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PALATOGLOSSUS ACTIVITY DURING VCV UTTERANCES

CONTAINING ORAL AND NASAL CONSONANTS OF HINDI
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ABSTRACT

This study presents some EMG data

from the palatoglossus (PG) and levator

palatini (LP) muscles and examines the .
“gate-pull” model of active velar lowering

for the nasal sound production.

1. INTRODUCTION

In January, 1972, Lubker et al [8,
p.235] proposed the "gate-pull* model
of nasal sound production, which says
that '...the levator may relax its activity
in an almost gate-like fashion, thus
allowing a temporal space during which
palate is easily lowered. At some point
in time during the "open* phase of the
gate - or during the very early opening
phase of it, a slight "pull® is provided by
the palatoglossus to facilitate the ease
and rapidity of palatal lowering. During
this “gating® and "pulling” process the
articulators function for the actual
production of the nasal phoneme.’
However, various EMG studies of the
PG muscle have produced confiicting
resutts. The EMG data from PG
reported by Lubker et al [7,8] on
Swedish nasal consonants, by Fritzell
[5] on English nasal consonants, by
Benguerel et al [3] on French nasal
vowels, and by Dixit et al [4] on Hindi
front nasal vowels provided unequivocal
support for the "gate-pull® model of
nasal sound production. The PG data
reported by Dixit et al [4] on back
nasal vowels of Hindi were, however,
primarily related to the tongue-body
movement and positioning. On the
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other hand, the PG data on English
nasal consonants reported by Bell-Berti
[1], Bell-Berti and Hirose {2], and on
French nasal consonants reported by
Benguerel et al [3] did not provide any
support for the above model of nasal
sounds production. Thus, the purpose
of the present study was to explore
whether the PG muscle is actively in-
volved in lowering the velum for the
production of nasal consonants of
Hindi.

2, METHOD

Bipolar hooked-wire electrodes were
used for EMG recordings. They were
inserted perorally into the PG and LP
muscles. (LP muscle data are a must
for appropriate interpretation of PG
muscle data.) EMG signals from these
muscles were recorded simultaneously
with audio signal while a native speaker
of Hindi produced five repetitions of
each VCV nonsense utterances
containing a nasal or an oral
consonant. In these utterances, C
represented /t d n/, and V represented
/iau/. The first and second vowels in
each utterance were the same, and the
second vowel was stressed. EMG and
audio signals were rectified, integrated
and digitized. The offset of the first
vowel was selected as the line-up point
for ensemble averaging of the EMG and
audio signals. Graphic illustrations of
the ensemble-averaged EMG and audio
signals were generated under computer
control. They are presented in Fig 1.

3. RESULTS AND DISCUSSION
Figure 1 shows a high level of activity
in the LP muscle for the utterances /iti/,
/ata/, /utu/, /idi/, /ada/ and /udu/
containing an oral consonant. Whereas
its activity is suppressed for the
utterances /ini/, /ana/ and /unu/
which contain a nasal consonant,
suggesting that the vowels surrounding
the nasal consonant in these utterances
are fully nasalized. 1t is of interest to
note that suppressed LP continues to
maintain a certain level (though a low
level) of activity even in entirely nasal
utterances, at least in this subject.
Further, the consonant/vowel, and
vowel height related differences (e.g.,
higher levels for consonants than
vowels, and for high vowels than low
vowels) generally observed in LP activ-
ity during oral utterances show up in
nasal utterances also. We will refer to
these EMG patterns of the LP muscle in
the description and discussion of PG
muscle data below.

The PG muscle generally shows three
peaks of EMG activity. The only excep-
tion is the utterance /ini/ where it
shows only one peak. This lone peak
in /ini/ and the last peak in all other
utterances seem to be associated with
velar lowering to open the nasal
passage way at the end of the
utterances, hence are of no concern to
the topic of this study. Therefors, in
this study, we will be concerned primar-
ity with the presence or absence of the
first two PG peaks. Incidentally, the PG
muscle shows considerably higher
peaks of EMG activity for the stressed
(second) vowels as compared to those
for the unstressed (first) vowels in Fig-
ure 1.

In this figure, the PG muscle shows
suppression of its activity throughout
the utterance /ini/ which contains a
nasal consonant surrounded by fully
nasalized high front vowels. This
suggests that PG is not involved in
lowering the velum for the nasal con-
sonant or the nasalized vowels in /ini/
and that the velum is lowered passively
- simply by the suppression of LP

activity for these nasal sounds. This
finding for the Hindi nasal consonant is
consistent with those reported by
Bell-Berti [1], Bell-Berti and Hirose [2]
on English nasals, and by Benguerel et
al  [3) on French nasals, but
inconsistent with those reported by

" Fritzell [S] on English nasals, and by

Lubker et al [7,8] on Swedish nasals.
The finding on the front nasalized vow-
els of Hindi is rather unexpected, since
in a previous study Dixit et al [4] ob-
served a high level of EMG activity in
PG for the production of the front nasal
vowels of Hindi. Similarly, in French a
front nasal vows! was produced with a
high level of activity in PG [3]. In these
previous studies, however, the nasal .
vowels were contrastive, whereas in the
present study they are contextually
nasalized. Perhaps the PG muscle func-
tions differently for contrastively nasal
vis-a-vis contextually nasalized vowels.

On the other hand, in the utterances
/iti/ and /idi/ which contain an oral
consonant in the front oral vowel
context, PG shows two peaks of EMG
activity. These peaks seem to
represent its antagonistic or reflexive
activity related to the tongue-body
fronting by the genioglossus muscle for
these high front vowels. Notice that LP
in Figure 1 is highly active for the oral
utterances /iti/ and /idi/ and sup-
pressed for the nasal utterance /ini/.
Thus the velum is in an elevated posi-
tion for the former two utterances and
depressed for the latter utterance.
When the velum is depressed, the
tongue- body fronting would not result
in stretching the PG muscle, but when
it is elevated, the tongue-body fronting
would stretch the PG muscle, which
may cause stretch reflex in this muscle.
Lubker and May [39] have hypothesized
such a stretch reflex in PG under similar
physiological conditions.

In Figure 1, two peaks of PG activity
are also observed for the utterances
/ata/, /Jutu/, Jada/ and Judu/
containing an oral consonant
surrounded by the back oral vowels.
Both these peaks appear to be
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Fig. 1 Superimposed curves of ensemble averages of LP and PG EMG
signals and audio signals for the experimental utterances. Audio and EMG
signal amplitudes in arbitrary units and microvolts, respectively, are
represented along the ordinate. The units along the absicssa represent 100
. ms intervals. Zero (0) on the abscissa marks the line-up point used for

ensemble averaging.

_associated with the tongue-body

movement and positioning for these
back vowels. This is an expected result
since LP shows a high level of activity
throughout these utterances to stabilize
the velum so that PG activity could con-
tribute to the tongue-body movement
and positioning (See condition or mode
1in Lubker and May [S]). This result is
in agreement with those reported in the
other cited studies (particularty in
[1.2,3,4]). In addition, two peaks of PG
activity are also observed for the utter-
ances /ana/ and /unu/ which contain
a nasal consonant in the context of
back vowels. Notice that LP activity is
suppressed throughout these
utterances as the back vowels
surrounding /n/ are fully nasalized.
However, EMG levels in the LP muscle
for the utterances /ana/ and /unu/
never reach the zero level, that is the
activity of LP is suppressed but not
completely inhibited. As indicated ear-
lier, LP maintains a certain level
(though a low level, about 100 uV) of
activity throughout nasal utterances.
Because of this level of EMG activity in
LP, it does not seem presumptuous to
believe that the two peaks of EMG ac-
tivity observed in PG for /ana/ and
Junu/ are aiso relat
ed to the tongue-body movement and
positioning for the back vowels
surrounding the nasal consonant in
these utterances. However, there is no
PG peak that could be related to the
nasal consonant in /ana/ and /unu/.
The above findings suggest that the
activity of the PG muscle is primarily as-
sociated with the movement and posi-
tioning of the tongue-biody for the pro-
duction of oral and contextually nasal-
ized back vowels, and antagonistically
or reflexively related to the fronting of
the tongue-body by the genioglossus
muscie in the production of front oral
vowels. The PG muscle does not ap-
pear to be invoived in velar lowering ei-
ther for the nasal or for the contextually
nasalized vowels. Thus, the “gate- pull*
model of nasal sound production fails to
account for the results of the present

study.
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ABSTRACT

Continuous speech of 23
subjects was recorded with
and without masking noise.

