contact
area from each articulation was measured
inwards from the base of the first molar
and this measurement given as the ratio of
the contact area on one side to half of the
total distance following the curve of the
palate from first molar to first molar.
These measurements-were shown to be

significanuy larger in French by one
factor, repeated measures analyses of
variance for all apical and alveolar stops,
nasals and fricatives.

4. CONCLUSION

With the abovementioned facts taken
together, there appear to be language-
specific characteristics affecting the
formant values, which are associated with
vocal tract shapes that are not fully
specified by simply characterizing the
segments in terms of the articulatory
contact involved. The difference between
French and English coronal consonant
production, rather than being one of place
of articulation and apicality, would seem
to be better described as a difference in the
overall shape given to the tongue body in
the two languages.
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ABSTRACT
Compensatory tongue positioning in
vowel production was examined in two
conditions of lower-than-normal jaw
positions (bite-block speech and loud
speech), and compared to a "normal”
speech condition. Tongue-palate dis-
tances in multiple productions of the
German vowels /i, I, u, U, y, Y/ were
measured using flossometry. The
tongue compensated for the lower jaw
positions in both perturbation condi-
tions. Jaw lowering in bite-block and
in loud speech did not much affect the
degree of precision in tongue
positioning.

1. INTRODUCTION

Comparisons of normal and perturbed
speech may help understand impor-
tant aspects of speech motor control.
Over the past twenty years, a research
paradigm has become established
which addresses issues such as invari-
ance in the control of speech gestures,
adaptive abilities of the speech motor
s}){ls_tem, and the role of feedback
through experiments in which normal
production patterns are disrupted. By
€xamining the behavior o? unper-
turbed articulators, the acoustic out-
put, and/or the intelligibility of per-
turbed speech, studies employing this
paradigm have aimed at determining
If, how,' and how successfully talkers
Teorganize articulatory gestures.
:Probably the majority of perturbation
’sj(udles examined the acoustic proper-
'ties of vowels produced with and with-
’o_ut the mandible being fixed in posi-
tions that required tall%ers to reorga-
nize tongue gestures in order to pro-
duce intended vowel qualities. These
studies have generally shown that
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adults [7, SLand children [2] compen-
sate remarkably well for a fixed jaw
even before auditory feedback can oc-
cur. The small number of articulatory
studies that examined tongue shapes
for bite-block vowels [4, g’u 11] indi-
cate that intended acoustic output in
bite-block speech is achieved through
selective  compensation, i.e, by
preserving "cavity configuration(s) at
points of maximum constriction” (6].
Although previous research on bite-
block vowels has contributed impor-
tantly to the construction and refine-
ment of models of speech motor con-
trol, this line of research has not
made it clear whether talkers aim to
achieve invariance in the acoustic,

rceptual, or articulatory domain.
e recently renewed interest in
speech produced with loud vocal
effort {9, 10] is to some extent moti-
vated by a desire to determine the
nature of talkers’ "goals" or "targets",

Loud speech is similar to bite-block

speech in that the jaw assumes lower-

than-normal positions which, how-
ever, are not artificially induced but

.natural”, In the only detailed study of

‘;amculatory consequences of loud

'speech, Sphulman [9] found that the

upper lip compensates for the

lowered " jaw in  bilabial stop

Pproduction, demonstrating that motor

equivalence for bilabial closure

curs in both the "natural bite block
ondition" [9] and its artificial
unterpart [1].

However, the acoustic properties of
owels produced with loud vocal
ffort, which have been examined ina
umber of studies (summarized in
10]), suggest that the analogy

tween loud and bite-block speech

does not extend to vowel production,

for the frequencies of F1 and Fo (but
not usually the upper formants) are

much higher in loud than in normal
speech. The increase in F1 for shouted

vowels led Traunmiiller [10] to hypo-
thesize that the tongue does not
compensate for lower jaw positions in

loud speech. )

The present study, which compared
tongue-palate distances for normal,

bite-block, and loud vowels, was pri-
marily motivated by the fact that only
very few studies have presented direct
evidence (as opposed to inferences
from the acoustic output) concerning

compensatory tongue positioning in
bite-block vowels [4, 6, 11], and by the
complete lack of published data on
tongue shapes in loud vowels. Bite-
block and loud vowels were compared
to normal vowels to determine if and
how the tongue would compensate for
an artificially and a naturally lowered
jaw. This study also examined vari-
ability in tongue positioning for
normal, bite-block, and loud vowels.
Because most earlier studies [6, 11]
used x-ray techniques, which preclude
detailed analyses of token-to-token
variability, very little evidence exists
concerning this aspect of motor
control precision for the tongue in
perturbed speech (but see [4]).

2. METHODS

2.1 Subject, Material, Procedure

A male native speaker of German
(age: 35 years) produced 12 tokens
each of the German vowels /i, I, u, U,
y, Y/ in the carrier phrase ob er
(bVp/ habe (blocked on vowel). The
vowels were produced in three condi-
tions. In the normal (NO) condition
jaw movement was unperturbed and
vocal effort was conversational (64 dB
SPL). In the bite-block (BB)
condition the talker’s jaw was fixed in
a lower-than-normal position for non-
low vowels. An acrylic bite block, held
between  the ‘right premolars,
provided an interincisal distance of 21
mm. In the loud (LO) condition the
talker produced the vowels with loud
vocal effort (84 dB SPL).
Tongue-palate distances were mea-
sured using glossometry. This opto-
electronic device for measuring and
displaying tongue positions below the
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hard palate has been described previ-
ously (see [5] and references therein).
Briefly, the glossometer makes use of
four sensor assemblies mounted on a
thin acrylic pseudopalate. Each
assembly contains an LED and a
phototransistor. The assemblies are
positioned equidistantly along the
palatal vault and are oriented perpen-
dicularly to the occlusal plane. Sensor

1 is located just posterior of the
alveolar ridge, and sensor 4 just
anterior of the juncture of the hard
and soft palates. Infrared light
emitted from the LED is reflected
from the tongue’s surface, detected by
the phototransistor and transduced to
a voltage level. The detected voltage
is approximately proportional to the
inverse square of the distance of the
tongue from the sensor assembly.
2.2%)ata Analysis

Tongue-palate distances for tokens 2-
11 for each vowel in the three condi-
tions were measured at that point
within the acoustic vowel interval that
best represented the endpoint of
tongue movement for each token.
Endpoints were selected by visual
inspection of the time-varying
distance traces, which were displayed
together with RMS intensity on a
high-resolution graphics terminal.
Articulatory compensation with re-
spect to tongue positioning below the
hard palate was considered (by way of
definition)

-complete if the average unsigned
tongue-palate distance at the four
sensor locations differed by less than
1.0 mm for NO vs. BB qr O produc-
tions of a given vowel;

-selective If the mean tongue-palate
distances in BB or LO productions at
sensor locations that are near the
acoustically critical maximum con-
striction for a given vowel were within
the range of the standard deviation
(SD) associated with the mean for the
NO tokens at those sensor locations;
-partial if the tongue compensated
for the lowered jaw, but did not com-
pensate completely or selectively.
Overshoot and undershoot refer to
partial compensation with higher-

1 Reasons for selecting this criterion
to determine tongue shape overlap
are given in [S].



than-normal and lower-than-normal
tongue  positions, respectively.
Finally, in zero compensation the

tongue does not compensate for the

lowered jaw in BB and LO speech.
Variability in tongue positioning was
assessed 1n terms of the SDs associ-
ated with the multiple productions of
NO, BB, and LO vowels.

3. RESULTS

3.1 Tongue Positions

The most important result was that in
the production of all six vowels, the
tongue compensated for the lower-
than-normal jaw position in both BB
and LO speech. However, the tongue
was lower in LO than BB speech at all
four sensor locations for five vowels,
suggesting that the tongue did not
compensate as much for jaw lowering
in the "natural” as in the artificial BB
condition. The exception was /Y/
with ovcrlzg)ging tongue configura-
tions in the BB and LO conditions.
Complete compensation by the
tongue for jaw perturbation was ob-
served in only two instances: For /i/
in the LO and for /U/ in the BB con-
dition. Compensation was selective
for /i/ in the BB condition, for /I/ in
the BB and LO conditions, and for /y/

in th_e BB condition.
Partial compensation (undershoot)
was observed for /y, Y, u, U/ in the

LO and /Y/ in the BB condition. Un-
dershoot relative to NO tongue posi-
tions, which increased monotonically
from anterior to posterior sensor
locations, was small for /Y/, medium
for /y/ and /U/, and large for /u/.
Surprisingly, undershoot for /u/ and
/U/ in the LO condition was largest
at sensor 4, which is located close to
the acoustically critical maximum
constriction for these back vowels at
the velum. Results for perturbed /u/-
productions differed from all other
results in that undershoot in LO
sgeech contrasted with overshoot (at
the posterior sensors) in BB speech.
3.2 Variability of Tongue
Positioning

The most important result concerning
variability of tongue positioning in
the three conditions was that per-
turbed vowels were not produced with
uniformly more or uniformly less pre-
cise tongue gestures than NO vowels,

The SDs associated with the multiple
roductions of the six vowels averaged
.84 mm in the NO, 0.93 mm in the

BB, and 0.77 mm in the LO condition,
Tongue positioning for /i, I, y, Y/ was
slightly more variable in the BB thay
the NO condition (SDs were 0.1 - (2
mm lar§er), but variability did not dif-
fer for /u, U/ across these conditions,
Token-to-token variability was slight-
ly larger in the LO than the NO condi-
tion for /i, I, U/ (SDs were 0.1 - 02
mm larger), did not differ for /Y/,
and decreased for /u/ and /Y/ (by 03
mm and 0.6 mm, respectively).
The most conspicuous result was that
for all vowels and all conditions, SDs
increased monotonically from
anterior to posterior sensor locations.
This  front-to-back  increase in
variability was observed irrespective
of whether the acoustically critical
maximum constriction was in the
prepalatal (/i, 1/), palatal (/y, Y/), or
velar (_/u, U/) region. It may be of
some interest to note that tongue
positioning for each of the nominally
tense vowels /i, y, u/ was more
variable than for its nominally lax
counterpart (/I, Y, U/) in all three
conditions.

4. DISCUSSION

The single-subject experiment re-
ported here showed that the tongue
compensated for a lowered jaw in
both BB and LO speech, and that both
conditions of jaw perturbation did not

importantly affect the precision of
motor control for the tongue.

Results of previous BB studies led to
the expectation that articulatory com-

pensation by the tongue in BB speech
would be selective or complete. The
present results for four (i, I, y, U/) of
the six vowels examined conformed to
this expectation. However, tongue po-
sitions for /Y, u/ in BB speech did not

overlap with NO tongue positions or
maintain NO tongue-palate distances

near the acoustically critical maxi-
mum constriction. Preliminary acous-

tic analyses of the vowels examined in
the present study indicated that par-

.tial  compensation  for /Y

72

(undershoot) and /u/ (overshoot) did
not result in changes in acoustic out-
put that one might expect given the
differences between NO and BB

tongue positions below the hard
alate. This suggests that
compensation for the lowered jaw in
the BB production of /Y, u/ may have
occurred in an area of the vocal tract
not registered by the glossometer.
The hypothesis being tested for LO
vowels was that the tongue would not
compensate for the "natural bite
block”. This hypothesis, which
Traunmiiller [10] based on the acous-
tic properties (increase in F1) of LO
vowels, was not supported. The pre-
sent experiment showed that compen-
sation by the tongue for a lowere Y]aw
in LO speech may be partial (y, Y, u,
U/), selective (/1/), or even complete
(/i/). This suggests that motor pro-
gramming in both LO and BB speech
involves reorganization of tongue
positioning to achieve precisely
defined articulatory goals that are not
necessarily (as for /1/ in LO speech)
the same as in NO speech. The lower
tongue positions in LO than in NO
speech for four of the six vowels

examined may have been effected to-

increase F1, so that the percelgtually
important distance between Fi and
the increased Fo in LO speech would
be maintained for a given vowel
irrespective of vocal effort (see [10]).
Degree of precision in tongue posi-
tioning did not differ much across the
three conditions. The SDs associated
with multiple productions of NO (0.84
mm), BB SO. 3 mm), and LO (0.77
mm) vowels were of approximately
the same ma%nitude as the mean SD
for the complete set of NO German
vowels (0.78 mm [3]), the complete
set of NO English vowels (0.81 mm
[5]), and five Spanish and English
vowels spoken normally (0.76 mm)
and with a BB (0.80) [4]. %’hese earlier
studies suggested that neither vowel
inventory size [4] nor mechanisms
used to differentiate large vowel in-
ventories [3] affect variability of
tongue positioning. The present re-
sults corroborate and extend Flege’s
%4] BB study by showing that both arti-
icial and natural jaw perturbation
need not importantly affect degree of
recision in tongue positioning.
EResearch supported by  grant
NS20963-04 from the U.S. National
Institutes of Health to the second
author)
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ABSTRACT

This paper presents a model of auditory
processing that can account for the very
small frequency difference limens ob-
served psychophysically for pure tones.
In a first step, an autocoincidence his-
togram is calculated from nerve-fiber
channels synchronized to the pure tone,
according to a model similar to that of
Licklider [3, 4, 5]. In a second step, this
histogram is "folded", resulting in a
"narrowed autocoincidence histogram".
The peak of this narrowed histogram is
sharper than that of the autocoincidence
histogram, and its width depends on
stimulus duration in a way similar to
frequency difference limens.