- The qroup was composed of

Volce Trained (n=12) and
Untrained. (n=11) Male and
Female Francophone sub-
jects. The objective of the
investigation was to €£ind
out how are spectral levels
and voice guality affected
under masked conditions for
the - different groups.
Results show:1l.Voice - Trai-
ned subjects increase vocal
levels 1less than Untrained
subjects under masked con-
ditions, therefore showing
an attenuated Lombard
effect. 2, Some reported
voice quality measurements
(1.aAB= >1000Hz / <1000Hz,
2.8=F1 / F0) do not seem to
apply to speech of
Francophones.

1. INTRODUCTION

‘It 1s well known that the

presence of noise produces
an increase in vocal levels
({3]lLombard, 1911; ([2lLane
"and Tranel, 1971). Recently
{4]  Pick Jr. et al. (1989)
suggested that through
training the effect could
elther be enhanced or
reduced but not completely
eliminated.

It 1is quite possible that
people with voice training
would be more apt to react
differently

to that effect. It has been
shown, for example, that

when singing in noise,
trained singers*
performance - deterlorates

less than that of amateur
musicians ([6)lWard & Burns,
1978). That 1is attributed
to a process of kinestheti-
zation, whereby vocal expe-
rience allows the performer
to monitor the voice by
proprioceptive rather than
by auditory cues. Less
dependent on auditory feed-
back, volce trained sub-
Jects would be 1less per-
turbed by nolse and would
therefore have the ability
to presexve thelr voice
quality. That ablility
should also be present. in
running speech. The objec-
tive of this study 1is to
verify how are vocal levels
of voice trained subjects
affected when speaking in
noise and whether volice
quality is affected.

The research quastions are
the following: l.Are there
long-term spectral level
differences, at particular
frequency intervals, . of
continuous speech, between
volce - trained and untrained
subjects when speaking in
noise? .
2.Are there long-term voice
quality differences, of
continuous' speech, between
voice tralned and untrained
subjects when speaking 1in
noise? . :

2. METHOD

2.1. Voice
measurements

An acoustic measure of
voice quality was proposed
by (1)Frokjaer-Jensen and
Prytz (1976) as a=intensity
above 1kHz / intensity
below 1lkHz., {7]Wedin et al.
(1978) seemed to confirm
the wutility of this measure
in speech with a group that
had undergone voice
training. {51Sundberg and
Gauffin (1978), seemed to
suggest that in singing,
judging the higher spectra
as a measure of good
quality is misleading be-
cause it could be obtained
with an increased vocal
effort ("pressed” phona-
tion) which is not charac-
teristic of trained male

quality

‘singers. They proposed that

a measure of good quality
is a higher increase of
enerqgy in the FO area
relative to the Fl area of
tralined subjects ("flow"”
phonation). In order to
utilize these voice quality
acoustic measurements, this
experiment extracted Long
Term Average Spectra for
the following intervals:
FO0e:Log energy at interval
80-160Hz for men, 160-250Hz
for women

Fle: Log energy at interval
315-600Hz

BlK: Log energy below 1lkHz

(80-800HzZ)

AlK: Log energy above 1lkHz
(1000-5000HzZ)

6F1F0: Fle minus FOe

aAB= AlK minus B1K

These intervals also served
to compare spectral levels.

2.2. Subjects

The group of 23 subjects
was composed of 1. Voice
Trained . (n=12) and Untrai-
ned subjects (n=11). Sub-
jects with abnormal hearing
or with mother tongues o-
ther than Canadian French
(Francophones) were exclu-
ded. The trained subjects
were either members of a
well known cholr or profes-
sional actors and radio an-
nouncers. The subjects do-
nated their time without

pay.

‘'2.3. Materials

The French text, of
phonetically balanced con-
tents lasting approximately
one minute of reading time,
was edited from existing
literary materials.

2.4. Procedure

The subjects were recorded
while reading the same one
minute text undex three
conditions: 1.Normal
reading (8); 2.with =right
ear masked with a 75d4B
white noise(SRM); 3.with
left ear masked with a 75d4B
white noise(SLM).

All the recordings, and the
audiometric screening, were
conducted in a soundproof
cabin (I.A.C.). The micro-
phone was a Sennheliser
MD441-U (filtration switch
on 'M'), the - tape recorder
a full track Revox.” 77A
(tape speed 15 1ips), and
the tapes Ampex 406,

The masking noise was

produced with the Maico
Precision Hearing Test
Instrument MA-24, through

Maico headphones with one
earphone removed. In the
conditions” of masking, the
subjects' had one ear masked
with noise whereas the
other remained free. This
procedure was adopted for
future analysis. of



laterality effects. The 16-kHz range, for 128
recordings were performed Spectra. The data ° was
at one foot dlistance from transfered and digitized in
the microphone and the an IBM microcomputer
order of the three through a software package .
conditions . was designed for the project

sygtemticaly varied for and then transfered to the

mainframe

succeeding subjects.
Spectral levels

2.5. Analyses

computer where

were

The recorded samples were determined for each of the

analyzed with an Ono Sokki
CF300 spectral analyzer for
Long . Term Average Spectra 3. RESULTS
at ° 1/3 octave lintervals,

three recording conditions.

nean energy levels (dB) of voice Tnun"francophones (N=12)

and UIMIGD Francophones (N=11) suhjects for three spe

ech

production conditipns nmeasured over selected (1/3 octave)

intervals.

Interval
! Fle Fle 8F1F0 BlK AlK o AB
Speech condition ' dB
Normal Tr.Fra.:-21.73 -22.14 -0,41 ~-17.93 -29.61 ~11.67

Speech(S) Untr.Fra.:-20.96 -20.48 0.47 -16.53 -28.04 -11.51

% k% Xk L3 ]

Speech with right T:-21.06 -19.86 -1.20 -16.60 -26.64 -10.03

ear masked (SRM) $-18.28 -15.60 - 2.67 -12.66 -21.90
* *k * & ®

Speech with left T:-21.81.-20.84 "0.97 -17.45A-27.29

ear masked (SLM) :~18.54 -16.71 2.14 -13.62 -23.60
* * %

8-SRM (R) T: -0.66 =-2,28 -1.62 -1,32 -2.97

: : U: -2.68 -4.88 ~-2.19 -3.87 -6.14

. T ® * % )

S-SLM (L) : T: 0.08 -~1,30 -1.38 -0.47 -2.32

U: -2.11 -3.77 -1.66 -2.91 -4.43
* significant at the 0.05 level
** significant at the 0.01 level
*** gignificant at the 0.001 level
FOe:Energy at interval 80-160Hz for men, 160-250Hz for
Fle:Energy at interval 315-600Hz
BlK:Enexrgy below 800Hz (80-800Hz in 1/3 octaves)
AlK:Energy above 1000Hz (1000-5000Hz in 1/3 octaves)

-9.24

-9.83
~9.98

-1.64
-2.26

-1.84
-1.52

women

The table above shows the
following results:

1. There are no significant
differences in the Normal
Speech condition for
spectral levels (F0e,Fle,
B1K,AlK) and volce quality
(6F1F0, «AB) between trai-
ned and untrained subjects.

. 2. Spectral levels of voice

trained subjects are sjigni-
ficantly lower in both

masked conditions (For SRM:

FOe,p<.01; F1,p<.0006; B1K,
p<.0005; AlK,p<.002; for
SLM: FOe,p<.02; F1,p<.002;
B1lK, p<.002; AlK, p<.04).

3.There are no significant
voice quality differences
(6F1F0, «AB) in the masked
conditions ~ between traineé
and untrained subjects.

4. DISCUSSION

There are no significant
voice quality ‘differences
either in the normal nor in
the masked speech condi-
tions for the two groups.
It Is possible that the
voice quality measurement
«AB proposed for speech is
linguistically related and
therefore not appropriate
for French. Tralned Pranco-
phones do not have more
energy in the region above
1000Hz relative . to the
lower frequencies. '
The other voice quality
measurement, 6F1F0, was
proposed for singing. That
might explain why 1t did
not distinguish the speech
of the voice trained.

When speaking 1in nolse,
lower vocal levels clearly
distinguished the volce
trained from the voice un-
tralned and confirmed that
voice training diminishes
the Lombard effect.
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ABSTRACT

Variations in the voice source for female
speakers due to linguistic structure and
speaker specificity have been in-
vestigated. The study is focused on con-
sonants and transitional segments. The
voice source have been analysed by in-
verse filtering. The consonant source
spectra contained less energy in the
higher frequency region compared to
vowels. For a more | voice, transi-
tional segments contaned a large
amount of noise. Occurrences and ori-
gins of zeros in the spectra of voiced
speech segments were studied using in-
verse filtering. For a leaky voice a zero
due to the lete glottal closure
often occurred also in vowels.

1. INTRODUCTION
This study forms part of a project aimed
at a complete description of female
The investigations have so far
been concentrated on the female voice
source. Information has been collected
about the relationship between emphatic
stress and voice source parameters [2]
and about voice source variations with
place of articulation of vowels [3]. The
present study is focused on a description
of consonants and transitions between
voiced phonemes. Furthermore, the
occurrence and origin of zeros in the
spectra of voiced speech segments have
been investigated.
. The voice source was analysed by
inverse filtering of the speech wave. A
subsequent fitting of the LF voice source
model [1] to the. inverse filtered wave
gave a parametric description of the
voice source variations. The voice
source parameters used in this study are
RK, RG, EE, FA and F0. RK corre-

sponds to the quotient between the time

- from peak flow to excitation and the

time from zero to peak flow, RG is the
duration of the glottal cycle divided by
twice the time from ze10 to peak flow.
RG and RK influence the amplitudes of
the lowest harmonics and are expressed
in percent. EE is the excitation strength
in dB and FA the frequency above which
an extra -6dB per octave is added to the
spectral tilt. In addition, the fundamental
frequency, FO, is measured.

2. DYNAMIC VOICE SOURCE
PARAMETER VARIATIONS.

The present study concentrates on dyna-
mic variations of the voice source. The
rate of change of voice source parame-
ters and how these changes correlate
with segments and segment boundaries
were investigated. For transitions be-
tween segments, especially between
vowels and occlusive segments, both
rate of change and the timing of changes
are of crucial importance. In a transition
between a vowel and an [I] or a nasal,
the voice source parameter = values
change from typical vowel to consonant
values within a few voice pulses. A tran-
sition between a vowel and [v] or [j] is
much more gradual.

Correlations between the different
voice source parameters have also been
investigated. RG showed a fairly good
correlation with FO in sentences uttered

"~ by different speakers. The correlation

10

coefficient was found to be in the order
of 0.75. Deviations occurred for FO
peaks where RG was raised even more,
see Figure 1. The remaining parameters
did not show any substantial correlation
with each other, the variations were
more related to phoneme type and
prosody. RK showed a large pulse-to-
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Figure 1. Typical covariation of FO and
FG=F0-RG/100 for a short utterance.

pulse variation. This is due to the uncer-
tainty in defining the exact time for
opening. Another source of error is for-
mant frequency differences in the open
and the closed interval of the voice
pulse. In inverse filtering only one for-
mant value was used in each period. This
will result in incomplete cancelling of
formant ringings in the open phase and
some lack of precision in determining
the point of maximum flow. All RK
values discussed in this paper are aver-
age values, which should minimize these
eITOrS.

3. VOICE SOURCE IN
CONSONANTS

Voiced consonants in sentences have
been inverse filtered, when possible, to
achieve a source description. The inves-
tigated sentences contained the stops
(b, d, g], the voiced fricatives [j, v] that

both contain very little noise between
voiced phonemes in Swedish, the nasal
[n], the sonorants {1, r] and voiced [h]. It
was often impossible to inverse filter the
stops as they were too weak compared to
the background noise. Accordingly, only
one joint value was calculated for the
stops, [r] was realized as a vowel-like
segment in the studied sentences and had
voice source characteristics similar to an
unstressed vowel. To get a good fit be-
tween the LF voice source model and the
inverse filtered wave-form for the re-
maining consonants, it was often neces-
sary to cancel an extra pole/zero pair,
especially in [n], [1] and [v].

Voice source parameters for conson-
ants and for some unstressed vowels in
the same sentences are given in Table 1.
The values are averaged over at least 4
period. Compared to vowels in the same
sentence the consonants tend to have
higher RK values, i.c. more energy in the
lowest harmonics. The excitation amp-
litude, EE, was slightly lower for [r, j, n,
h) than for vowels. For [v] and the stops,
EE was often 10 dB weaker, the stops
showed a rapid fall in EE through the
sound. FA showed considerably lower
values for all consonants with the ex-
ception of [r], (h] and for one speaker [j]-
A possible reason for the high FA is dis-
cussed below under "Noise excitation”.
FA was only slightly higher than FO for
the remaining consonants. This means
that the voice source contains less high
frequency energy for these consonants
than for vowels.

Table 1. Voice source parameters for voiced consonants and unstressed vowels for two
female speakers. The last column gives the number of occurrences of the phoneme in
given in Hz and RK and RG in percent. EE is
given in uncalibrated dB so only comparisons within a speaker is possible.

the investigated sentences. FO and FA are

speaker W1 consonants

FO EE RK RG FA
[vl 185 50 48 109 215
Iy 191 55 48 116 356
(n] 270 53 51 141 297
{r] 253 57 42 120 657
[j 161 56 43 101 849
[h] 216 57 51 107 492
stop 232 49 58 101 354
unstressed vowels
[a] 212 61 45 124 867
{1 218 55 38 104 500

NE U ret vt ot s 00 = 53
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speaker W2 consonants
FO EE RK RG FA no
[vl 237 48 59 119 362
() 209 57 48 111 322
(n] 186 56 37 104 208
{r] 222 57 43 115 678
G 196 57 43 100 -255
(h] 250 57 72 123 600
stop 220 51 66 112 343
unstressed vowels
[a) 213 62 35 96 763
m 277 60 28 90 480
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4. VOICE SOURCE ZEROS

Zeros in voiced speech segments can
have different origins. They are either a
personal trait, often due to a leaky voice
source, or a segment related feature,
especially in consonants, where it is due
to the configuration of the vocal tract.
Both these types of zeros have been
investigated.

4.1 Zeros in consonants, .

The investigated sentences contained
consonants whose transfer functions
contained zeros: [I] and [n). For [1} and
[n] the zero and the connected pole are
normally due to the geometry of the
vocal tract. Zero/pole pairs found in [1)
and [n] for two female speakers are
given in Table 2.

The zero sometimes detected in [v]
as well as a low zero, about 900 Hz,
sometimes found in [1], is presumably
due to a more leaky voice source and
consequently a coupling to the subglottal
system in these consonants. This could
be due either to an overall leaky voice or
to a personal variation for these particu-
lar sounds. These zero/pole pairs are also
listed in Table 2.

4.2 Voice source zeros in vowels

Normally, while inverse filtering vowels,
only anti-formant filters cancelling the
vocal tract resonances were used. For
more leaky voices an additional
pole/zero pair often had to be cancelled
to achieve a good fit to the LF-model.
The origin of this pole/zero pair is pre-

—

sumably a coupling to the subglottal
system as for some consonants discussed
above. The speakers who showed a
zero/pole pair had a comparatively large
amount of constant air flow during
phonation in recordings with a Rothen-
berg mask [5]. This implies an incom-
plete vocal cord closure and a couplin
between the sub- and the supraglo
cavities. The frequency values of the
pole/zero pair, a zero at about 800 Hz
and a pole at about 1500 Hz, compares
well with known values for subglottal
poles and zeros for women [4]. In Figure
2 an example is shown of a vowel that
has been inverse filtered using or not
using an extra zero/pole pair.

5. NOISE EXCITATION

In inverse filtering and model fitting the
model parameters tend to include the
noise excitation since the inverse filter
time window is one fundamental period.
Accordingly, in a spectral section, no
harmonics are visible and it is impos-
sible to separate voice and noise excita-
tion. This means that often a breathy
segment will give quite high FA values
contrary to theory. The high FA-values
for [h] and [j] in Table 1 are presumably
due to this effect. To avoid this type of
error, spectrograms of the utterances
were studied. When a simultaneous
voice and noise excitation could be sus-
pected, partial inverse filtering was app-
lied: all formants except one were

Table 2. Zeros and comresponding poles in the voice source and vocal tract transfer
function for some consonants. Zeros and poles are measured by inverse filtering. Zn de-
notes a zero frequency and BZn its bandwidth, Pn denotes the corresponding pole and
BPn its bandwidth. All are given in Hz. * denotes presumed voice source zeros and

poles.