1. INTRODUCTION

Listeners can discriminate differences in
the frequency of pure tones as small as
0.2% [1]. Thresholds get larger as
stimuli get shorter, but discrimination
remains good even when the stimuli con-
tain only a few cycles. Moore [1] argued
that the thresholds are too low to be com-
patible with a place mechanism of fre-
quency discrimination based on the differ-
ences in intensity that might arise when
the excitation pattern for a tone is shifted
along the basilar membrane. They would
be compatible, on the other hand, with a
time domain mechanism. Based on this
assumption, Goldstein and Srulovicz [2]
proposed a theory that predicts thresholds
under the hypothesis of optimum process-
ing of interspike intervals. Goldstein and
Srulovicz noted that information from as
few as nine fibers is sufficient to account
for discrimination thresholds. Since
many more fibers are available for

processing, performance must have other
limits, perhaps due to the actual neural
processing mechanism. The question
arises as to whether such processing has
the same behavior as optimum
processing. It is therefore of interest to
examine candidate processing models
with respect to pure tone frequency
discrimination. One such model is that of
Licklider [3, 4, 5], based on the
autocoincidence of nerve fiber discharges
(see also [6, 7, 8, 9, 10]). If we assume
this particular model, can we still predict
discrimination thresholds?

In this study it is found that a) the basic
-autocoincidence mechanism of Licklider's
model does not adequately predict per-
formance, but b) it can be followed bya
second stage of processing, described by
a "narrowed autocoincidence histogram”
(NAQ), to form a model that predicts
thresholds similar to those observed
psychophysically.

2. DISCRIMINATION
THRESHOLDS FOR PURE TONE
PITCH

Moore [1] measured frequency difference
limens for pure tones as a function of fre-
quency and stimulus duration. His dau
are plotted in Fig. 1. At all frequencies,
thresholds tend to be smaller, for longer
stimuli. Discrimination gets better &
frequency increases, up to 2 kHz. For tht
lowest three frequencies there is a zone of
durations for which threshold varies
approximately as the inverse of stimulis
duration. These frequencies are in the
region for which a time-domain frequepqy
analysis mechanism such as Licklider's s
in principle applicable.
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Fig. 1. Frequency difference limens (AF/F) for pure tones as a function of stimulus duration and
frequency (replotted from Moore [1]). Frequencies up to 2 kHz are plotted with com@nu.ous lines, higher
frequencies with dotted lines. Straight line: difference limen predicted by basic autocoincidence model.

3. AUTOCOINCIDENCE MODEL

In Licklider's model [3, 4, 5], patterns of
discharge within auditory-nerve fibers are
processed in the auditory nervous system
by a neural network that calculates the
equivalent of an autocoincidence (or auto-
correlation) histogram [11, 12]. The
result is a pattern of activity over the two
dimensions of frequency (inherited from
peripheral filtering) and Jag (provided by
nerve conduction or synaptic delays). In
response to a periodic stimulus, this
pattern shows a ridge at a lag equal to the
period, thus providing a cue to the pitch.
Licklider's model was designed to explain
the pitch of complex stimuli, however it
works as well for pure tones. In response
to a pure tone of frequency f, nerve fibers
with characteristic frequencies within a
band surrounding f will respond with a
periodicity of 1/f. The result is an
autocoincidence pattern with a ridge at 1/f.
Actually, the pattern also shows ridges at
period multiples; the model supposes that
the position of the first ridge is the cue to
pitch. Because synchronization deterio-
rates above 2-5 kHz, the model can only

apply to frequencies below that limit (this
excludes the upper 2 or 3 octaves of the
10 that span the audible range).

interval (ms)
Fig. 2. Autocoincidence histogram in response to
a pure tone of 100 Hz. The dotted line marks the
period lag. The histogram was calculated using
"spike" data produced by a model [13].

count

Let us define the pitch cue more precisely
as the position of the maximum of a com-
posite pattern obtained by taking the sum
of histograms across frequency channels
(alternative assumptions are possible but
won't be discussed here). In response to
a pure tone the histograms are all identi-
cal, so the effect of summing them is
simply to reduce variability, as if a single
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histogram were calculated with more
spikes. How precise is this cue?

As evident in Fig. 2, the histogram is
"noisy", which causes the position of the
maximum to be uncertain. The standard
deviation of this position can be estimated
[14] as a function of discharge rate R,
stimulus duration D, histogram bin width
€, and number N of histograms summed
together:

or = 0.12 RVX(DeN) 4 M

It is evident from (1) that the standard
deviation varies as the inverse of the
fourth root of stimulus duration. This
dependency can be understood as follows:
due to the parabolic shape of the AC
histogram near its peak, the incertitude of
the position of the maximum varies with
the square root of the standard deviation
of the bin "noise", itself proportional to
the square root of the counts in the
histogram bins. If spikes are allowed to
accumulate during the entire stimulus
presentation, the count within each bin is
proportional to duration, hence the D14
dependency.

To get a more quantitative estimate, let us
make the assumption that 1250 fibers
respond each at 100 s/s, that the spike
trains are pooled before histogram
calculation into 10 histograms that are
then summed, and that histogram resolu-
tion is 1ys (R = 12500, N= 10, € = 10%).
Given these assumptions, the difference
limen AF/F (supposed equal to o) varies
as plotted in Figure 1. We can draw the
following conclusions:

a) The dependency of AF/F on duration,
predicted by the model as D" does not
match that observed in Moore's data at
low frequencies.

b) The AF/F predicted by the model is
almost an order of magnitude larger than
the best difference limens observed.

4. NARROWED
AUTOCOINCIDENCE MODEL

In the AC model, the effect of making the
stimulus longer is to make more spikes
available, thus reducing statistical uncer-
tainty. Clearly this is insufficient to ac-
count for the difference limens observed
and their dependency on duration. There
is however a source of information that

the AC model neglects: that carried by the
peaks of higher rank of the autocoing.
dence histogram.

Recently, a method has been proposed for
sharpening the peaks of the autocorrels.
tion function (for purposes of musicg
pitch estimation) [15]. This method ip.
corporates information from higher-order
peaks into a compact representation called
"Narrowed autocorrelation function”, A
similar operation can be applied to the
autocoincidence histogram (AC), resulting
in a "Narrowed autocoincidence his-
togram" (NAC):

N-1
NAC(1) = Y, (N-k) AC(kt) (2)
k=1

count

™— T T T

.10
interval (ms)

Eig. 3. Narrowed autocoincidence histogram in
response to 2 pure tone of 100 Hz. Order of
narrowing is 10,

It can be seen from Figure 3 that the pe-
riod peak of the NAC is narrower than
that of the AC histogram. Peak width is
inversely proportional to the narrowing
order N. The practical value of N is
limited by the duration of the stimulus,
since it is impossible to calculate an AC
histogram for intervals greater than the
stimulus duration. If this is the factor that
limits frequency discrimination, then
difference limens should vary as D
(Whereas probabilistic factors determined
the thresholds of the AC model, thest
factors are considered negligeable in the
analysis of the NAC).

Fig. 4 displays AF/F, under the further
assumptions that the width of an AC peak
before narrowing is about 10 %, and that
the only effect of frequency is to vary the
number of cycles within a stimulus. The
effect of frequency is difficult to analyze
in this model, because it affects the
population of fibers that respond and their
degree of synchronization, as well as the
number of AC histograms peaks that can
fit within a given duration.
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Fig. 4, Difference limens predicted by the NAC
model.

The dotted lines labeled "max D" and
"max N" in Fig. 4 represent additional
hypothetical limits on discrimination due
to two factors. The first factor limits
length of AC histograms (it could be for
example a limit on the allowable length of
the neural delay lines assumed by
Licklider's model). Making stimuli longer
than this limit can bring no improvement.
The second factor would limit the order of
narrowing, due to the complexity of
neural circuitry available for the
calculation of the NAC.,

The trend of the thresholds visible in Fig.
4 is similar to that of Moore's data for
frequencies below 2 kHz (Fig. 1). The
major differences are that the curves in
Fig. 1 are somewhat shallower, and the
spacing smaller than predicted by the
model. There is also no evidence in
Moore's data for the first of the
hypothetical limits mentioned above
("max D") . Apart from these differences
the agreement is quite good.

CONCLUSION

The basic autocorrelation model due to
Licklider is not sufficient to account for
frequency difference limens observed
psychophysically. However, a modified
model (the NAC model) can successfully
account for these limens, and for the form
of their dependency on duration. This
result is of interest given the recent
renewed concern for time-domain models
of auditory processing.
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PERCPTUAL SENSE UNITS IN THE PROCESS OF LISTENING COMPREHENSION
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ABSTRACT

Research was added to the pre-
vious studies which made clear that
the perception of sound sequence
consists of two-fold processings—-
holistic and analytic, and that the
former is applied to the fast tempo
sequences  whose intersound inter-
vals are within 300ms, and the lat-
ter to the slow ones whose intervals
are over 400ms. They are neuropsy-

chologically different from each -

other‘ (See another paper of the au-
thor in this conference named "Two

Processing Mechanisms in Rhythm Per-

ception.”) Experiments I and I
proyed that in the process of lis-
;te91ng comprehension, meaning units
‘whlch are made up of 1 to 7+2 syl-
.lgbles closely combined each other
vith the intervals of less than
300ms are perceived holistically
as definite units. If holisticality
is errived semantically and/or
p§y§1cally by pausing, the listena-
blllty_is extraordinarily decreased.
There 1s some evidence that this
_perceptual sense unit’ was imbedded
iZ.hUIan-beings' deep cognitive sys-

The present paper is going to

try to identify ’per
Lnlt (P-unit, bencefo?gﬁ}?agergg?sgd

holistigally and stored in echoic
memory 1in an unprocessed form in the
rocess of listening comprehension.

1. PREVIOUS STUDIES

Kohno and Kashivagi [3] made
clear the processing mechanise in
rhyths perception using as subjects
a normal right-handed wvoman, seven
children with age variety from_one

year and four months to nine years
91d and a patient with infarctio
involving the forebrain commissura)
fibers. The summary of the results
got by the study is as follows.

1) The left hand of the patient and
children under four years of age can
not synchronize their tapping with
the slov rhythas of 500 and 1000s
inter-beat intervals (IBI), but they
kcan follow the rapid stimuli of 250
s IBI. The right hand of the pa-
tient and children older than four
years old, however, can fit their
tapping both to the rapid and slov

rhythms as well as the normal adult.

3) Negative autocorrelations were
detected among adjacent IBls in
slow response beats by the normal
adult, the children older than fou
and the right hand of the patient,

but never found in the responses
to the slow stimuli by the children
younger than four and the left hand

of the patient. 4) Negative autocor-
relgtions vere never detected in the
rapid response movements (250xs) of
a!l the subjects. 5) The above-men-
tioned facts suggest that the slov
repetitive sound sequences are nor-
lal!y perceived by ongoing and ana-
lytic vay of processng, but rapid
ones by at-a-time and holistic vay.
Evidence was found that the children
younger than four years old and the
left hand of the patient always use
only the holistic approach not only
for the rapid rhytha but also for

the slov rhythm and that it is the

- very reason vhy they cannot synchro-

nize the slov tempos. These 1w
kinds of processing, therefore, art
neuropsychologically different fros
each other. 6) Other experiments us:

18- .

ing nonsense words on timing condi-

tion of syllable sequences and echo-
ic memory were held with the follow-
ing results. a) The sequences of

closely connected nonsense sylla-
bles, each of whose inter-voice-on-
set-piont intervals{IVI, henceforth)
are less than 300ms, bring forth

longer retention than the syllable
sequences vhose IVIs are longer than
400ms, when they are recalled after

some lapse of time for doing tvo di-
git number multiplication. As sug-

gested in 5), the durational condi-
tion less than 300ms may be proces-

sed holistically, and that more than
400ms, analytically. As holistic
processing is qualitatively differ-

ent from analytic one, the former is
never disturbed by the latter, and
this may be the reason why the

vords whose syllables are closely
connected have longer retention than
the ones which consist of losely
connected syllables after doing some
cognitive vork. b) There is some e~
vidence that durational condition
between 300 and 400ms IVIs is border
area mixed vith both holistic and
analytic processings, different by

. individuals.

"2. IDENTIFICATION OF PERCEPTUAL

SENSE UNIT
2.1. Experiment I

[Subjects] Students of a high
school in Japan, 108 in number, wvere
divided into four homogeneous groups
in their English ability based on
their academic records .

[Materials] Two original sto-
ries, one in English (95 words), the
other, in Japanese (133 vords). vere
recorded by an American instructor
and a Japanese one respectively.

Then pauses were mechanically placed
by the use of Pause Controller,

SONY LLC 5000, at every end of word
(the set pause length = 1 second),

at every end of phrase,of clause and
of sentence(the set pause length = 2
seconds). Phrase here means a meaning
unit which consists of one content

and no or some function words. A no-
pause version was also prepared. An
important thing here is that the
nusber of syllables which made up a
phrase was 1 to 7 in English ver-

sion and 2 to 8 in Japanese.The unit

of clause, however, consisted of 2
to 13 syllables in English, and 7 to
25 (8 to 26 morae) in Japanese, and
the sentence unit, 12 to 22 in Eng-
lish and 12 to 48 (15 to 53 morae)
in Japanese. According to Miller [4]
maximum number of elements which can
be perceived in a flash is T%2.
Only the unit of phrase out of the
above units meets Miller’'s condition
--in the case of English clause,
for example, half of them consisted
of more than 7 syllables. Words, of
course, consist of less than 7 syl-
lables, but the separation by this
unit destroys the unit of meaning,
because no function word has any
independent meaning.

[Method] Each subject group vas
requested to listen to one version

in Japanese and another in English,
and vere asked to write the content

of the stories as precisely as pos-
sible in Japanese, imsmediately after
they had finished hearing them.

Table 1 -A ( Japanese ) full warks = 29

pause n x S.D.
no pauseld) 27 4.2 1.78
every cuqse(B‘) 26 9.7 s.27
every phrase(C) 24 15.5 5.65
esery wordiD? 3 1ns 5.82
B#D (t=1.33, NS. ); C>D (t=2.39, P<0.05)

€>8 (1 =379, P<0.00 ; C>A (t=9.75, P<0.001)
B>A (1 =2.85, P<0.02) ; D>A (t=5.41, P<0.001)
C(Table 1 - B ( gnglish ) omitted.)