Zl Bzl Z2 BZ2

w1 [ *940 300
w2 1 *990 450

W1 [n] 750 450
W2 [n] 860 150

W1 [vl  *700 250
W2 [v] *840 350

W1 [h} 1850 600
W2 [h] 2300 600

2050 300
2200 300
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P1  BP1 P2  BP2
*1450 150 2500 200
*1600 200 2550 200

1500 100
1700 100

*1650 150
*1600 200

3000 500
2600 450

damped out. The excitation pattern of
the remaining formant showed if noise
was a major excitation source. In Figure
3 an example of measured FA variations
for a breathy voice and a more sonorant
voice are shown. FA is highest during
the transition from consonant to vowel
for the breathy voice while FA is higher
in the vowel for the more sonorant voice.
The high FA values during the transition
for the breathy voice turned out to be
due to high noise content. We are
presently trying to find a method to
separate the two kinds of vocal tract ex-
citations, this will be discussed further at
the congress.
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TEMPORAL MODELLING OF GESTURES IN
ARTICULATORY ASSIMILATION

Martin C. Barry

Department of Linguistics, University of Manchester, England

ABSTRACT

Gestural trajectories for consonants in coro-
nal + velar clusters were derived using EPG
contact data from ers of English and
Russian, Evidence from rapid speech indi-
cates a variety of articulatory strategies
available to speakers of the two languages,
with notably a high-level discrete
assimilation process found only in the some
utterances by the English speakers. The re-
maining data involve partial loss of the coro-
nal gesture, and are therefore not susceptible
to description within conventional phonolog-
ical formalisms. The weakening of coronal
gestures in certain contexts appears only as
an arbitrary stipulation within the theory of
Articulatory Phonology. It is argued that the
theory requires further elaboration to allow
the behaviour of the coronals to be modelled
adequately .

1. CORONALS IN CC CLUSTERS

A number of studies have drawn atten-
.tion to the tendency of alveolar and den-
tal stops and nasals to assimilate to the
place of articulation of a following non-
coronal obstruent. The process is attested
as source of phonological change in
many languages, and gives rise, for ex-
ample, to the presence only of homor-
ganic intramorphemic NC clusters in
English. The process has typically been
formulated within the apparatus afforded
by phonological theory in terms resem-
bling those in figure 1, either, as in (a), in
the linear formalism of early Generative
treatments or as in (b), employing an
autosegmental treatment of those features
specifying place of articulation.

In this paper, however, I shall present ev-
idence and arguments from rapid speech
indicating that the formulations of fig. 1

are insufficiently revealing both of the
phonetic facts obtaining in both English
and Russian, and of the knowledge to
which a native speaker of either lan-
guage must have access in order cor-
rectly to produce sequences such as those
under discussion.

2. ALVEOLARS IN ENGLISH

I have reported [1] an investigation into
CC clusters in rapid speech in English,
where Cj is an alveolar stop or nasal and
C3 a velar stop, with an intervening mor-

+ ant -ant
+ cor - cor
//
/ k 7/
n5q g /7

x x
(a) ()
Figure 1: conventional

phonological representations
for alveolar and dental assimilation

pheme or word boundary. Qualitative ex-
amination of electropalatographic (EPG)
contact data for several speakers reveals
a large number of utterances in which the
coronal gesture is significantly reduced
in magnitude, such that complete closure
is not attained during the consonant,
Speakers appear to differ in their choice
of articulatory strategy here: the three
options seemingly available are: (i) to
execute a full coronal gesture, giving rise
to full alveolar closure; (ii) to execute a
weakened coronal gesture, with no com-
plete closure; and (iii) to execute only the
following velar gesture. While tokens of
type (iii) are those which may be mod-
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elled in conventional phono-

ration of the coronal and

logical descriptions as an e dorsal gestures (DCG, DDG);
assimilation, as in fig. 1, it is 94000008 (c) the degree of lingual
those of type (ii), exemplified 00000000 displacement, corresponding
in fig. 2, which, insofar as the possasoed to the height of the peaks for
forms they manifest are un- 90000000 the two gestures (CMAX,

der the speaker’s deliberate  Figure 2: EPG contact DMAX); and (d) the interval
control rather than as the pattern for a weakened between the onsets of the two

natural consequences of the
inertial properties of the
speech apparatus, must pose problems
for conventional phonological rules and
representations, This is because in these

cases the coronal gesture involves a -

degree of lingual displacement, and
perhaps also a duration, inconsistent with
the discrete categories of binary feature-
value and of timing-slot provided by
theory.

3. QUANTITATIVE INVESTIGATIONS OF
ARTICULATORY GESTURES

Further insight into patterns of articula-
tory activity may be gained by a consid-
eration in terms of the trajectories of in-
dividual articulatory subsystems, recently
restored to the phonetician’s armoury
through the development of the concept
of the gesture in the paradigm of
Articulatory Phonology developed by
Browman and Goldstein [3]. In the work
reported in the present paper gestural
trajectories were approximated from
time-varying summations of EPG contact

-

Hectrades eoasuctad (% of max. asen) a

3

Time (m
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Figure 3: Gestural Trajectories for [ng]
in ‘hand grenade’ (slow utterance)

data, and a number of measures devised
by which temporal aspects of the various
articulatory strategies might be com-
pared. Figures 3 and 4 show gestural
trajectories for the nasal + plus stop se-
quence [n g] in the phrase hand grenade.
From the data values were obtained for
(a) the duration of the alveolar and velar
closures (DAC, DVC); (b) the overall du-

alveolar gesture

closures, or, in the case
where no alveolar closure
was formed, between the peak in the
coronal gesture and the onset of velar

closure (INT)!.

In comparison with the slow uttcrance,
for the fast utterance (fig. 4) CMAX is
reduced to 70% of its maximum possible

1004

‘g - Ve

v
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Figure 4: Gestural Trajectories for [n g]
in ‘hand grenade’ (fast utterance)

value, DCG is reduced by 10%, and DAC
is zero: that is, the coronal gesture is di-
minished in magnitude to such an extent
that no closure is formed, and also
somewhat in duration. DMAX remains .
constant at 100%, DVC increases by 78%
and DDG increases by 43%: the velar stop
is fully articulated, and now significantly
longer. INT is now —11 ms: the velar clo- .
sure is formed before the coronal gesture
reaches its peak. Note also that the dorsal
gesture is initiated before the coronal
gesture. The data suggest thercfore a
artial implementation of the restructur-
ing implied by the autosegmental treat-
ment of fig. 1b: the place of articulation
originally associated only with the velar
stop has ‘spread’ to occupy two conso-

INote that for the speakers investigated the final
[d] in hand was usually elided in fast speech; and
that the present investigation is confined to
lingual gestures and hence has nothing to say
about the timing of velic lowering and raising.
The nasalisation associated with [n] is retained
even when the coronal gesture is lost altogether,
giving rise (o a velar nasal [g]. .
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nantal timing slots, and the original un-
derlying alveolar place-autosegment is
partially delinked.

4. DENTALS IN RUSSIAN

A consideration of the behaviour of
speakers of Russian in similar contexts
reveals some significant differences. The
sound system of Russian differs from
that of English in two significant re-
Spects: in general the requirement that
NC clusters should be homorganic within
the morpheme does not apply; and there
is no surface contrast between dental and
velar nasals. A large body of data from
two speakers of Russian was subject to
the same qualitative and quantitative in-
vestigation as the data from English. To
begin again with qualitative observations,
two points are immediately evident:

() in the case of CC clusters where Cyis
a stop, no reduction can be observed in
the magnitude of the coronal gesture as
speaking rate increases (CMAX remains
constant at 100%);

(ii) the range of contexts in which com-
plete assimilation (i.e. a velar nasal) is
encountered is very narrow, and appar-
ently not sensitive to speech-rate. The
cases involved are words such as
/sanktsia/ and /funktsia/, in which the
nasal and the following stop must be
syllabified together (since the sequence
/kts/ is impermissible as a syllable-on-
set).2 These forms showed [n] even in

slow, careful speech.

In the remainder of cases (where the n
and the following stop are heterosyllabic)
the forms recorded typically reveal a
fully articulated dental nasal in slow
speech, and in fast speech a reduction in
the magnitude of the coronal gesture,
generally leading to the absence of a
complete dental closure.

Applying the same quantitative measures
as for English to the Russian data reveals
further cross-linguistic differences. In the
fast-speech examples from the Russian
speakers in the experiment, the reduction
in magnitude of the coronal gesture is not
accompanied by a corresponding length-

2The principles governing this small class of
exceptional forms are discussed further in [2].

ening in the duration of the dorsal gesture
(CMAX decreases but DDG remains con-
stant, or even undergoes a slight reduc-
tion typical at increased rates of speech),
and while INT decreases, the velar clo-
sure is nonetheless formed after the peak
in the coronal gesture. Thus while the
phonological formulation of fig. 1b was
seen to be roughly appropriate to the ar-
ticulatory patterns found in English, with
weakened alveolars and lengthened ve-
lars suggesting a partial implementation
of the phonological processes of au-
tosegmental delinking and spreading, no
such interpretation appears suitable for
the patterns found in Russian-speakers.