[Results]) Pauses which were
placed at every end of clauses, and
of phrases increased the scores in
this order in both English and Japa-
nese materials--the no-pause version
produced the vorst ones. As found in
[2], the pause-at-every-phrase ver-
sion brought about the highest
scores. This 'the more pauses, the
higher score’ principle, hovever,
did not go on in the pause-at-every-
word versions, which remarkably re-
duced the scores(p<0.05-0.001). This
fact also coincides with the result
of [3]. If pauses would play a cru-
cial role for listening comprehen-
sion by giving chances to analyze
and synthesize the stimuli and by
giving clues to separatethe sound
stream into proper units as pointed
out in Pimsleur(1971), ve may right-
1y say that these results suggest
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the unit of phrase, more precisely,
grammatical meaning unit which con-
sists of 7+2 syllables, might ren-
der a most suitable chunk for lis-
teners’ cognitive processing of con-
nected speech.

¥e should now notice that the

P-unit, the unit of phrase, for ex-
ample, generally consists of several
syllables which are combined one to
another vith IVIs about 100 to 200ms
in the case of Japanese or 100 to
250ms in English, all of which are
so rapid as to be processed holisti-
cally. The last IVIs of each P-unit
in English, however, are somewhat
longer than the preceding ones. Here
is an example of realities of IVIs
together with syllable lengths, that
is, computational observations (ILS,
Micro PDP 11/73) on the syllable du-
rations and 1VIs between syllables
in the stories read by native speak-

ers.

a) Duration of syllables (syl. dur.)
and IVIs in spoken Japanese sen-
tences.

Tsuki ga/ no bo ri/

syl.dur. 118 104 96 108 111 115
1Vl 146 143 121 116

ha ji me  ma shi ta./
syl.dur.139 139 163 165 192 158

IVI 169 111 143 (117) (185)
b) Duration of syllables (syl. dur.)
and IVls in spoken English sen-
“tences )
Scott/ came out of the
syl.dur. 331 225 242 115 196
1VI] . 386

house/ and locked / the

syl.dur. 311 122 345 (183) 168
IVl 232 290
door / behind ™ hin.
syl.dur. 329 162 308 345
VL1700 287 198 323

= boundary of p-unit)

In Japanse, all IVis, as wel]
as syllable durations, are all vith-
in 300 ms. This means that the syl-
lable sequences so closely connected
have to be processed holistically.
In English, however, the states of
IVIs and syllable durations vary
very much, and generally they are
longertyhan ﬂapanses syllables. We
can notice, however i -
glish, a long IVI is :B%t ;2 E2ach
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225 221 165 148 .

P-unit, especially at the end of
it, that is, at each semantic upjt
vhich usually consists of 7 or |eg
syllables. The fore parts of the y-
nit are composed by a syllable sy
cession with short IVIs vhich may be
processed holistically. To put the
long syllables at the ends of units
is very effective to show the teraj-
nations of the units. This device
seens to help listeners out of dif-
ficulty of. holistic processing
caused by the variety of syllable
durations.

¥e can now more precisely say
that a perceptual sense unit, is 3
semantic unit which is composed of
one to several syllables which are
so closely combined one to another
in less than 300ms IVIs so that the
unit can be processed holistically.

If the unity and, therefore,
holisticness are lost by the long
IVIs of more than 500ms, !istena-
bility of the utterance will be
remarkably decreased. The analytic
processing, on the other hand, may
concern the processing of two and
more perceptual sense units one by
one to get the whole meaning of
utterances. It might, as a natter
of course, take a longer time.

2.3. Experiment I

In order to verify the above
hypothesis, the following experiment
vas carried out.

[Subjects and Method] An essay

in Japanese (Material A) was read .

by a Japanese female instructor (age
: twenties). It was then mechanical-
ly separated at every end of percep-
tual sense units by pauses whose
durations were 3, 4 and 5 seconds.
Another Japanese essay{Material B)
vas also read by the same instruc-
‘ter, but IVIs among syllables
vere spread to each of 200, 250, and
500ms. Subjects were Japanese high
school students, 122 in number. Oth
er procedures vwere the same as in
Experiment 1.

[Results and Discussion] The
results are shovn in Tables 2-A ad
~B. ¥hen the IVI among syllables vas
200 or 250ms which will be pr
holistically, the scores resained
almost the same, but when they vere

lengthened to 500ms, which may be
processed analytically, the scores
significantly decreased(Table 2-A).
Table 6 - A,

intervals among syllables

200ms | 250ms | 500ms

o 27 |- 34. 26
x 14.52 1 13.03 11.27
S.D. 2.49 3.91 | 4.32

200ms = 250ms N. 5.5 200ms >500ms P <0.01

Table 6 -8B

intervals among phrases

natural | 3000ms | 4000ims | 5000ms

- 25 2% 34 o7
X 15.88 | 16.07 | 16.38 | 16.11
S.D. | 2.09 | 2.00 1.67 | 1.95

NS among facfors

In connection with this, [4]
pointed out that extremely slow En-
glish pronunciation in which each
syllable is drawled more than 500ms
(X=514 actually) also decreases lis-
tenability very much (p<0.05-0.01),
even though pronunciation of seg-
ments vas clear and precise. Table
B, on the other hand, shows that
long intervals among the perceptual
sense units never bring about ne-
gative effects, perhaps because the
vwork to be done here would be an an-
alytic task to look for grammatical
and semantic relations among several
units, which by nature requires lots
of time.

3. DISCUSSION

¥e can now exactly explain the
results of Experiment 1: the no-
pause version brought about the
vorst scores, because all the chances

to perform the work of apalytic pro-
cessing were deprived. The pause-at

-every-word version also produced
very bad scores, because the unity
of geaning is lost. The low listena-
bility of drawled pronunciation [3]
can be explained in the same way.
Perceptual sense unit is a unit - in
which "a unit of meaning’ isclosely
attached to a closely connected syl-
lable succession. Listeners, there-,
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tore, when they hear the unit, can
reflectively recall the meaning to
their mind. In the pause-at-every-
vord versions, however, function
vords which are put separately by
pauses whose durations are beyond
holistically perceived time inter-
vals, prevent listeners from reflex-
ive, at-a-time recalling of a unit
of meaning. The relatively low
scores produced by the pause-at-ev-
ery-sentence version and by the
pause-at-every-clause version can be
explained by the fact that the num-

ber of syllables composing those
units go beyond the suitable number

that human beings can holistically
process a ta time, that is, 7+2

4. CONCLUSION

_We may_conclude by saying that
the processing of listening comp-
rehension is a mix of both holistic
and analytic works. The existence of
the unit which should be holistical-
ly dealt with at a time has long
been overlooked, but it is crucial
element to make clear the processing
of listening comprehension which
listeners can do very efficiently
and rapidly. we should notice that
perceptual units whose syllables are
closely connected may be preserved
in an unprocessed form longer than
the separately lined syllables after
the execution of some cognitive
works(3]. On account of this nature,
listeners can do the works of seman-
tic and sometimes grammatical analy-
sis over several units, if necessary,
referring back to some precedent

- unit vhich is still retained eveu

after having processed some units.

REFERENCES

[1] KOHNO, M. (1981), "Effect og pau
singin listening comprehension. T.
Konishied. Studies in Grammar and L
anguage, 392-405, Kenkyusha, Tokyo.
[2] KOHNO, M. Kashivagi, A. and
Kashivagi, T. (1990), "Similarity of
rhythms produced by young childrgn
and the patient with infarction in-
volving the corpus callosum.” AILA
1990. N ]

(3] MILLER, G. (1956), "The naglcel
num-ber seven, plus or minus tvo.
Psychological Review, 63-2, 81-97.




METHODS FOR REDUCING CONTEXT EFFECTS
IN THE SUBJECTIVE ASSESSMENT OF SYNTHETIC SPEECH

Chaslav V. Pavlovic, Mario Rossi, and Robert Espesser

Institut de Phonetique, LA 261 CNRS, Universit€ de Provence,
Aix en Provence, FRANCE
& (1st. author only) University of Iowa, Iowa City, Iowa, USA.

ABSTRACT
The contextual invariance of cate-
gorical and magnitude estimates of
speech quality could be improved by
introducing a reference system (natu-
ral speech) and by appropriately nor-
malizing the results with respect to it.

1. INTRODUCTION
A potential problem with subjective
scaling of speech quality occurs when
the rating of a certain system needs to
be generalized outside the set of sys-
tems used in the experiment. Namely,
the rating of a system may change
depending on the selection of other
systems evaluated at the same time
("context effect"). We evaluate here
whether the context effects could be
reduced by introducing a reference
system (natural undistorted speech)
common to all experiments, and by
normalizing the rating of any given
synthesizer in reference to the rating
of the natural speech. Two subjective
psychophysical techniques are evalu-
ated: magnitude estimations (MEs)
and categorical estimations (CEs).
The ratings of four systems labeled

"A" and four systems labeled "B" were
cvaluated in two different types of
context: "A and B" context and "A or
B" context. Systems A were of superi-
or quality to systems B. Both systems
A and systems B were evaluated sep-
arately within their groups (A or B
context), and together (A and B con-
text). The research question is wheth-
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er the ratings of the stimuli are invari
ant to these changes in context, both
in the absolute and in the relative
sense. These context effects were ev-
aluated both with and without the
reference condition. This particular
design was selected because past re-
search indicates that all scaling tech-

niques may be particularly sensitive to

it. It is hypothesized that subjects al-
ways use one restricted range of num-
bers regardless of the stimuli being
evaluated. If this were indeed the ca-
se, there would be a strong tendency
to use the same range of numbers for
systems A only, systems B only, and
systems A and B together. Given tha
systems A are superior in quality to
systems B, the ratings of B will, there-
fore, be better when these systems
are presented alone than together
with A. The opposite would be true
of systems A.

2. METHOD

The subjects were equally divided
into 12 experimental groups. Six ex:
perimental groups gave ME and the
other six CE judgments. The groups
are identified by letters that corres-
pond to the listening conditions they
were exposed to. These six labels ar¢
ABR, AR, BR, AB, A, and B. Symbd
A signifies that the group judged cor
ditions A, symbol B that the group

~ judged conditions B, and symbol R

that the group judged the reference
condition. The non-normalized group

results for each condition were calcu-
lated as the means across subjects
and condition repetitions. The arith-
metic means were used for CEs, while
the geometric means were used for
MEs. Neither for the MEs nor for the
CEs was the reference condition ex-
plicitly defined to the subject as such.
Rather, it was treated as just another
experimental condition. The subjects
were required to judge how satisfied
they were with the particular commu-
nication situation. For CEs the scale
from 1 to 20 was used. Direct ME
procedure and the sentence test ma-
terial described in more detail in [1]
were used.

3. RESULTS

In the tasks which did not incorpo-
rate the reference stimulus, relatively
large AB context effects were seen
(Fig. 1 for CEs; Fig. 2 for MEs). They
seemed to be particularly severe in
the case of CEs, where the mean rat-
ing of systems A and B were almost
equal to each other in the "A or B"
context, but quite different in the "A
and B" context. When the reference
condition was present, a large dec-
rease in the AB context effect was
seen in the CE (Fig. 3), while no im-
provement was demonstrated in the
ME (Fig. 4). The introduction of the
reference condition did not seem to
have affected the relative ratings of
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Fig. 3 CE ratings four groups ABR
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Fig. 4 ME ratings four groups ABR
(squares), AR (pluses), and BR
(diamonds).

the other systems neither for the MEs
(Fig. 5), nor for the CEs. This indi-
cates that some form of normalization
may prove beneficial with regards to
context effects.

4. NORMALIZATION

Two measures of the merits of nor-
malization were used. These are the
standard deviation (§), and the corre-



lation (r) between the ratings of the
eight experimental systems (A and B)
observed, on one hand, in the "A and
B" context, and on the other hand, in
the "A or B" context. Measure § ex-
presses the absolute proximity of the
measurements made in the two con-
texts. Measure [ is sensitive to how
well relative ratings of the systems
agree in various contexts. The smaller
the s and the larger the 1 the more
context-free the procedure is.

The application of measure § pre-
sumes that all results are on the same
scale. This is indeed the case for all
normalized values. This is also the
case for the non-normalized CEs that
are divided by the maximum scale
value. However, in the case of the
non-normalized MEs the scales are
arbitrary and cannot be transformed
to a 0 to 1 range. In the latter case,
instead of s, the measure labeled §’
was used. It is defined as s divided by
the mean rating of the stimuli in the
"A and B" context.

ME RATING
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Fig. 5 ME ratings four groups AB
(squares) and ABR (pluses).

‘ The CE procedure typically results
in an interval-type scale. Therefore, it
is invariant to multiplication by a con-
stant, or to addition of a constant.
Thus, the results could be normalized
by either of these operations. In addi-
tion, normalization could be per-
formed on the group results, or on
the results of individual subjects. In
the case of normalization by multipli-
cation, the rating of a stimulus is mul-

A
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tiplied by the reciprocal of the Tating

of the reference stimulus, Thig opera.

tion applied to the mean group re.

sults is labeled "CE_MG," where M

stands for "multiplication," and G fo

“group.” Normalization by multiplica.

tion applied to the results of individy.

al subjects is labeled "CE_MI," where
I stands for "individual." In normaliz-
ing results by adding a constant, first
the complement to 20 (maximum sc.
le value) of the reference stimulys
rating is added to the non-normalizeq
value of the stimulus. Subsequently,
these numbers are divided by 20. Thi
procedure leads to the same results
regardless of whether it is applied to
the group or to the individual results,
It will be labeled "CE_C," where C
stands for "complement."

The measures of context effect g
and r for CEs are given in Table 1.
All normalization procedures substan-
tially reduced context effects with re-
spect to the non-normalized results of
the groups that did not judge the ref-
erence system. For example, in the
case of method CE_MG correlation-
type measure 1 increased from 0.48
(for the non-normalized results) to
0.98 (for the normalized results), whi
le s decreased from 0.13 (for the nor-
normalized results) to 0.05 (for the
normalized results). However, with
respect to the non-normalized results
obtained by the groups that judged
the reference condition, the context
effect was made somewhat worse with
normalization.

The ME procedure results in a ra-
tio-type scale, and is invariant to muk
tiplication by a constant. Consequent-
ly the normalized results are obtained
if the ratings of stimuli are multiplied
by the reciprocal of the rating of the
reference system. As was the case
with CEs, this operation could be per-
formed either on the group results, of
on the individual subjects’ results. In
addition, the ME results could be cal

culated as "absolute” or "relative” [1]. .
The normalization procedures on the
absolute group results is labeled
"ME_AG" (symbols A and G repre-
sent "absolute" and "group," respec-
tively), while the normalization proce-
dure on the absolute individual results
is labeled "ME_AI" (symbol I stands
for "individual"). The normalization
procedures either on the group or
individual relative ratings yield the
same values which are labeled
"ME_R" (R stands for relative).

The measures of context effect [, §
(if meaningful), and §’ are given in
Table II for these three normalization
procedures, as well as for non-norma-
lized results. Fig. 6 gives normalized
ME:s for the best of these procedures,
ie. ME_AL All normalization proce-
dures substantially reduce the context
effects with respect to the non-norma-
lized results of the groups that judged
the reference system. However, the
real benefit of normalization should
be assessed against the non-normal-
ized results obtained without the ref-
erence system. There, only the proce-
dure ME_AI appears to reduce the
context effects.

TARLEL CONTEXT EFFECT MEASURES K AND § FOR CE.

PROCEDURE 3 ]
CE ) )
(NON.NORMALIZED)

(WITHOUT R)

CE (L] [
(NON-NORMALIZED)

(MITH R)

CE_MG (X [
CEMI . .
CEC [ e

TABLE Il CONTEXT EFFECT MEASURES

RAND §, AND § FOR ME
FROCEDURE & 8§
ME 4 3
(NON-NORMALIZED)

(MITHOUT B)

ME (O] s
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Fig. 6 Normalized ME ratings, meth-
od ME_AI groups ABR, AR, BR

In the § value the best ME proce-
dure (ME_AI) is practically equal (3
= 0.6) to the best normalized CE pr-
ocedures (CE_MG, CE_MI), but infe-
rior to the non-normalized CE proce-
dure when the reference stimulus is
used (s = 0.2). In the [ values the
procedure is worse (1 = 0.89) than
both, better normalized CE pro-
cedures (r = 0.95 to 0.98), or the
non-normalized CE procedure when
the reference stimulus was presented
(r = 0.99).
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ABSTRACT

The order effect causes in a
"same~different” task the one
presentation order to be better
discriminated than the reverse
order. The effect was .investigated
in the domain of pitch perception.
Phonetic/psychoacoustic explanati-
ons are given, and parallels
between the order effect and the
perception of accents are
discussed.

1. INTRODUCTION

The order effect (OE) has
been known for more than 100
vears in the field of psychoacou-
stics [5]; it causes in a "same-
different" discrimination task (AX-
paradigm) the one presentation
order AB to be better discriminated
than the reverse order BA. We will
call the order that is discriminated
better the "prominent" order. and
the stimulus that comes second in
this order the "prominent®. stimu-
lus. In phonetics, the OE has not
been dealt with very often. This
might be due to the experimental
design mostly used in phonetics -
the ABX-task. Originally, we came
across the OE in pitch perception
while investigating the categorical
perception of intonation contours
with the AX-paradigm [4,6]. The
“potbelly"-phenomenon described In
part 2 was point of departure for
several experiments, where we
addressed the following questions:

(1) Can the OE be Influenced
by the experimental design?

(i1) What causes a speclfic
order to be a prominent one?
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(iil) Can the OE be trace
back to general psychophysical
factors?

(iv) Is the OE an experimental
artifact, or can it be found in real
life as well?

In this paper, only a sketchy
discussion of our research can be
given. A thorough presentation of
experiments and phonetic conside-
rations (discussion of the state of
the art) can be found in {4].

2. THE POTBELLY PHENOMENON

One of the authors (AB)
produced the stimulus ja monoto-
nously. The digitized stimulus
(sample rate 20 kHz, cut off fre-
quency 8 kHz) was segmented Into
single pitch periods. The intensity
of the whole stimulus was left
unchanged. The second part of the
stimulus was subjected to different
manipulations of the Fo contour
(ct. fig.1).

Fig. 1: Segmental and dutati_cml structure
i ia a a

| I |8k
160 ’ 160 “ms

The continuum consisted of
nine stimull with a constant over
all duration, three falls, one level
and flve rises. The duration of the
manipulated part was kept con”
stant, Fo offset and Fo slope dif-
fered. A logarithmic scale was used
for the manlpulation of the funds-
mental frequency (Fo): semitoné =
17.31*In(Hz). The step from Ooné
offset height to the other was oné
semitone (cf. fig.2).

fFig.2: Continuum
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1
4 108 Mz ]
3 102 7
2 - 96 Mz L]
14+ 91 M2 S
o BsHz e
-1 81 Mz 3
-2 77 nz 2
-3 73 re 1
-4 <180 320 ms

Five repetitions of each pair
(i.e. AB, BA, and the "same" order
AA and BB, resp.) were presented
in randomized order with an
interstimulus intervall of 500 ms
between the members of a pair.
The pairs were separated by 2
pause of 3500 ms; after 10 pairs, a
pause of 10 sec followed. The 12
subjects (students) were instructed
to declde whether the two members
of a pair were Identical ("same")
or different. The results are given
in Fig.3. With this "potbelly shape"

Fig.3: Discrimination
100
OOWL
80+
70
80+
60
404
30+

o5,
20¢ \n\/

10 e +—+—t i

-Q‘AB

< BA

Stimuli

function, a clear OE could be
found; the order AB can be discri-
minated better than the order BA.
The overall OE is consistent and

87

significant In an analysis of
variance, P = 60.67°*". The promi-
nent order shows a higher Fo off-
set In the second member of the
pair.

In several other experiments,
the factors duration of Fo contour,
height of Fo offset, and slope were
varied systematically, as well as
the experimental design. The
results of these experiments [4)
lead to the following conclusions:

(1) The OE Is no random
effect, as It could be replicated in
all experiments.

(11) The OE is not an experi-
mental artifact that can be traced
back to a special design.

(iil) A stimulus is more pro-
minent if it has a higher Fo offset
and/or a longer Fo contour.

(lv) A stimulus pair is better
discriminated if the prominent sti-
mulus. comes second.

3. A PHONETIC/PSYCHOACOUSTIC
EXPLANATION

The prominence of a stimulus
can be explained articulatorily and
auditorily: We can assume that In
production, greater pitch intervals
are always connected with greater
durations, and vice, K versa, greater
durations of pitch elevations or
pitch drops are related to a grea-—
ter amount. of pitch change. The
perceptual effect of a higher Fo
offset might be equal to that of a
longer duration of a Fo contour, as
both factors are normally interre—
lated. In our experiments, however,
a ‘longer lasting elevation of Fo
(longer duration) does not lead to
a higher Fo offset, as both factors
were handled independently. At
any rate, subjects seem to percelve
a higher Fo offset, if the Fo con-
tour is longer and, vice versa, a
lower Fo offset if the Fo contour
{s shorter. The prominence of a
stimulus might be caused by a
greater effort in the production,
f.e. a higher muscular tension
needed to achieve a steeper rising
or falling Fo contour and a higher
or lower Fo offset as ‘well. The
prominence of a stimulus can thus
be explained by articulatory and/or
physiological mechanisms. But why



does the prominent stimulus come
second In the prominent order? At
evaluation time, the Fo information
of stimulus A 18 still "kept In
memory, but it s influenced by
the Fo Information of stimulus B.
If we substitute "weakened" for
"influenced®, then the prominent
order can be explalned: the audi-
tory trace of stimulus A s
weakened by stimulus B.

4. ORDER EFFECT AND PROMINENCE
OF ACCENTS

There is at least one task for
the "normal" native speaker/hearer
that is comparable to the task of
our subjects and that he/she has
to accomplish in everyday conver-
sation: to decide which of the

Fig.4: Overlay plot
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phrases In an utterance carries the
focal accent (FA) and thereby the
"new" information. In [2,3], we
Investigated the acoustlc structure
of the FA In German. The material
consisted of 360 utterances, spoken
by six untrained speakers (3. male,
3 female). In these sentences, the
last two phrases could be stressed
depending on the surrounding con=-
text. The sentences formed minimal
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pairs that could only be differep-
tiated by their Intonatlonal ftom,
FA In flnal (3rd) vs. FA In prefi
nal (2nd) position, on the ¢
hand, and questions (Qs) vs. nop-
questions (NQs), on the other hap
[3:210]. In perception experiments
the position of the FA was decidej
upon [3:211]. The task of th
listeners is comparable to that iy
a "same-different"-task: No cop-
textual Information whatsoever Iy
glven; If we equate the tw
phrases that can carry the Ry
(2nd and 3rd phrase) with the tw
stimuli In the AX-task, then
both cases, the order can be "non-
prominent followed by prominent
stimulus”, or the other way round.

20, Questions, FA on 3. phrase

fime

Non—Questions, FA on 3. phross

Falls, prominent order
AB

- AN

12
sh

ol

time

In fig.d, a sort of overls
plot s shown; the mean values o
the Fo maxima and minima (ful
square) and their position on tht
time axis in the FA materal {
axis: semitones above speake:
specific lowest Fo value, x-atls
centiseconds) is compared with $
schematic description of the orde!
AB vs. the order BA (open circith
In some aspects, the OE materl

and the FA material cannot be
compared in the strict sense. (The
*turning point" In the OE material
e.g. was fixed on 84 Hz, whereas
in the FA material, it could be
varied by the speakers.) A
thorough discussion of differences
and points of comparison is beyond
the limits of this paper; we will
therefore confine ourselves to one
of the possible explanations (i.e.
not the whole truth, but a sub-
stantlal part of it). As for the
Q/FA constellation and the OE
rises in fig.4, the point of com-
parison is the more pronounced
rise on the prominent stimu-
lus/phrase. The prominent order
AB, where the prominent stimulus
comes second, corresponds to a FA
on the third (last) phrase.

As for the falls, a discre- -

pancy between the OE material and
the FA nmaterial (NQ) can be
observed. In the FA material, the
more pronounced fall is on the
phrase that carries the FA, but in
the prominent order AB, the pro-
minent stimulus B has a less pro-
nounced fall than the non-promi-
nent stimulus A. We believe that a
solution can be found if we take
the two stimuli that follow each
other (ja-ja) not only as two
acoustic or "purely" phonetic (i.e.
auditory/articulatory) events but
as some linguistic "gestalt" analo-
gous to an utterance produced by
2 "normal" native speaker. If we
imagine a (speech specific) decli-
nation line (for the sake of the
argument, an all point regression
line) then, in the case of the FA
on the 2nd phrase and the order
BA, the declination line s steeper

than in the case of the FA on the "

3rd phrase and the order AB.
Ceterls paribus, a rather flat
declination line indicates openess
and/or prominence on the final
part of the utterance. (Note that
we do not necessarily plead In
faver of a declination line as the
decisive "underlying entity"; It
merely seems to be the most con-

venient way to sum up the tralts
in common.)
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. "The prediction

5. FINAL DISCUSSION
We have found that one order
can be better discrimlnated than

. the other one; this was called the

"prominent order”. Phonetic/
psychoacoustic reasoning lead us
to the conclusion that in the pro-
minent order, the second stimulus
is more prominent than the first
one. The concept of "prominence"
is the link to the marking of the
FA in natural speech. The Fo
contour of the prominent stimulus
in the OE material can be com-
pared with the Fo contour of the
FA of the third phrase {n the
natural material. As for the rises,
the interpretation is straightfor-
ward. Phonetic, linguistic, and
psychoacoustic factors cannot be

‘told apart. For the falls, some

additional assumptions have to be
made that can be summarized
under the heading "perception of
linguistic gestalt”.
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CATEGORICAL, PROTOTYPICAL AND GRADIENT
THEORIES OF SPEECH: REACTION TIME DATA
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ABSTRACT

How do we make phonetic decisions?
Categorical, prototypical, and gradient
theories were tested using the times to
identify a /sa/-/sta/ continuum created by
inserting varying amounts of silence into
a /sa/ syllable or deleting silence from a
/sta/. The gradient model requires 6-8
times as many parameters as the others,
and so is difficult to compare. Two
variants of a prototypical model and a
simple categorical one accounted for
some of the variance in the reaction
times, but a modified categorical model
with the same number of parameters
accounts for more. In identification, it
seems that all unambiguous syllables
elicit identical reaction times, but
syllables farther from that range elicit
increasingly longer times.

1. INTRODUCTION

When we listen to speech, we are
exposed to a great deal of variation in
the acoustic waveform, much of which
we accept with ease. How is it that we
can hear these unique acoustic events
and yet extract a few categories from
them? Early studies of categorical
perception (e.g., [1]) proposed that
acoustic variation was not even
perceived. Reaction time data from
Pisoni and Tash (3] seemed to confirm
this notion for plain identification. For
those stimuli within a phonetic category,
identification times were the same.
However, for same/different judgments,
physically identical tokens were judged
the same faster than ones that differed
within the category. They interpreted
this finding as evidence that different
levels of processing are available to
different tasks.
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Another theory assumes that phonetic
continua are evaluated in relation to
phonetic prototypes [4]. In Samuel’s
account, phonetic decisions should be
easiest when the prototypical value is
used, and increasingly less easy as the
acoustic distance between the stimulus
and the prototype increases.