It is appropriate instead, I would argue,
to view the weakening of the Russian
dentals as the manifestation of a process
more ‘phonetic’ than ‘phonological’: that
is, more representative of the natural
constraints acting on the articulatory ap-
paratus than of the principles of phono-
logical organisation which may be dis-
cerned in the English data. This view ac-
cords with Ohala’s view [4] that if a
phonological pattern (a “sound change”
in a diachronic perspective) has a pho-
netic motivation, it is reasonable to ex-
pect to find evidence of the relevant pho-
netic process in speech production. Thus
diachronic evidence of the instability of
coronals in CC clusters leads us to expect
a phonetic process of the sort encoun-
tered in the Russian data.

It would be incautious, however, to at-
tribute the variety of weakened coronal
gestures to the operation of a freely-ap-
plying natural phonetic effect: there is
evidence that the phonetic form of utter-
ances such as these is determined at least
in part under the cognitive control of the
speaker at least in so far as that the pro-
cess is seen to apply in some contexts
and not others. The fact that the dental
stops in Russian are robustly resistant to
weakening suggests at least that a partic-
ular phonetic effect may be blocked as
part of the native speaker’s low-level
phonetic knowledge.

5. LEVELS OF PHONOLOGICAL
KNOWLEDGE

We are therefore led to a picture of the
organisation of the various types of
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knowledge of pronunciation, in which
the variety of forms encountered in the
data in this study are governed by prin-
ciples operating on several levels:

« High-level phonological rules (cf. lexi-
cal rules) ) .
Expressible in conventional phonologi-
cal formalisms . ]

e.g. distribution of Russian [y]; intra-
morphemic NC clusters in English

«Low-level phonological rules (cf.
postlexical rules) )

Partial applications not expressible
e.g. English alveolar Cy in CC clusters
across morpheme boundaries

+Phonetic effects . .
Phonetically motivated articulatory

- processes; may be phonologically

- blocked (e.g. Russian [t,d]) or may

- apply freely (e.g. Russian [n])

Two important consequences emerge:
that some. aspects of the speaker’s
knowledge of how their language is pro-
nounced involve forms which conven-
tional phonological theories are not
equipped to represent; and that language-
specific knowledge of pronunciation ex-
tends to the operation or blocking of nat-
ural low-level processes.

6. CORONALS IN ARTICULATORY
PHONOLOGY

The paradigm of Articulatory Phonology
(3] appears well-equipped to accommo-
date the variety of low-level phonetic
detail which, as I have argued, falls
within the subject-matter of a compre-
hensive theory of phonology. Gestural
scores correspond to high-level phono-
logical representations, and the operation
of the task-dynamic model yields a spa-
tio-temporal representation in terms of
gestural trajectories in which the non-
discrete application of phonetic and
phonological processes may be for-
malised. In addition, the application of
general principles governing relation-
ships of phase between gestures accounts
for much of the data we have observed,
in which the velar gesture is responsible
for the ‘masking’ of the coronal gesture.

What is still lacking in current formula-
tions of the theory is a convincing ac-
count for the facts of coronal-gesture

weakening. That gestures weaken in ca-

sual speech is stipulated somewhat ax-

iomatically, and in no sense can be said
to emerge from the mathematical proper-

ties of the model. Moreover, there ap-

pears be no way, in a model which treats
all gestures as formally identical objects,
in which it can be shown that coronal
gestures specifically are subject to elision
in CC clusters. At the heart of the matter
is the modelling of gestures as the criti-
cally-damped attraction of the active ar-

ticulator towards its target. Thus for an
articulator to fall short of its target during
the execution of a gesture seemingly re-
quires the target itself to be repro-
grammed. Within existing versions of the
theory it would seem to be necessary to
abandon the assumption of critical damp-
ing (such that an articulator always
reaches its target) in order to accommo-
date gestural weakenings, and other un-
dershoot phenomena. A more drastic re-
vision of the model would be to abandon
the modelling of gestures in terms of at-
traction, in favour of a ‘ballistic’ model:
in which the articulator is pushed rather
than pulled towards its target. But this

. would be to abandon entirely the mathe-

matical content of the existing theory.
The issue of gestural weakening clearly
remains a problem for the development
of the theory: it seems clear that evidence
of the kind presented in this paper will be
of relevance in seeking a solution.
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ABSTRACT

The current study examines the influences
of intonation and syllable structure on
accentuation and final lengthening in a
corpus of articulatory data. While
consistent kinematic patterning across
speakers was not observed for intonation
dif_fcrcnces, it is apparent that different
articulatory manoeuvres are employed to
bring about accent-related duration change
in open and closed syllables.

L. INTRODUCTION

Many studies of the acoustic correlates of
accentuation in French have examined this
phenomenon in syllables at the edge of
major prosodic phrases or sentences (e.g.
Delattre [1]; O’Shaughnessy [2]). More
recent investigations ( e.g. Touati [3])
separate the two classes of accented
syllable (accented final and accented non-
final), and note that accent-related duration
differences are somewhat reduced in the
phrase-internal context.

In a recent paper (Fletcher and Bateson
[4]), we propose that accentuation and
phrase-final lengthening are associated with
different underlying articulatory
manoeuvres. As suggested by Edwards et
al. [5] for English, final lengthening in
French involves a specific lengthening at
Fhe phrase-edge. Accentuation, by contrast
is a change in linguistic prominence and
not essentially a duration contrast. The two
linguistic' phenomena should not be
confused in experimental designs.
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In the current study, we re-examine the
phrase-internal  accented/unaccented
contrast in a corpus of articulatory data,
based on natural as opposed to reiterant
speech. An extra "level" of accent is also
examined by comparing pretonic accented
syllables with tonic accented syllables
(syllables associated with a melodic peak).
We also look at the influence of tone and
syllable structure on the articulatory timing
of phrase-final syllables. In an early
acoustic timing study of accent in French,
Benguerel [6] claims that accentual
lengthening is greater when intonation is
falling rather than rising. He also claims
that the lengthening effect is strongest in
open as opposed to closed syllables. It is of
interest to see how these effects manifest
themselves in the underlying articulation of
syllables.

2. METHOD

Two speakers of French produced ten
repetitions of the sentences shown in Table
I at two self-selected tempi, conversational
normal and fast. The sentences were
devised in such a way that the test tokens
(indicated in uppercase) represent different
prosodic categories. Set A places the
tokens (chosen to contrast open and closed
syllables) in unaccented (PAPA) pretonic,
accented (PAPE), and tonic accented
contexts. Set B places the tokens in
sentence-final declarative and
sentence-final interrogative contexts. In all
instances, the token in the sentence B (i)
was recited with a low, slightly falling
tone.

Table |. Carrier sentences containing
the test tokens (in upper case)

SetA
(0] Le PAPE a patté Miné.
Le PAPA pattait Miné.
(i) Le PAPE Aballe pattait Miné.
Le PAPA Bahl pattait Miné.
Set B

(i) Miné lechait le PAPE.
Miné iechait le PAPA.
(i) Miné lechait le PAPE?
Miné lechait le PAPA?

The token in sentence B (ii) was
recited with a rising tone, commonly
associated with a yes/no question.

Vertical movements of the lower lip, upper
lip and jaw were recorded using the
modified SELSPOT opto-electronic
articulator tracking device at Haskins
Laboratories. The digitized and low-
pass-filtered position signals were corrected
for any head movement and were
numerically differentiated to produce
instantaneous velocity. Vertical position of
the lower lip was subtracted from that of
the upper lip to obtain lip aperture. Peaks
in the movement trace (Fig. 1) correspond
to points of maximum closure associated
with the production of the bilabial
consonant and valleys correspond to
maximum opening associated with the
production of the low back vowel.

a4
* H VELOCITY
: ; i {mmvsec)
 OPENING | CLOSING !
CLOSED|.— : : POSITION
/_:\\ (mm)
OPEN Iy oo PP
AUDIO

Figure 1
Kinematic Measures
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Measurements of gesture duration,
displacement, and associated peak velocity
using automatic peak picking were noted
for opening gestures in the case of /pa/
syllables, and for both opening and closing
gestures for /pap/ syllables. The time
course of gesture velocity was also
examined. We are calling the time period
from the onset of the gesture (defined as
the last point of zero velocity before the
opening or closing gesture) to the time
were peak velocity is registered in the
gesture, the acceleration phase, and the
time period from the peak moment to the
offset of the gesture, the deceleration
phase, in accordance with earlier work by
Nelson [7] among others.