Other explanations of phonetic per-
ception depend on the combination of
gradient acoustic parameters. Massaro
and Cohen [2], for example, compute
phonetic decisions from interactions of

two acoustic parameters. They have lit-

tle to say about experiments with only
one factor, however, so their theory will
not be elaborated on here.

The present study will test the
prototypical model against an extended
categorical model in explaining
identification times. The extension to
the categorical model is that of an
ambiguous region, rather than just
single boundary between categories.
Such an extension is necessary to
account for the fact that there ar
ambiguous stimuli that subjects can
report as being ambiguous, rather than
hearing the stimuli first as one category
and then as another. Such a modification
reduces but does not eliminate the
differences between the models.

2. EXPERIMENTAL METHOD

2.1 Stimuli.

A male native speaker of American
English recorded several tokens of the
nonsense syllables /sa/ and /sta/. These
were low-pass filtered at 10 kHz and
digitized at 20 kHz on the Haskins PCM
system [5]. One token of each syllable
was selected, with each having the same
duration in the fricative noise and in th¢

Ambiguous "SA’
e~
@0 61
=
0
g_g 501 —8— "SA" Responses
:5 g ———4— "STA" Responses
[\ ]
@
S8
Ambiguous "STA' I
T T T T T T T T T T
0 6 1218 24 30 36 42 48 54 60 66 72 78

Gap Size (ms)

Figure 1: Identification times averaged across 10 subjects.

vocalic segment. (160 and 240 ms
respectively). A continuum of gap
closures was made by inserting silence
between the noise and the vocalic
segment for /sa/. The original silence
and the burst were removed from /sta/
and replaced as in /sa/. The values
ranged from O to 78 in 3 ms steps,
yielding 27 values; with two sources,
there were 54 unique tokens.

2.2 Subjects

The subjects were 10 Yale
undergraduates who were paid for their
participation.
2.3 Apparatus

The stimuli were recorded onto audio
tape and played to the subjects over
headphones. Their judgments as to
whether the syllable was "SA" or "STA"
were made by pressing a button, which
generated a signal that stopped a clock
on an Atari computer, giving the
reaction time. Times were assessed from
the onset of the vocalic segment, not
from the onset of the syllable so that the
times would not directly vary with
stimulus duration.
2.4 Procedure,
¢ A tape containing twenty exemplars of
the stimuli was played to familiarize the
subjects with the kinds of judgments
they would have to make. Then four
blocks, each containing five repetitions
of each of the 54 stimuli, were pre-
seated. Each block, which had a differ-
ent randomization of the stimuli, began
with four "warm-up" stimuli which were
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not included in the analysis. A brief rest
period was given between blocks.

3. RESULTS AND DISCUSSION

An analysis of the reaction times
showed that the subject variances
increased as the mean time increased,
suggesting a log transform. All further
times, though reported in ms, are means
of the log values. An analysis that
included block and source (original /sa/
or original /sta/) as factors revealed no
effect of block, and an effect of source
that was the same for both "s" and "st"
judgments (the /sta/ source gave slightly
faster times). Therefore, further analyses
collapsed across these two factors.

It was desirable to eliminate mistaken
responses, but the subjects had no way
of indicating whether a response was the
one intended or not. Instead, "isolates”
were excluded. These were responses
that were separated from a region of
judgments by one or more gaps with no
responsss of that category. Thus one
subject might have "s" responses at the
48 ms gap that would be included in the
analysis (since gaps 45 and lower also
had "s" responses), while another might
have such a response excluded (since at
least the 45 ms gap received no "s"
responses). Isolates accounted for 1.1%
of the data. Figure 1 shows the reaction
times averaged across the 10 subjects.

The models were tested by examining
how much of the possible variance they
could account for. The variance of the
individual times in relation to the overall
mean established the minimal level for a
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Models gencrated for the first subject’s data (also presented).

model to attain, while using the mean
for each judgment for each gap duration
established the maximal level. (Since
only one acoustic parameter was varied,
this maximal description is essentially
what would be proposed by a gradient
theory, such as Massaro's fuzzy logic
model.) The minimal model thus had
two parameters (the overall mean for
cach response), while the maximal
model would have between 27 and 54
(since the ambiguous regions could
overlap), though the average was 39.9.

Figure 2 shows the four models that
were generated for the first subject. (All
the modelling was done for each subject
individually.) The categorical model
was generated with the five parameters:
s-boundary (that is, the upper limit of
gap values at which 95% of the
responses were "s"), the st-boundary
(the lower limit of gap values at which
95% of the responses were "st"), the
mean times for the "s" region and for the
"st” region, and the mean time for the
ambiguous region (which included non-
isolate "s” responses in the "st" region
and "st" responses in the "s" region). In
the modified categorical model], the time
for the ambiguous responses was
calculated from two parameters, a linear
interpolation from the edge of the
unambiguous region through the mean
time for the ambiguous stimuli,
temporally located in the center of the
ambiguous region.

The prototypical model was generated
by taking the fastest time for stimuli of
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any gap duration as the interpolation
value for the continuum endpoints, with
the other value being the mean of the re-
sponses to ambiguous stimuli (tem-
porally located in the middle of the
ambiguous region as in the modified
categorical model). The modified proto-
typical model (which more closely re-
sembles Samuel’s) used the location of
the fastest time as the definition of the
subjects prototype. Values were then
interpolated through the ambiguous re-
gion as before, and values toward the
endpoints were interpolated with a mir-
ror image of the pattern.

Figure 3 shows the percentage of
possible variance accounted for by the
four models. Since the range of
"possible variance” was defined by two
more models, it was possible to do
worse than the minimum. For two
subjects, this was in fact the case for al
four models. Subject 5 had very litie
variation across the gap durations, and
had very long times in general (about
two standard deviations above the group
mean). Subject 7 had a very small s
range (i.c., only the 0 ms gap), and
actually had faster times for ambiguous
"st" judgments than for unambiguous
ones. Stll, for 9 of the 10 subjects, the
modified categorical model performed
better than the modified prototypical
one. An analysis of variance was
on the percentages shown in the figur,
with the factors of type (Cﬂfe.gm_“l
or prototypical) and modificatiol
(modified or not). While type was ndt
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Figure 3: Performance of the four models for the ten subjects. Some of the symbols
for the unmodified models are hidden by symbols for the modified ones.

significant as a main effect (F(1,9) 1.49,
n.s.), modification was (F(1,9) 9.38, p
<.05), as was the interaction (F(1,9)
8.86, p <.05). As is apparent, only the
modified categorical stands out from the
others (by a Newman-Keuls post-hoc
test).

Since the simple categorical model
had one more parameter than the simple
prototypical one, comparisons between
those two models are somewhat
problematic. Both modified models,
however, required six para-meters,
putting them on an equal footing.

This does not exhaust the possibilities
for modelling the data, of course. One
further modification of the prototypical
models would be to allow the
interpolation to be parabolic rather than
linear. Though ininally appealing, such
a modification would make it very
difficult to tell the prototypical model
from the categorical--perhaps giving us
a benign ambiguity. It may also be that
there is a floor effect on the reaction
times. Perhaps the times in the
unambiguous regions were subject to,
say, a mechanical limitation, so we
might have found a more prototypical
pattern if the limitation were
cngqvenzcg.adlt is possible that a fast
repetition (shadowing) paradigm might
be useful here. P gn e

For the present results, however, it
appears that the best model is the one
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that assumes that all unambiguous
judgments are equally easy, while more
difficult (due to ambiguity) ones become
increasingly so the greater the distance
from the category region.
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INFLUENCE OF NEGATIVE INTENSITY GLIDES ON THE
DISCRIMINATION OF SPEECH SEGMENT DURATION

Y. Nishinuma & S. Santl
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CNRS R.U.A. 261, 13621 Aix-en-Provence, France

ABSTRACT

The discrimination of duration was
investigated using synthetic vowels
containing negative intensity glides
(0 dB, -6 dB, -12 dB, and -18 dB).
Test stimulus durations ranged from
100 to 300 ms in steps of 20 ms. The
standard stimulus was 200 ms in du-
ration and had a stable intensity.
Stimulus pairs were presented to 20
subjects (constant method) and their
task was to state which vowel in the
pair sounded longer (forced choice).
Results indicate that a drop in in-
tensity of more than 12 dB has a
significant effect on the perception of
duration, and thus on its discrimina-
tion.

1. INTRODUCTION

The prosodic analysis of speech,
which consists of interpreting acous-
tic parameters such as duration,
fundamental frequency, and inten-
sity, is not an easy task. Two rea-
sons for this are that (1) these factors
are not independent in human per-
ception and (2) they vary as the
speech signal evolves in time (within
a syllable, a word, a clause, etc.). It
is known that the perception of pitch
variations depends upon their dura-
tion [11). Furthermore, the melodic
contour of segments with negative
and positive intensity glides are per-
ceived differently [13].

However, we know little about the
interaction between dqration and i
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ntensity in speech. In particular, the
influence of intensity variations on
the ability to discriminate the dura-
tion of speech sounds has not been
experimentally documented. This
problem came up in our previous
study, which investigated the differ-
ential threshold of syllable duration
in a sentence context [8]. Duration
discrimination was found to be sig-
nificantly less accurate on the final
syllable than on preceding syllables.
The same tendency was observed in
Klatt and Cooper's data [7], which
show a higher threshold for fricatives
at the end of sentences than in other
locations. This led us to raise the
question of whether a drop in in-
tensity (-16 dB in our case) on the fi-
nal syllable of a sentence would
make it difficult to correctly perceive
that syllable's duration. An experi-
ment carried out to verify this hy-
pothesis is reported below.

2, EXPERIMENT

Klatt's formant synthesizer was used
to generate stimuli for the perception
test [6]. The goal was to obtain
speech-like stimuli which varied in
both duration and intensity.
Negative intensity glides were used
to approximate the final syllable of
declarative sentences.

The material was designed to be
used in a psycho-acoustic test
based on the constant method. The
standard stimulus was the vowel /a/
with a duration of 200 ms (an aver-

age syllable length) and a stable
intensity of 80 dB. The test stimuli
were synthesized with durations
ranging from 100 ms to 300 ms in
20 ms steps (for a total of 11 differ-
ent durations). Four linear intensity
glides were utilized: 0dB, -6dB, -
12dB, and -18 dB. The fundamen-
tal frequency contour was the same
for all stimuli. A slight lowering of
pitch from 140 Hz to 130 Hz made
the stimuli sound natural. The
standard stimulus was paired with
each of the test stimuli. The two
vowels in each pair were separated
by a silent pause lasting 600 ms.
The interval separating one pair
from the next was three seconds.
Both within-pair orders were used
(standard-test, test-standard). Each
pair occurred four times. Thus, the
total number of pairs was 352 (11
durations x 4 intensity glides x 2
stimulus orders x 4 repeats). Stimuli
were generated in random order by
a computer and recorded on a digi-
tal audio-tape. A trial series of 22
pairs was added to the beginning of
the test sequence. A short beep
followed by a five second silence
was inserted every 22 pairs.

The perception tests were carried
out in a soundproof room. Twenty

subjects were tested individually,
each in a single trial lasting 20 min-
utes. The listening level of the stan-
dard stimulus leaving the head-
phones was set at approximately
70 dB SPL. The written instructions
to the subjects were as follows: "You
are going to listen to many pairs of
vowels /a,a/. For each pair you
have to ask yourself the following
question: Which of the two vowels is
longer, the first or the second? Even
if the intensity changes, please
judge only the duration.” The sub-
jects responded by checking the ap-
propriate answers on a forced-
choice answer sheet.

3.RESULTS AND DISCUSSION
An analysis of variance on the data

- yielded a significant ditference be-

tween subjects (F(19,351) = 36.84,
p < 0.001). This means that each
subject had his or her own strategy
to carry out the task. In addition, as
expected in this kind of psycho-
acoustic test, the order in which the
stimuli were presented affected the
subjects’ behavior (F(1.351) = 5.6, p
< 0.001). Variations in the intensity
tactor also produced significantly
different scores (F(3,351) = 168.97, p
< 0.001). Note however that neither
the repeat factor nor the response
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Figure 1. Duration threshold as a function of intensity glide
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category (which member of the
paircategory (which member of the
pair was perceived as longer) had a
statistically significant effect.

In order to compute the mean
threshold (for the 20 subjects
pooled) we interpolated the value for
the duration at the 75% correct
answer level by summing the four
repeats per subject. This mean was
calculated for the two stimulus
presentation orders, two response
categories, and four intensity glides.
The averages of these values are
shown in Figure 1 and Table 1.

The threshold turned out to be
proportional to the magnitude of the
intensity glide. In other words, as
the intensity glide became steeper,
the detection of duration became
less and less accurate. This effect
on the discrimination of duration is
clearly shown by the progressive
increase in the means and standard
deviations shown in Table 1. The
difference between the stimulus with
the steepest drop (-18 dB glide) and
the stable intensity stimulus (no
glide) exceeds 7%. Interestingly, the
T-test on the data for the first two
intensity glides (0 dB and -6 dB)
did not yield any significant
dnffergnces. Apparently, a 6 dB
drop in intensity does not lead to
difficulty in detecting the correct
duration. In contrast, the stable vs. -
12 dB difference (t19) = 4.14, p <
0.001) and the stable vs. -18 dB
difference (t(19) = 5.36, p < 0.001)
were both highly significant. It is
noteworthy that our resuits indirectly
support those obtained by Rossi
{13], who estimated the intensity

glide threshold to be 0X

11 dB for a vowel lasat?n%r 2&%&::2
The observed change in the way
intensity information is processe
seems to depend on whether or ny
the intensity decreases beyond thy
critical value, although we do ny
know precisely where in our auditory
system that change occurs.

This tendency is even more appar
ent if we consider stimulus presen
tation order. For the standard-sg
order, it can be hypothesized thy
subjects pay attention to the duration

of the final syllable, which hasy

negative intensity glide in this exper-
iment. The computed threshold va
ues were 220 ms, 230 ms, 233 ms,
and 235 ms, for 0 dB, -6 dB, 1243,
and -18 dB, respectively. Thi
indicates that when the penultimats
syllable measures 200 ms and hasa
stable intensity, final syilables with
intensity glides of 18 dB may haw
to be longer than 235 ms.

However, this hard and fast interpre:
tation may need some qualification
due to one peculiarity of this exper:
ment. In comparison to the results
published in psycho-acoustic stud
ies using speech sounds, out
threshold value at 200 ms is re
markably (even excessively) precise
(1%, or 2 ms; cf. Figure1 and
Table 1). For a standard stimulis
duration of about 200 ms, the re
ported threshold values fall between
8% and 30%. These expsriments
used several standard stimulus di-
rations ranging from some ten mi
liseconds to several hundred mi
liseconds [1, 2, 3,5,7,9, &12} b
our experiment, all 352 stimulus

Table 1. Duration threshold as a function of intensity glide

Intensity glides Mean threshoid Standard deviation N
0dB 202 10 80

-6 dB 206 14 80
-12dB 216 16 80
-18 dB 217 22 80
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pairs had a 200 ms vowel (the only
standard duration used), with a ‘Igvel
intensity in first or second position.
This may have overexposed
subjects to that particular duration,
causing better performance. There-
fore, the duration threshold defined
here, (i.e. as a function of intensity
glide) should be used in conjuction
with those obtained under normal,
stable intensity conditions.

4. CONCLUSIONS

This study has provided some
experimental evidence of how well
we hear at the end of declarative
sentences. The results of our
perception tests demonstrated that
the discrimination of duration may
be significantly deteriorated by a
progressive decrease in intensity of
more than ten decibels. Our resutlts
may have some implications for the
interpretation of prosodic data at the
sentence level.
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AMPLITUDE AS A CUE TO WORD-INITIAL
CONSONANT LENGTH: PATTANI MALAY

Arthur S. Abramson

The University of Connecticut and
Haskins Laboratories

ABSTRACT

Word-initial Pattani Malay consonants are
short or long. The closures of the “long”

consonants are longer than those of the
“short” ones; this is a sufficient cue for

tion, but in voiceless plosives the du-
ration of the silent closure is audible only
after a vowel, yet listeners label such
isolated words well and so must use other
cues. The peak amplitudes for the first
syllables of disyllabic words are greater for
initial long plosives. In this study, incre-
ments of closure duration and amplitude
were pitted against each other for original
short plosives and decrements for original
long plosives. In tests, duration was by far
the more powerful cue, although amplitude
did affect the category boundary. By itself,
however, amplitude is a weak cue. Further
work is planned on the possible role of the
shaping of the amplitude contour.

1. INTRODUCTION '

Many languages are described as
having a phonological distinction of
length in vowels or consonants, or even
both. If the term is taken literally, we
would expect to find that the underlying
mechanism is control of the relative
timing of the articulators. Even so, a
single mechanism might have a number
of acoustic consequences, each of
which could help in perception.

Pattani Malay, spoken by about a
million ethnic Malays in southern Thai-
land, is unusual not only in having a
length distinction for consonants in
word-initial position but also in having
one that is relevant for all phonetic
classes of consonants in that position-
[3). Here are some minimal pairs of
words showing the contrast:
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[labo/
/make/
/bule/
/katoz/

‘to profit’ /Labo/
‘toeat’  /muake/
‘moon’  /buule/
‘to strike’ /kiato?/

‘spider’
‘eaten’
‘months’
(ﬁog’

If, indeed, the crucial aspect of the ar-
ticulatory gesture is the duration of the
closure or constriction, for pairs like the
first two it would not surprise us to find
that the length distinction is quite dis-
cernible whether in utterance-initial or
intervocalic position. But what about

the stop consonants, especially the

voiceless unaspirated stops of the lan-
guage? The voiced stops do have voic-
ing lead, so if you are close enough, you
can hear short or longer stretches of
glottal pulsing during the occlusion.
The occlusions of the voiceless stops,
however, are silent.

In earlier work [2], I presented
acoustic measurements of closure dura-
tions for the language, showing that the
putative length categories are well sepa-
rated by duration. Of course, the voice-
less stops could not be measured in ut-
terance-initial position. In another study
[1], I demonstrated, by systematically
increasing the durations of short
closures and decreasing the durations of
long closures, that this featur¢ is a suffi-
cient and powerful acoustic cue for the
perception of the distinction.

As for the voiceless stops, it was
conceivable that the two categories
were auditorily distinguishable in
medial position only. This turned out
not to be so in my control tests with
unaltered words. Doing only slightly
worse than with the other classes of

consonants, native speakers rather
accurately identified short and long
voiceless stops in isolated words.

Among the various plausible acoustic
effects of the mechanism, the most
likely for the largely disyllabic words
invoived, was the peak amplitude of the
first syllable relative to the second.
Indeed, measurements {2] revealed that
this ratio is greater for long plosives,
that is, both stops and affricates. Pre-
umably, ter air pressure accumu-
;ated gehg::; the occlusion before
release accounts for the differences.
Although both voiced and voiceless
plosives showed a significant differ-
ence, the level of significance was
higher for the latter. No doubt, this is to
be explained by differences in glottal
impedance: of the airflow. The
\difference is not significant for the con- -
‘tinuants.
2.PROCEDURE

This paper is a progress report of my
test of the hypothesis that the peak
amplitude of the first syllable relative to
the second in disyllabic words is a suffi--
cient cue for the perception of the dis-
tinction between short and long voice-
less stops in Pattani Malay. For my ma-
jor experiments, as part of an interest in
combinations of phonetic features
underlying the same ‘phonemic
idistinction, I have pitted variants in
|duration and amplitude against each
other to determine their relative power.

2.1, Control tests :

Although the identifiability of initial
short and long consonants had been
demonstrated [1], it seemed desirable
also to do control tests for the
recordings of my new speaker for this
study. For each of seven minimal pairs
©of words I prepared a test containing 20
tokens of each of the two words,
yielding 40 randomized stimuli. There
were two such randomizations for each
word pair. The nasal, lateral, fricative,
and plosive categories were represented.
The plosives included voiced and
voiceless stops and voiceless affricates.
(Unfortunately, my only pair of voiced
affricates included a word, as I learned
later, that would have embarrassed the
women among the subjects, so I could
Dot use that test.) The subjects were 30
jundergraduate students, all native,
ispeakers of Pattani Malay, at the Prince
of Songkhla University, Pattani,’
Thailand. '
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2.2. Amplitude vs. duration

To test for the relative power of
amplitude and duration, three pairs of
words with velar, dental, and labial
short and long stops respectively were
used. All of them were recorded at the
end of the carrier sentence /dio kato/ ‘he
said.” By means of the Haskins
Laboratories Waveform Editing and
Display System (WENDY), the stop
closure of the short member of each pair
was lengthened in 20-ms steps until it
reached or exceeded the duration of its
long counterpart. The closure of the
long member was shortened in the same
way. The first syllable of each variant
of the original short stop was increased
in amplitude in five 2-dB steps.
Likewise, the first syllable of each
variant of the original long stop was
decreased in amplitude in five 2-Db
steps. Two test orders were recorded’
from randomizations of two tokens each
of all the resulting stimuli and played to
30 native speakers for identification of
the key words.

2.3. Amplitude in isolated words

The perceptual efficacy of amplitude
without help from closure duration was .
tested by taking all the amplitude vari-
ants from the original short and long
forms of one of the word pairs in
section 2.2, Two test orders were
recorded from randomizations of four
tokens of each stimulus and played to
30 native speakers.

3. RESULTS

3.1. Control tests

The previously demonstrated identi-
fiability of the utterance-initial conso-
nants [1] was reaffirmed. The major dif-
ference is that the voiceless long af-
fricates in this sample were labeled cor-
rectly 96% of the time, whereas in the
last study it was just above chance at
55%.

3.2. Amplitude vs. duration

Because of the limitation on space,
the results of only two of the
experiments are given here. Figure 1
‘gives the responses of 30 native
speakers to nine durations in 20-msec
steps of the [k]-closure in /kamen/
{‘goat’ combined with six amplitude
levels in 2-dB steps. The vertical axis



shows the percentage identification as
short /k/. The earlier crossover of the
higher-amplitude curves at the 50%
point to the long-/K:/ category, giving
judgments of /kiamery/ ‘goatlike,’ is

highly significant [F (40, 1160)=9.0, p
< .001]; nevertheless, the values of
duration at the short end are very little
affected. The opposite procedure,
shortening original long /k/ and

lowering the amplitude, yielded similar
results, as shown in Figure 2. The

results are essentially the same for
other two places of articulation,

3.3. Amplitude in isolated words

In Figure 3 both the short and long
responses are plotted for increments of
amplitude on original /pagi/ ‘morning,
While the two curves converge, the.y
never cross each other. Figure 4 shoy
rather similar effects for decrements of
amplitude combined with isolateq
tokens of /p:agi/ ‘early morning.’

kamen > kzameq

100 -

Fig. 1. Responses to /kamern/ ‘goat’ and its variants with increased closure

duration and first-syllable amplitude.
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Fig. 3. Responses to isolated /pagi/

‘morning’ and its variants with

increased first-syllable amplitude.
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Fig. 4. Responses to isolated /p:agi/
‘early morning’ and its variants with
decreased first-syllable amplitude.

4. CONCLUSION

It is clear that when both features are
present, duration is dominant; neverthe-
less, the boundary between the two per-
ceptual categories is significantly af-
fected by relative amplitude. In utter-
ance-initial position, however, relative
amplitude is only a weak cue,
apparently secondary to something else.
_To understand how the length dis-
tinction is perceived in uitterance-initial
voiceless plosives, perhaps further work
should be done on the possible role of
the shaping of the amplitude contour.
That is, maybe a finer analysis of utter-
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ances and a more complicated making
of stimuli will show, for example, that
the rise-time of the amplitude carries
more weight than the peak value, or that
the two work together. Indeed, a very
preliminary look at this time suggests
that the rise time is shorter in the
production of the long stops. Also, it is
possible that the major amplitude
difference is confined to the region of
the release burst. Other features that
have not seemed promising so far, such
as fundamental frequency and rate of
formant transitions, may have to be
examined more closely too.
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TESTING SUBPHONEMIC PERCEPTION PROCESSES IN CHILDREN
SUSPECT FOR AN AUDITORY DISORDER
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ABSTRACT
Currently available speech perception
tests provide insufficient insight into
type and cause of an auditory proces-
sing disorder. The paradigm of catego-
rical perception which discriminates
an auditory- and a phonetic stage,
combined with the idea of reducing
redundancy of speech stimuli in order
to have access to speech processing,
enables us to develop a new tool for
fine-grained assessment of central
auditory pathology. By now, the first
steps have been taken in the develop-
ment of the test consisting of a series
of experiments on verbal dyspraxic
children, reading and spelling disorde-
red children and children with a seve-
re history of otitis media.

1. INTRODUCTION

Several categorical perception studies
on auditory perceptual behaviour in
groups of children with a specific
speech- or language disorder have
shown a deviant response pattern as
compared to a normal control group.
Auditory processing disorders, without
there being a hearing-loss according to
tone- and speech-audiogram, have
manifested themselves in a delayed
speech- and language development.
Currently available speech perception
tests, generally containing tasks based
on monotic measures (e.g filtered
speech, competing signals), dichotic
measures (e.g. syllables, words, senten-

ces) or tests of binaural functionaliy
(e.g. binaural fusion, rapidly alterns
ting speech) give insufficient insigh
into type and cause of such a disorder.
This article concerns the first steps in
developing a new tool for fine-grained
assessment of speech perception pro-
cessing.

The paradigm of categorical percept:
on provides for the base of a more
sensitive and analytical test. According
to this paradigm, a continuim of
speech stimuli covering a phonologicd
contrast is constructed by digitaly
manipulating a single acoustic cue.
The central idea is that perceptul
boundaries arise along the physical
continuiim, with qualitive resemblar
ces within each category and qualitive
differences between them or in &
more modern psychophysic sense [2)
there is a quantitative discontinuity i
discrimination at the category bound
ry, as measured by a peak in discr
minative acuity at the transition region
of adjacent categories.

Two starting-points for research are of
interest. Firstly, the speech perception
model of Pisoni and Sawusch [}
which differentiates between a pré
categorical or auditory stage and &
categorical or phonetic stage, plays &
important role. During the first, &
ditory stage, listeners take in shor
stretches of the raw acoustic sigil

102

and make a preliminary auditory ana-
lysis. No speech segments have yet
been identified. In the second, phone-
tic stage listeners examine their audi-
tory memory and combine the acous-
tic cues to form a phonemic repre-
sentation. This stage preserves the
nature of the identification but does
not preserve the acoustic cues upon
which it was based.

By comparing identification and dis-
crimination  performance  (labeling
words and telling them apart) we can
derive the level of the auditory disor-
der. Discrimination scores can be pre-
dicted on the base of identification
scores [4]. Assuming that the listener

bases discrimination judgements only.
on phonetic information, the observed’

discrimination scores should corres-
pond to the predicted ones. If the sub-
ject has access to auditory precate-
gorical information, the discrimination
scores should be higher than the pre-
dicted scores.