3. RESULTS

The results of the kinematic analysis are
presented in Tables II and III. All results of
within group comparisons (Kirk [8]) cited
in the following paragraphs, are significant
at p<0.01. For subject AS, tonic accented
/pa/ syllables have significantly longer
opening gestures and bigger lip apertures
than unaccented /pa/ syllables (F’s 61.5,
15.19), with no significant differences in
peak velocity. Both acceleration and
deceleration duration are longer in the
opening gestures of accented compared to
unaccented syllables(F’s 48.25, 11.13). By
contrast, speaker BA, shows no overall
duration contrast, but unaccented /pa/
opening gestures are significantly bigger
and faster than tonic accented gestures (F’s
8.78, 28.69).

For the tonic/pretonic contrast in /pap/
syllables, there are no significant duration
differences in opening gestures for either
speaker. Conversely, closing gestures in
tonic accented syllables are consistently
longer than pretonic gestures (AS:F, 10.59;
BAF, 9.44). This difference is localised to
the deceleration portion of gestures for
both speakers (AS:F 6.58; BA:F, 5.44).
Tonic syllables also have bigger opening



and closing lip apertures in BA’s data (F’s
14.44,16.79) coupled with higher peak
velocities (F’s 13.71, 7.96). AS shows no
significant lip aperture differences, but
peak velocities are lower in closing
gestures of tonic syllables (F 3.63).

TABLE Il - Mean and standard deviation values (in
parentheses) of opening gesture duration (ms), lip aperture
{mm), peak velocity (mm/s), acceleration and deceleration
durations (ms) in /pa/ syllables (token - PAPA).

Unacc.  Tonic Final(LOW) Final(RIS)
D. AS 101(8)  169(11) 168(6) 182(14)
BA 73(5) 72(2) 131(11)  135(12)
LA AS 7.62(69) 99(1.2) 9.2(1.6) 10.05(.7)
BA 541(88) 8.31(.83) 9.8(.78) 12.04(1.5)
Vp. AS 149(13) 152(16)  125(25) 114(20)
BA 169(30) 134((24) 119(21) 153(35)
Acc. AS 63(13) 103(8) 84(11) 80(14)

BA 43(6) 42(4) 75(9) 72(7)
Decel. AS 39(6) 67(10) 84(15) 103(11)

BA 30(2) 30(4) 65(6) 64(10)
Table i - Mean and standard deviation values (in

parentheses) of opening and closing gesture durations (ms),
lip aperture (mm), peak velocities (mmvs), acceleration and
deceleration durations (ms) in /pap/ syllables (token -
PAPE)

Opening gesture
Pretonic  Tonic Final(LOW) Final(RIS)
D. AS 121(8)  138(13) 127(9) 107(4)
BA 69(4) 76(5) 93(4) 114(5)
LA.  AS 06(6) 99(6 96(7) 8.7(.7)
BA 78(9)  10.3(9) 1(1.2)  11(1.1)
Vp. AS 155(22) 148(13) 161(8) 151(13)
BA 173(26) 225(10) 187(19)  166(17)

Accel. AS 62(9) 69(14)  698) 54(4)
BA 39(3) 435 60(7) 68(3)

Decel. AS 59(7)  67(5)  58(7) 59(2)
BA 30(15) 334)  32(3) 46(1.2)

Closing gesture
D. AS 138(8) 163(11)  156(12)  180(10)
BA 63(4) 71(3) 97(4) 108(3)
LA, AS 11.9(15) 11(.8) 10.5(9)  9.8(6)
BA 7.5(8) 10.4(.8) 11.4(1.3) 11.8(1.2)
Vp. AS 183(25) 161(13) 172(16) 132(12)
BA 211(17)  267(29) 265(35) 225(35)
Accel. AS 53(5) 59(3) 54(3) 64(3.5)
BA 26(3) 29(2) 33(3) 46(4)
Decel. AS 85(8) 105(11)  103(13) 116(12)
BA 37(2) 42(3) 64(3) 61(2)

Only speaker BA shows significant
kinematic differences according to tone. In
/pap/ syllables, opening and closing
gestures are longer when tone is rising (F’s
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59.36, 17.37) than when tone is low. This
duration difference is reflected in both the
acceleration and deceleration portions of
opening gestures of /pap/ syllables (F’s
6.28, 35.99) and the acceleration portion of
/pap/ closing gestures (F,47.99). There are
no tone-related lip aperture differences or
significant peak velocity differences in
/pap/ opening gestures, although closing
gestures are slower when tone is rising
(F,3.99). No significant duration differences
are observed in /pa/ gestures although lip
aperture is bigger and peak velocities
higher in syllables with rising tone (F’s
8.88, 4.17).

4. DISCUSSION AND SUMMARY

Clearly, more data are needed to
supplement this initial analysis, especially
in view of the degree of inter-speaker
variability. Some generalizations can be
made, however. As in our earlier study,
these data suggest that more than one type
of articulatory manoeuvre underlies these
prosodic contrasts. Conventional accent or
stress effects -longer, bigger gestures - are
evident in /pa/ syllables for speaker AS,
and /pap/ syllables for BA. It can also be
argued that the observed bigger apertures
in word initial /pa/ syllables for AS are
also an accent effect, given the increased
predominance of word initial accent in
spoken French. Speaker BA consistently
accented the first syllable of "Papa” in
sentences A (i) and (ii).

The localisation of the duration contrast to
the tailend of closing /pap/ gestures
suggests that pretonic closing gestures may
be cut short by the opening gesture
associated with the upcoming syilable in
the sequence. In other words, gestural
sliding, resulting in truncation of closing
gestures may explain shorter gesture
durations in pretonic syllables (Saltzman
and Munhall[9]). In addition, changes in
underlying amplitude of both opening and
closing gestures may determine observed

kinematic patterning in BA’s tonic
accented productions and AS’ /pa/ data.

In AS’ /pap/ data, on the other hand, the
lack of a lip aperture difference, coupled
with slower peak velocities suggest
alteration of another underlying control
variable - i.e. gesture stiffness, or force
(Saltzman and Munhall [9], Edwards et al.
[5]) without a change in underlying gesture
amplitude. This latter pattern does not
suggest a typical stress or prominence
contrast for this syllable. It is more like the
pattern for final lengthening noted by
Edwards et al. for English.

While results for the tone contrast are not
consistent across speakers, they suggest
that syllables associated with rising tone
are as long or longer than syllables
associated with falling tone, contrary to
Benguerel’s claims. Duration effects are
clearest in closed as opposed to open
syllables. The lack of lip aperture
differences and slower peak velocities in
rising tone /pap/ syllables again suggest a
similar articulatory manoeuvre to that noted
for final lengthening in English by
Edwards et al. By contrast, the bigger lip
apertures and higher velocities in rising
tone /pa/ syllables without an
accompanying duration difference suggest
an articulatory manoeuvre not unlike that
attributed to a stress contrast.
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ABSTRACT

In this contribution, we study the articu-
latory realization of three French vo-
wels [i, e, a] placed at the end and in the
middle of rythmical groups. We use X-
Ray films for one speaker and we
choose 14 parameters. The results show
that it is more difficult to find a central
image when a parameter is stable. Our
second intention is to establish a hierar-
chization of parameters based on the
part they play to help finding the central
image.

LBUT ET METHODE

Notre étude porte sur la réalisation articu-
latoire des voyelles [i, ¢, a ] du frangais
sitées en fin de groupe rythmique ainsi
qu'en milieu,en position interconsonanti-
que (1 locuteur, grandeur réelle des me-
sures ). Notre méthode d'analyse se fonde
sur I'exploitation de films radiologiques
avec synchronisation image/son (50
images par seconde ) [1]{2]. Nous rete-
nons 14 parametres (fig.1) :

1 et2 : projection de la Rvre supérieure
et inférieure.

3 : écartement labial.

4 : angle des maxillaires.

5,6,7,8,9 : hauteur de la langue.

10 : racine de 1a langue.

11 : hauteur maximale du voile du palais.

12 : os hyoide (mouvement vertical et ho-
rizontal).

13 : base du larynx.

14 : épiglotte (mouvement horizontal ).