Secondly, we assume that a speech
perception problem may be caused by
a neurological reduction of the redun-
dancy of the auditory processing sy-
stem [1] which we call the internal
redundancy of the perceptual system.
During speech perception there has to
be a considerable reduction of the
internal redundancy before stimuli
with their normally high external re-
dundancy (which is implicit in the
normal structure of the acoustic
speech signal) cannot be identified
anymore. The conclusion is that the
external redundancy must be reduced
such that the speech perception test
becomes more sensitive to small re-
ductions of the internal redundancy.

Exactly this occurs in constructing a
speech-continuiim, a word (one end of
a phonological contrast) is transfor-
med to another (other end) bij syste-

matically decreasing and increasing
the salience of the acoustic cue.

A speech continuiim will contain sti-
muli which do not discriminate be-
tween normal and pathological groups.
In order to maximize the efficiency of
the testprocedure and to minimize
effects of response bias these stimuli
can be eliminated out of the test. Only
the critical stimuli, the stimuli which
are as sensitive to account for diffe-
rences between normal and deviant
children will be included in the final
test. Sensitized speech stimuli can be
singled out of stimuli near the phone-
meboundary.

2. PROCEDURE

By now the first steps in developing
such a sensitized perception test are
being carried out. We examine scores
on tests where two acoustic cues are
systematically varied: VOT (/bak-pak/,
i.e. BOX-PACKAGE) and place of
articulation, second and third formant
transition (/bak-dak/, i.e. BOX-
ROOF).

Three experimental groups are tested:
- verbal dyspraxic children aged
between 6 and 11 years. These chil-
dren show dysfunctions in the pro-
gramming of their articulomotoric
organs. We suppose that (a part of)
this group is marked by a central
auditory dysfunction.

- children with reading- and spel-
ling problems, 2 groups; one in the
age of 6-7 years, the other in the age
of 8-10 years. Disordered auditive
functions could be one of the main
causes of the problems.

- children with a severe history
of otitis media with effusion (OME) in
the early childhood (aged round 2
years). At the time of testing they are
6-8 years of age. Due to temporary
conductive hearing-loss these children
show disorders in their auditory deve-
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lopment. We take interest in the ex-
tent in which the central auditory
functions are affected. Our experimen-
tal design is based on a division into 4
groups: a) Children with an OME-
history and with a delayed speech-
and language development, b) Chil-
dren with an OME-history and wit-
hout a delayed speech- and language
development, c¢) Children without an
OME-history and with a delayed
speech- and . language development
and d) a control group children wit-
hout an OME-history and without a
delayed speech- and language deve-
lopment.

3. RESULTS

At the time of writing this paper only
the data of the verbal dyspraxic group
have been fully analyzed. For, at this
time, lack -of data of a control group
we shall present in this paper some
examples of identificationcurves of the

Percent D

place-of-articulation continuim /b-d/
of a male adult without hearing pro-
blems or a delayed speech- or langua-
ge development with a normal respon-
se pattern and a verbal dyspraxic child
with a abnormal response pattern
(figure 1). Co

Remarkable is the less steepness of
the slope of the curve of the verbal
dyspraxic child compared to the adult.
We interpret this as a less consistent
labeling ability, pointing towards a
processing dysfunction at the phonetic
level. In figure 2 the corresponding
discriminationcurves - are presented.
Again there is a difference between
the verbal dyspraxic child and the
adult; the ability to discriminate is less
in the verbal dyspraxic child. Further-
more the overall form of the discrimi-
nationcurve doesn’t agree with the fo-
neemboundary found in the identifica-
tioncurve.

) 90 + —=- Verbal dyspraxic
’ —— Normal adult
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Figure 1.

Identificationcurves of a normal hearing adult ahﬁ a

verbal dyspraxic child (dotted line).
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Figure 2.

Discriminationcurves of a normal hearing adult and a

verbal dyspraxic child (dotted-line).

Taken together, this verbal dyspraxic
child shows a disordered auditory
stage (less discriminative power),
followed by an inadequate functioning
of the phonetic stage (less steep slope,
shifted phoneemboundary), partially
an effect of the malfunction in the
auditory stage.

If we take the group verbal dyspraxic
children as a whole, there’s a great
variability in scores suggesting 'thc
possibility of dividing the group in a
number of verbal dyspraxic children
having speech processing problems
and a number of verbal dyspraxic
children showing no central auditory
dysfunction.

~ More elaborated analysis of the expe-

rimentai groups, yet unavailable, will
be given at the presentation.
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- THE INFLUENCE OF SPEAKERS’
OWN SPEECH TEMPO ON THEIR
TEMPO PERCEPTION

M. Gésy

Research Institute for Linguistics, Budapest, Hungary.

ABSTRACT
The point of departure for the present
paper is the assumption that the speak-
er's own speech tempo determines his
judgements concerning that of other
people. Experimental results supported
a significant concurrence in tempo per-
ception of ‘extreme’ speakers as op-
posed to ‘moderate’ speakers. A signifi-
cant correlation was found between the
speakers’ comprehension and their own
speech tempo. It can also be claimed
that speakers/listeners judge speech
tempo on the basis of the active levels

of their speech perception mechanism. -

1. INTRODUCTION

Authors of a number of studies agree
that tempo perception is basically de-
termined by three factors: articulation
rate, the number of pauses, and the
duration of pauses [4, 5]. Tempo per-
ception studies are also made difficult
by problems concerning the recogni-
tion, demonstration, and order of im-
portance of a number of other fac-
tors including changes in fundamen-
tal frequency (pitch), average intensity,
word frequency (of occurrence), sylla-
ble structure, rhythmic structure, syn-
tactic properties, etc. [3]. However, very
few attempts have been found in the
literature to deal with the connection
of production and perception in rela-
tion to speech tempo. It is usually pos-
tulated that there should be a very
close connection between the speaker’s
own rate of speaking and his percep-
tion and comprehension with respect
to speech tempo {1, 2]. Can we then
claim that there is a linear connection
between tempo production and percep-

tion, namely: the faster the speaker’s
usual speech tempo the faster his/her
comprehension as well? Does this apply
to tempo perception, too? What are the
criteria of applicability of this rule?

In order to answer these questions,
an experiment containing 4 subtests
has been performed with Hungarian-
speaking native speakers/listeners. The
aim of the experiment was to describe
the effect of the subjects’ own speech
tempo on (i) their tempo perception
and (ii) their speech comprehension.

2. PROCEDURE

Various methods were used for the sub-
tests. (i) For the first experiment nine
speech samples were recorded in ran-
dom order from Hungarian-speaking
native subjects (ages ranged from 25
up to 80). Subjects were selected so
that all categories be represented from
very slow (articulation rate /AR/: 8.85
sounds/s, overall speech rate /OSR/:
7.25 sounds/s) up to very fast (AR:
18.2 sounds/s, OSR: 14.3 sounds/s).
Each speech sample was taken out of
a longer monologue and took 1.5 min-
utes on average. The listeners’ task
was to judge the speech tempo of each
speaker’s sample by means of a ques-
tionnaire. The categories of the ques-
tionnaire were ‘very slow’, ‘slow’, ‘nor-
mal’, ‘accelerated’, ‘fast’, and ‘very
fast’.

(ii) The material of the second test
consisted of 12 artificial, synthesized
sentences (the synthesis was made by a
PCF speech synthesizer controlled by
an IBM PC). The same sentence had
been altered in relation to its overall
speech tempo in two ways: by changing
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the “articulation rate” of the sentence
and by adding one or two pauses at the
appropriate grammatical boundari(es)
of the sentence. The subjects’ task was
the same as in the first subtest.

(iii) 8 sentences announced by
a trained male speaker were chosen
for the third test, and a verification
method was used. The sentences were
speeded up, and their articulation rate
ranged from 20.2 sounds/s up to 24.4
sounds/s. The subjects’ task was to de-
cide whether the sentences they heard
were true or false. The reaction times
(RT) of each subject were measured by
means of a fundamental frequency and
intensity meter with the accuracy of 10
ms.

(iv) The subjects’ spontaneous
speech was tape recorded in the final
experiment. From their recorded 8-10-
minute speech 2-minute samples were

icked out for further analysis concern-
g AR & OSR. The duration and types
of pauses were also examined. Counting
the speech sounds of the speech sam-
ple, the rate was expressed in terms of
sound/s.

After finishing the experiments,
each subject was asked to judge his/her
own average speech tempo according
to the formerly used tempo categories.
The subjects’ sex and age were also
recorded on the same answer sheet.

37 subjects were selected from all
candidates for further examinations.
Three tempo groups were defined: a
group of ‘slow’ speakers, a group of
‘moderate’ speakers and a group of
‘fast’ speakers. Examining the data,
significant correlation was found be-
tween the AR and OSR values of
our subjects ¥p<0.05). 6 subjects were
found to be ‘fast’ speakers in terms of
AR ‘and ‘moderate’ speakers in terms
of OSR: 8o, a fourth tempo category
had to be established consisting of sub-
jects having ‘fast’ AR and ‘moderate’
QSR and this was labelled the group of
‘rapid’ speakers.

3. RESULTS

Figure 1 shows the responses of vari-
ous”groups of subjects for all synthe-
.sized sentences acoording to the possi-
ble tempo categories. The listeners do

perceive the physical changes of sen-
tences. In the case of sentences contain-
ing 1 or 2 pauses, however, the judge-
ments spread along the various tempo
categories. The question is whether
the distribution of tempo perception
is based on the subject’s own' tempo
production. Analyzing the average val-
ues for each sentence of each group,
it can be stated that there are no im-
portant differences among the subjects’
judgements. However, the data of the
three groups are significantly different
at the level of 0.05. This means that
there is a slight but definitive difference
of tempo perception among subjects
with diverse speech tempo production.
The mean values of the judgements
show very constant changes across the
tempo categories. These changes re-
veal more similarity for the ‘slow’ and
‘fast’ speakers than for the ‘moderate’
and ‘rapid’ speakers. There is a signifi-
cant difference in the judgements of the
‘slow’ speakers concerning the category
of ‘accelerated’ tempo as opposed to
the judgements of the other two groups.
‘Rapid’ speakers’ performance shows a
relatively different distribution in rela-
tion to that of the other two groups. On
the basis of these data, a hypothesis has
been developed on the interrelatedness
of the speakers’.own tempo production
and their tempo perception: ‘slow’ and
‘fast’ speakers tend to perceive tempo
similarly to one another while ‘moder-
ate’ speakers do not. ‘Rapid’ speakers
seem to behave perceptually in a way
different from the other three groups.
We also found that the extreme speak-
ers tend to perceive tempo more on the
basis of AR than on the basis of OSR,
so the pauses might not influence their
tempo perception.

Figure 2 shows the responses of
various groups of speakers for the
speech samples used across the possi-
ble tempo categories. Subjects appear
to judge the tempo of the speech sam-
ples according to AR rather than on
the basis 'of OSR. The data show: (i)
There are larger differences among the
tempo categories in each test group
than in the case of isolated sentences,
and (i) the distribution of the judge-
ments does not show a constant trend.
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The number of responses referring to
the ‘moderate’ tempo category is sig-
nificantly different in the case of the
perception of the synthesized sentences
and the speech samples (p<0.05). This
means that people’s perception mech-
anism has grown accustomed to the
tempo changes of human speech and
they are more flexible when judging
it than in the case of one sentence
where the upper levels of the decoding
mechanism should not work, so they
can judge the tempo of each sentence
more accurate to the actual physical
values. The data show again a very sim-
ilar concurrence of judgements made
by the ‘slow’ and ‘fast’ speakers. Sim-
ilar judgements of the ‘slow’ and ‘fast’
speakers were found in all tempo cate-
gories with the exceptions of the ‘fast’
and ‘very fast’ categories. In the case of
these two tempo categories the ‘slow’,
the ‘moderate’ and the ‘rapid’ speakers
judged similarly while the ‘fast’ speak-
ers differed from all the others. The
‘rapid’ speakers show a significant dif-
ference in their judgements from the
other groups of speakers. However, in
some cases their judgements fall close
to the judgements of one of the goups of

speakers. This co-occurrence does not .

show any systematic character:
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The question concerning the anal-
ysis of the reaction times was whether
the subjects’ own speech tempo influ-
ences their comprehension rate. The
following RT values were obtained: in
the case of ‘slow’ speakers 0.46-1.83 s,
in the case of ‘moderate’ speakers 0.62-
1.13 s, in the case of ‘fast’ speakers
0.3-1.15 8, and in the case of ‘rapid’
speakers 0.55-0.7 s. A significant differ-
ence has been found in reaction times
between the various goups of speakers
(p<0.001). There is a strong correlation
between the subjects’ articulation rate
and their reaction times which shows
that if the tempo of speech production
increases the reaction time of the sub-
Ject decreases. However, there are im-
portant differences among the subjects’
reaction times within one group. The
‘extreme’ speakers’ reaction times are
extreme while the ‘moderate’ speakers’
reaction times are not. There are sub-
Jects with fast AR and both with short
and long reaction times; and - simi-
larly — there are other subjects with
slow AR and with both short and long
reaction times. This part of our anal-
ys18 supports again the similar percep-
tual behaviour of the ‘slow’ and ‘fast’
speakers. The largest RT values were
found with the ‘slow’ speakers and the
:fast.’ speakers. The ‘moderate’ and the
rapid’ speakers’ RT values were similar
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to one another.

There is a significant difference be-
tween the RT values of affirmative and
negative sentences with true contents;
however, there was no significant differ-
ence between the same structures with
false contents.

Finally, the subjects’ age, sex, and
their opinion about their own speech
tempo were taken into consideration.
There was a very strong correlation
between the subjects’ objectively mea-
sured speech tempo and their subjec-
tive judgements (p<0.001). We found
that most of our extreme speakers were
male while the ‘moderate’ speakers
were mainly female subjects (p<0.05).
There was no significant correlation
between the subjects’ age and their
speech tempo categories.