Nous relevons le début et la fin acousti-

que de chaque voyelle ainsi que la der-
ni¢re image de la consonne qui la préctde
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et la premidre de celle qui Ia suit (posi-
tion interconsonantique )

Dans notre corpus, nous relevons en fin
de groupe rythmique : 17 [1i] , 6 ['¢], 14
['a) - en milicu de groupe rythmique : 7
[i), 1 [e], 10 [a]. Les voyelles sont précé-
dées des consonnes suivantes : [p, b, [, 3,
s, k, g]. 1l nous faudra tenir compte du
contexte qui suit. Dans un premier temps
nous nous sommes intéressée au compor-
tement général de chacun des parametres
et nous avons chaque fois fait référence A
une période de stabilité qui les caractérise
[3] [4]. Nous avons relevé les mesures de
la durée totale de la voyelle. L ‘analyse
du comportement détermine les para-
metres qui servent d'indices pour degager
I'image centrale.

2. ANALYSE

Illustrons ceci par un exemple : Phrase
19 [sibota'pi). Il s'agit du [i] en position
interconsonantique (fig.2). Nous choisis-
sons I'image qui subit le moins l'influence
du contexte, progressive et régressive.
Etudions chaque parametre

Les I¢vres : dans les deux cas, nous rele-
vons une période de stabilité de trois
images (14 216 ). Nous savons que pour
[s] les levres demeurent étirées comme
pour [i]. En revanche, sous l'influence de
la syllabe suivante {bo}, la projection la-
biale s’ intensifie.

Par. 3 : courte période de stabilité od 1'é-
cartement labial est maximal 2 11,5 mm
(images 14 et 15 ). Sous l'influence de 1a
consonne bilabiale suivante, les levres
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Fig.1

Profil raliologique du
conduit vocal.
Paranetres mesurds.

vont trds vite se refermer.

Par 4 : Nous notons une trés faible varia-
tion de I'angle des maxillaires. Le mouve-
ment général correspond A une ouverture
de I'angle en raison du contexte qui suit.
Nous retenons la période de stabilité qui
se situe au centre de la durée de la
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voyelle 3 1,5 mm (images 15 et 16 ).

Par 5,6,7 : Ces parametres correspondent
2 la partie antéricure et centrale de la lan-
gue. Nous constatons que celleci s'éléve
dans les trois cas et nous retenons la pé-
riode de stabilité ol la hauteur de langue
est maximale : Par 5 :45 mm (images 15

et16);Par6et?7:48

Fig.2 (s ibota'ph) mm (images 152 17).

Images 14 15 16 17 18 Par 8 et 9 : Ces para-

Param. metres correspondent A

69 | la partie postérieure de

; §7 L1 67 gg 68 1a langue.Celle -ci subit

66 &« 66 trés tot I' influence de Ia

3 11,5 12,5 6 1 0 voyelle postérieure [o].

4 1 5,5 L5 2 En cffct la langueélva

trés rapidement s'éle-

5 43 s 45 43 39 ver. Nous optons pour

6 43 e 43 45 |1a période od sa hau-

7 48 43 48 48 47 gursest:; plus I;a:rs; :

ar 8 : 43 mm ; :

8 43 “ a4 45 48 35 mm (images 14 et

9 35 35 36 38 41 15 ) Les périodes choi-

10 30 38 28 30 31 sies se placent au tout
11 68 3 - 68 68 68 débutdela voycII.e.

12 [(13;36") [23;36%) | (13;35) | (13;34) | (13;33) | Par 10 : Nous savons

13 v | & | & | & | que pour il , la racine

de la langue s'éloigne

14 35 33 33 33 34 de la paroi pharyngale!
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Nous choisissons les mesures qui rendent
compte de ce comportement 3 35 mm
(images 14 et 15 ). Puis nous relevons
que la racine de la langue se rapproche
progressivement de la paroi pharygale
sous I' influence du contxte de la voyelle
vélaire [o].

Par 11 : Le voile du palais demeure quant
2 lui parfaitement stable pendant la durée
totale de la voyelle 3 68 mm.

Par 12 : Dans cet exemple, I'os hyoide est
uniquement mobile sur le plan vertical.
Nous choisissons le moment ol il se sta-
bilise sur ce plan. Cette période corres-
pond aux deux images 14 et 15 3 36 mm.

Par 13 : Les mesures de la base du la-
rynx ne varient que d'l mm. Notre choix
se porte sur la période de stabilité cen-
trale 3 8 mm (images 15217 ).

Par 14 : L'épiglotte suit le mouvement de
la racine de la langue. De ce fait nous sé-
lectionnons les images dont les mesures
correspondent au moment od elle se situe
le plus loin de la paroi pharygale 3 33
mm (images 153 17).

3. DISCUSSION
3.1 Parameétres - indices

Une image se dégage nettement : I'image
15. Elle apparait comme le point com-
mun de toutes les périodes de stabilité re-
levées. Par ailleurs, c'est & cette image
que la voyelle subit le moins les in-
fluences voisines. Il s'agit notamment de
la consonne bilabiale [b] en ce qui
conceme 1'écartement et la projection des
Iévres, ainsi que la voyelle vélaire [o]
pour la langue (principalement la partie
postérieure ), l'angle des maxillaires et
T'os hyoide qui s'éleve. ~ :

Parallelement certains paramétres nous
ont aidée & déterminer I'image centrale.
IIs se caractérisent par une période de sta-
bilité courte : Par. 1,2, 3,4,5,8,9,10,

12 ,13 ,14. Les autres, peu nombreux
pour cet exemple, ne nous offrent pas
d'information particuliére en raison de
leur trop grande stabilité : Par 6, 7,
11.Nous ne pouvons établir de hiérarchi-
sation type en ce qui concemne les
voyelles en milieu de groupe rythmique
par la trop grande influence du contexte.
En revanche, en fin de groupe rythmique
nous pouvons en €tablir une. Le classe-
ment se présente comme suit :

- os hyoide : période de stabilité tres
courte pour le mouvement 2 la fois hori-
zontal et vertical.

- partie antérieure et centrale de la lan-
gue: Par 5 ,6,7 (hauteur maximale).

- racine de la langue : rapprochement ol
€loignement maximal.

Quant aux autres paramétres ils ne dé-
tiennent pas autant d'information de par
leur grande stabilité (partie postérieure de
la langue : Par 8 ,9 ; voile du palais; épi-
glotte) ou mobilité : base du larynx.

3.2 Place de I'image centrale

32.1 Voyelles en milieu de groupe
rythmique.

En nous référant 3 l'exemple ci-dessus,
nous constatons que l'image centrale se
situe en début de voyelle. Cet exemple
constitue une exception comparativement
aux autres exemples étudiés. En effet, I'i-
mage centrale correspond au milieu de la
durée des voyelles [i, e, a] confondues.
La durée varie de 10cs & 16¢s pour [i] et
[a] et de 12cs pour [e). En ce qui
concerne durée et place de I'image cen-
trale, nous ne retenons pas de différence
notoire entre [i] et [a].

3.2.2 Voyelles en fin de groupe rythmi-
que, :

La durée totale varie de 16¢s a 22cs pour
['i); 18cs & 22cs pour ['e]; 20cs & 26¢s

- pour [a]. La durée s'allonge des voyelles

fermées [Yi] et ['e] & la voyelle ouverte

Fig.3
(1] fe] [a]
Durée moyenne 9images (18cs) | 10images (20cs) | 11 images (22cs)
Imagecentrale 6Rme . | 6meou7eme 8&me
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['a]. L'influence de certaines consonnes
précédant les voyelles joue un rdle im-
portant quant a leur durée. Par exemple,
f3] et [ s] réduisent la durée totale de ['i] 2
16¢s.

Comme nous le constatons dans ce ta-
bleau (fig.3), limage centrale se situe
apres le milieu de la durée de la voyelle.
11 est évident que plus la voyelle s'allonge
plus l'image centrale se décale vers la fin
de la voyelle.

Enfin, la comparaison entre voyelles en
fin et en milieu de groupe rythmique met
en évidence une diminution de 33,33 %
pour [i] par rapport & ['i}; de 40 % de [e]
par rapport ['¢]; de 45 % de [a] par rap-
porta[a). A '

4. CONCLUSION

L'étude des voyelles [i, ¢, a] nous a per-
mis de montrer que I'image centrale se si-
tue au centre du milieu de 1a durée pour
les voyelles en position interconsonanti-
que et apres pour les voyelles en fin de
groupe rythmique.

Une hiérarchisation des parameétres-in-
dices est uniquement possible pour les
voyelles en fin de groupe rythmique.
Courte stabilité et mobilité constituent les
deux crittres essentiels qui mettent en
évidence limage centrale, Nous avons
souligné l'importance de la partie anté-
rieure de la langue et de la racine, mais

surtout celle de l'os hyoide. Celui-ci ne-

joue pourtant pas de role primordial dans
1a réalisation articulatoire des voyelles.