4. CONCLUSIONS

~ It had been assumed that the faster
the speaker’s own speech the less fast
he perceives that of others. From this
hypothesis only the basic point of de-
parture was supported by the results
that the speakers’ own speech tempo
really influences their tempo percep-
tion. However, the direction of this
influence shows an interesting pat-
tern involving significantly different be-
haviour for the various groups of speak-
ers. The ‘slow’ and ‘fast’ speakers tend
to behave perceptually similarly while
‘moderate’ and ‘rapid’ speakers tend
to differ from the previous two groups.
The standard deviation of the reaction
time values show the same concurrence
for the ‘slow’ and ‘fast’ speakers and for
the ‘moderate’ and ‘rapid’ speakers.

— It has been supported that tempo
perception depends primarily on ar-
ticulation tempo. However, according
to our findings, speakers/listeners per-
ceive tempo significantly depending on
the activated levels of their whole per-

ception mechanism. If the upper Jev
els of the speech perception meclianis:
do not play any role in the setual per.
ception process, the tempo judgement
(a) are closer to the actual pliysi
parameters of the speech sample an
{b) do not show big differences 4
the speakers having various own $
tempi. If the higher levels also partici
pate in the decisions then other
{contents of the speech samples, artic
ulation of the speaker, lexicon of thé
speech sample, timbre, types of hesi
tions etc.) also play an impoctant role
— On the basis of the significant ¢
ferences in perception and comprehen
sion of various groups of speakers, w:
assume that various ways and
systems should exist for the intersc
tions between the Righer and lower le
els of the speech perception mechanis
determined by the temporal organi
tion of the speakers’ speech
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ACCOUNTING FOR THE REFLEXES OF LABIAL-VELAR STOPS

Bruce Connell

Phonetics Laboratory, University of Oxford

ABSTRACT

This paper presents a phonetic
description, summarizing evidence drawn
from different instrumental techniques, of
the voiceless labial-velar stop as it occurs
in Ibibio, one of the Lower Cross
languages of SE Nigerial. The description
is then drawn on to offer an account of the
variety of reflexes attested for labial-
velars, both within Lower Cross and
elsewhere. Important characteristics are
that a) that the timing of the two
articulatory gestures involved is
asynchronous, and b) that the degree of
asynchrony, as well as other aspects of
their articulation, is variable, both across
and within speakers. Recognition of this
variation is the key to understanding the
associated diachronic developments.

1. INTRODUCTION
1.1. Descriptions of Labial-velars
Labial-velar stops are relatively rare
in languages of the world (cf. Maddieson
[9]) and have received scant attention in
the phonetic literature.  Instrumental
phonetic analyses have been presented by
Ladefoged [8], Garnes [7] for Ibibio, and
by Dogil [5] for Baule. Painter [11] also
g1vcs_s<l)n:ie e;dliiicu;m labial-velars in
an article g primarily with eal
mechanisms, Ward [14] for Efik]a;yrescngnts
kymograph tracings of [kp], but no
systematic analysis, and finally, Ohala
and Lc_)rcntz [10] present a general
discussion of phonetic characteristics of
lablal-\_relar articulations, though without
focussing on stops. In this paper, I

! Ihibio is the largest of the Lower Cross group,
Niger-Congo languages which are spoken mainly
in Akwa Tbom and Cross River States of SE
:‘;u;m Connell 3] provides an overview of the

summarize the results of a set of
instrumental investigations that have been
conducted on Ibibio [kp], and then use
these results to attempt to account for the
variation in reflexes found for labial-velar
stops where diachronic change has
occurred.

Apart from instrumental work,
impressionistic descriptions of articulatory
and auditory characteristics labial-velar
stops can often be found in the Africanist
linguistic literature. Generally, the labial
and velar articulations are said to be
simultaneous (e.g., Westermann and
Ward [15]. Other than this, Ladefoged's
[8] remarks (p. 12) in comparing labial-
velar stops to velarized labials [p¥, b¥],
and that they have a tendency to impart a
labialized quality to following vowels,
emphasize the possibility of perceptual
confusion with labials, and Ohala and
Lorentz [10] have provided acoustically
based explanations for these tendencies.
Comparisons have also been made to
labial implosives by Ladefoged [8],
Pginter [11], and by Elugbe [6], who sees
this as a general characteristic of labial-
velars in the Edoid languages. Bearth
and Zemp [1] describe the labial-velar
stops of Dan as having "strong bilabial
implosion", and Puesch [12] reports a
voiced implosive labial-velar for Bekwil.

1.2. Diachronic Developments

The earliest account of diachronic
correspondences of labial-velar stops in
the literature is found in Westermann and
Ward [15], who cite evidence for sound
change that, "where kp or gb are
weakened, it is the labial element which
d1sapppaxs and the velar element remains,
sometimes reduced to x or y" (p. 58).
Elsewhere in the text (p. 108),
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correspondences are presented from the
Nupoid languages Gbari and Nupe, and
also from Bari and Kakwa (k¥ ~ kp, g% ~
gb in both cases) which to some extent
confirm their conclusions. However, it is
no difficult task to find instances of sound
change involving labial-velars where it is
the labial element which survives. It is
probable that the velarized voiced labial
implosive of some dialects of Igbo is a
reflex of Proto-Igboid *gb. In the Lower
Cross languages, PLC *kp has evolved
into a variety of reflexes, most commonly
[p], but also [b], [k¥], and possibly [gb]

(and [kp] is retained in many instances).

2. INSTRUMENTAL ANALYSES
OF IBIBIO [kp]
2.1. Methodology

A variety of instrumental techniques
were used to investigate the characteristics
of the Ibibio labial-velar, including spec-
trography, laryngography, aerometry, and
electropalatography. These were done
during a period of approxi-mately three
years, and used different speakers for the
different investigations. Material for the
spectrographic study was recorded by
eight native speakers of Ibibio in Calabar,
Nigeria, and analysed in the Phonetics
Laboratories at the Universities of Ottawa
and Edinburgh; further investigations
were done in Edinburgh using primarily
one speaker of Ibibio who was resident
there (the aerometry was done with two
speakers). Methodology and results are
reported in greater detail in Connell [2, 4]

Spectrographic measurements were
done to examine total duration of closure
(TD), voice termination time (VTT) and
voice onset time (VOT), as well as
formant transitions and burst spectra,
and compared to similar measurements for
labials and velars. Laryngography (Lx)
was done with both aerometry and
electropalatography (EPG) to determine
VTTs and VOTs and other information
about phonation. The aerometry and
EPG provided further details concerning
the articulatory nature of these stops.

2.2. Spectrographic Analysis

In broad terms, the results of the
spectrographic investigation confirmed
those of Garnes [7]. This was true with
regard to formant transitions, especially
for CV transitions, where there was

similarity to those of simple labials except
for being ste:rer, having a lower locus,
and apparently being more intense or
stronger. This latter observation also
corresponds with findings of Dogil [5] for
Baule. On the other hand, VC transitions
were variable, most often tending to
resemble those of simple velars, but
occasionally resembling labial transitions.
Regarding the timing of the two gestures
involved, evidence from transitions
suggests a consistently later labial release,
but variability as to which closure occurs
first. Fig. 1 presents a spectrogram of the
word [€kpé€] 'leopard’' demonstrating the
asymmetry of formant transitions.

Fig. 1: Spectrogram of [ékpé] illustrating
asymmetrical formant transitions of Ibibio
[kp]. TD=156ms, VTT=38ms, VOT=-
36ms. (Speaker E.E. Akpan.)

Noise in the signal (also evident to
some extent in Fig. 1) made it difficult to
determine burst spectra in my own data.
However, indications are that the present
work does not confirm Garnes' findings,
which suggested that [kp] has a high
frequency component (6 - 7 kHz) and
weak energy spread throughout the higher
frequencies (i.e., above 3.6 kHz), and,
that energy in the lower frequency range
was absent. The energy present in the
spectra at release appears primarily in two
areas - in the lower frequency range, i.e.,
below 1.2 kHz, and in the mid range,
from 2 - 4 kHz. The lower concentration
could indeed be a reflection of a labial
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release, as would be expected, given the
evidence from F2 transitions discussed
above. The energy found in the mid-
range could possibly be associated with a
velar aspect of the release, but it is in this
range that the noise band mentioned
normally occurs. Finally, on occasion
there is energy present throughout the
spectrum, extending quite high in the
frequency range. In this connection it is
worth noting that Traill [13] reports burst
spectra for labial clicks extending
throughout the frequency range and being
particularly strong in the 4 - 14 kHz
range.

Table 1 summarizes voicing and
duration characteristics of Ibibio [kp]
relative to simple labials and velars.
Results are based on productions of eight
speakers (Fig. 1 exemplifies VTT and
VOT measurements.)

D VIT VOT

p|147(29.0) [ 65357 ] 6 (7.D

k| 113 (28.5) [ 49 (29.4) [ 21 (13.0)

kp| 162 (28.6) | 50 (35.9) [ -26 (16.0

Tablp 1: Duration and voicing of [kp]
relative to [p] and [k]. Values to nearest
ms. SDs are given in parentheses.

Two aspects are important here; first
that Ibibio [kp] is prevoiced, and second,
that the there is a relatively high amount of
variation (as indicated by the standard
deviations) in the voicing characteristics.

2.3. Aerometry/Lx

The acrometric work revealed a
substantial pressure drop during closure
and ingressive airflow, indicating use of
either or both of velaric and glottalic
ingressive airstream mechanisms. A
relatively consistent variation in the
pressure drop was taken as indicative of
an earlier velar release (Connell [2, 4]).
The associated Lx analysis confirmed and
clarified voicing characteristics revealed
by the spectrographic investigation.

24. EPG/Lx

Voicing characteristics described
above were confirmed, and made more
precise when considered against the EPG
evidence of closure and release (Connell
[4]). Also interesting was evidence from
the EPG investigation confirming the

spectrographic evidence of an earlier velar
release.  This was revealed through
comparison of the EPG record with the
accompanying audio signal. Since the
audio signal in the set-up used was only a
gross representation of inteasity of the
signal, its onset could represent either the
onset of the following vowel or the onset
of voicing, recalling that the release is
prevoiced.  Either way, given that the
consonant is prevoiced, release of the
velar closure prior to the onset of the
audio signal would be a clear indication of «
the velar release preceding the labial one.
This happened in all tokens, and on
average 38ms, but ranging from 10ms to
80ms, prior to the onset of the audio
signal. (SD = 15; calculations are based
on 4 repetitions of 18 words containing
[kp] in controlled environments.) Further
research is planned, to monitor lip
closure in conjunction with EPG,
permitting a more accurate assessment of
relative timing of both closure and release.

2.5. Supmary

The various instrumental techniques
revealed, among other characteristics,
that: a) the two articulatory gestures are -
not totally simultaneous, nor completely
synchronized: the velar release almost
invariably precedes the labial one. There
is more variability as to which closureé
occurs first, though this is most often the
velar one; b) there is a considerable
amount of voicing in this nominally
voiceless stop, manifested in both a
voicing tail, and a pre-release voicebar;
and c) there is a high degree of variability
in the timing of the various components of
the articulation, both individually and
relative to each other. This variation was -
manifested both within and across
speakers, Finally, although evidence has
1ot been! presented here, there was some
indication that the cross speaker variation
observed correlated with dialect.

3. EVOLUTION OF PLC *kp
Proto-Lower Cross *kp has, in
addition to [kp], the following reflexes
across the group (Conneil {3, 41): fp;b;
gb, k¥]. The phonetic characteristics of
Ibibio [kp] allow us some insight into
why such a range of reflexes should be
manifested and, by extension, why
others, such as {x, y, 6%] are lﬁ%‘
understandable. '
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The fact of the later labial release
gives clear cause to expect a labial, or
predominantly labial, reflex should the
sound undergo change, as it would be the
most salient. However, since the degree
of asynchrony between the two releases
demonstrated considerable variation, it is
plausible to assume that a dialect of a
language might exist where the two were
much more closely simultaneous, or even
with a later velar release; in these cases
reflexes more predominantly velar might
arise.

The variability in the duration of
prevoicing in Ibibio also gives a clue as to
why we find both voiceless and voiced
reflexes; presumably those LC languages
exhibiting PLC *kp > [p], originated in
dialectal variation favouring a shorter
voicebar, whereas those demonstrating
PLC *kp > [b] would have emanated
from ones with a longer voicebar. It is
also possible that the existence of a
relatively long voicing tail might have
played a role in the development of voiced
reflexes, particularly where PLC *kp >
[gb] has been found.

An account of this nature fits the
diachronic developments for Lower Cross
based on the phonetic data for Ibibio.
This implies that PLC *kp, at some stage
in the history of the language was similar
in its phonetic characteristics to that of
Ibibio today. We might also expect that
reflexes of labial-velars which are more
predominantly velar (e.g., in the Nupoid
languages cited above), or that are
implosive (e.g., Igbo) came from parent
languages whose labial-velars
demonstrated characteristics conducive to
those particular develop-ments. This is
an empirical question which can, and
hopefully will, be tested through a
detailed phonetic analysis of language
groups having the appropriate sets of
reflexes.

4. REFERENCES

(1] Bearth, T., & Zemp, H. (1967) "The
phonology of Dan (Santa)", Journal of
African Languages, 6: 9-29.

[2} Connell, B. (1987) "Temporal aspects
of labiovelar stops." in Work in Progress,
20: 53-60.

[3) Connell, B. (1990) “Sound Corres-
pondences, Lexicostatistics, and Lexical
Innovation in the Lower Cross
Languages.” Paper presented to the 20th
CALL, Leiden, The Netherlands, Sept.
1990.

[4] Connell, B. (1991) "Phoneti