Enfin, notre essai de méthode nous per-
met de connaitre le moment précis ol le
contexte exerce son influence. L'analyse
séparée des parametres nous indique s'ils
réagissent de maniére identique ou diffé-
rente; avec rapidité ou retard. La variabi-
lit€ intrinsdque de chacun d'eux ne pourra
que confirmer les tendances.
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DE L'ANALYSE D'UNE VARIATION DE DEBIT DANS LA
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ABSTRACT

The aim of this work is to evaluate in
the light of cineradiography, the articu-
latory behavior of stop consonants used
in case of French speech production.
Presented in this study is an examina-
tion across rate conditions. This paper
describes particularly the unvoiced stop
consonants [p, t, k], unstressed, at the
intervocalic position with identical en-
vironment, with the single and succes-
sive double consonant at two different
rates, It results through these first mea-
sures of our-study, fast rate implies a
few reduction of the articulatory ges-
tures and some compensatory interarti-
culator gestures,

1L.BUT ET METHODE

1.1 Présentation

Ce travail fait partie d'une étude plus gé-
nérale portant sur la réalisation articula-
toire des consonnes occlusives sourdes et
sonores, en position inaccentuée et 2
deux vitesses différentes de débit, sur la
chaine parlée du frangais. Notre méthode
d'analyse, la cinéradiographie, est fondée
sur l'utilisation de documents expérimen-
taux associant les aspects articulatoires et
acoustiques synchonisés (50 images / s.,
2 locuteurs frangais, corpus identique en-
registré A 2 débits). Ne seront traitées ici
que les consonnes occlusives sourdes
[p.t.k] & l'intervocalique (entourage iden-
tique) avec la consonne simple et double
successive, pour 1 locuteur, grandeur ré-
elle des mesures. Nous nous intéressons &
la notion de débit comme variable articu-
latoire. Notre but & plus long terme est
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d'établir un classement des articulateurs
en fonction de leur résistance 2 la varia-
tion du débit, et d'étudier la direction des
faits de changement de débits en rapport
avec les différents paramétres articula-
toires. Les résultats pourraient contribuer
2 établir une stratégie des articulateurs en
rapport avec le débit. S'il existe déja de
nombreux travaux sur l'articulatoire a un
seul débit [1,2,10,12,16], le débit a dans
la majorité des cas, intéressé des travaux
A visée non articulatoire. Pour Miller (8],
par la variation du débit, le nombre et la
durée des pauses ainsi que la durée d'arti-
culation sont modifi€s. L'oreille com-
pense certains phénomenes réductifs.
Avec [9] elle a montré que les variations
de la durée des pauses sont plus mar-
quantes que celles de 1a vitesse d'articula-
tion. Pour Malécot et coll. [7] il existe
une corrélation positive entre longueur
d'énoncé et débit syllabique (plus 1'énon-
c€ est long et plus le débit est élevé, et in-
versement). Pour Vaissiere [13] il existe-
rait une normalisation temporelle percep-
tive prenant en compte le débit de parole.
Réduction et assimilation sont deux phé-
nomenes observés sur le segment affecté
d'un changement de débit. Mais au ni-
veau suprasegmental, cela concerne es-
sentiellement la représentation acoustique
des mots. Wood [15) a remarqué une re-
lative constance dans la durée syllabique
malgré un changement de débit. Pour
Shockey {11} il y aurait un lien causal

- entre débit et réduction phonologique.

Gay et coll. [3,4,5] a montré avec la mé-
thode E.M.G. qu'une augmentation de dé-
bit entrainait celle d'une activité muscu-
laire. Avec la cinéradiographie il a mon-

tré un changement de cible sous l'effet
d'une réduction. Gay [6] a étudié I'effet
du débit sur la réalisation des cibles
acoustiques des voyelles et la rapidité de
mouvement pour les atteindre.

1.2 Corpus.

Phrases retenues et segments étudiés
1. 11 a pas mal. [ilapa'mal]

2. Les attabler. [lezata'ble]

3. Tres acaritre. [trezaka'rjatr]

4. Il zappe pas mal. [ilzappa'mal]

5. La chatte tachetée. [laJattaf'te]

6. Trois sacs carrés. [tRw asakka're]

1.3 Paramétres.

Nous avons relevé 14 parametres (fig. 1)
1 et 2 : projection des 1¢vres supérieure et
inférieure.

3 : écartement labial.

4 : angle des maxillaires.

5,6,7,8,9 et 10 : langue.

11 : voile du palais (hauteur maximale,
hauteur et écartement de la paroi pharyn-
gale du creux dans la partie postérieure et
inférieure du voile, distance d'occlusion
avec la paroi pharyngale).

12 : os hyoide (mouvement horizontal et
vertical ).

13 : base du larynx,

14 : épiglotte (mouvement horizontal et
vertical ).

Nous avons également relevé la distance
d'occlusion de la langue ou les Ievres cor-
respondant au lieu d'articulation des oc-
clusives.

2. DUREES ET DEBITS.

2.1 Modalités d'enregistrement.

1l s'agit de phrases courtes chargées de
sens en parole lue & deux débits diffé-
rents: le lento et l'allegro. Chaque débit
présente une régularité rythmique. La vi-
tesse d'émission est le critere de variation
d'un débit A l'autre. Nous entendons par
lento une parole soutenue dans un style
soigné, réalisé dans des conditions de lec-
ture pour nous permettre d'obtenir des ré-
sultats comparables. L'allegro se différen-
cie du lento par des caractéristiques ap-
pliquées souvent a la parole spontanée,
c'est-2-dire la parole habituellement non
lue et sans intention spéciale, si ce n'est
une rapidité d'émission qui n'entrave pas
pour autant la compréhension du mes-
sage. Nous nous permettons cet abus de
langage en appelant allegro un rythme de
parole lue, si abus il y a [14].

fig. 1 : profil radiologique du conduit vocal, parametres mesurés.
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2.2 Comportement temporel,

Les phrases du corpus (1.2) voient leur
durée réduire entre le lento et I'allegro en
moyenne de 30%. La durée des conson-
nes étudi€es réduit en moyenne de 27%
sauf pour l'extrabuccale double succes-
sive (ph. 4) pour laquelle la réduction
temporelle est de 52,5%. En général la
durée des consonnes simples réduit
moins que celle des doubles successives
(respectivement 23% et 33%). Clest pour
[p] aussi bien en simple qu'en double que
la durée diminue le plus. {t] et [k] ont une
réduction identique en simple, mais clle
est plus importante pour [k] en double.

3. ANALYSE DES MESURES. ,

La perturbation de débit provoque un cer-
tain nombre de modifications articula-
toires : .

Par. 1 et 2 : les 1&vres sont moins proje-
tées en allegro avec une position géné-
rale plus arri¢re de 3 mm pour la conson-
ne double successive en allegro.

Par. 3 : la durée d'occlusion de I'extrabuc-
cale est réduite en allegro (de 20cs a10cs
pour [pp]). La distance d'occlusion est su-
périeure en allegro (de 2mm). L'écarte-
ment bilabial est plus marqué en lento
pour la vélaire.

Par. 4 : L'écartement du maxillaire est in-
férieur en allegro ([p] de 3mm, [pp] de
4mm, [k] et [kk] de 2mm).

Par. 5 : La distance d'occlusion pour I'al-
véodentale est supérieure en allegro (de
2mm).

Par, 6 : partie de la langue plus €levée en
lento (2mm).

Par. 7 : partie de la langue plus €levée en
lento, surtout pour la vélaire (2mm) et
Tl'alvéodentale (4mm).

Par. 8 : l'occlusion est retardée de 2cs en
allegro pour la vélaire. Pour [kk] la durée
d'occlusion est supérieure de 3cs en lento.
Par. 9 : partie de la langue plus élevée en
allegro (2 A 3mm).

Pour les parametres 6 4 9, la langue est
plus €levée pour la consonne double, en
moyenne de Smm dans les 2 débits.

Par. 10 : le mouvement de la racine est
réduit en allegro et décalé vers la paroi
pharyngale pour [t] et [tt] de 2 et Smm.
Les mesures sont décalées vers l'avant en
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allegro de 1mm.

Par. 11 : le sommet du voile est plus €le-
vé en lento (sauf [t]) de 3mm pour [tt, pp]
La distance d'occlusion est supéricure en
allegro (sauf (p]) de 4mm pour [t], 7mm
pour [tt], 6mm pour [k] et 3mm-pour
[kk]. Nous observons un creux dans la
partie inférieure et postéricure du voile
pour [p] et [k]. La hauteur du creux est
supérieure en allegro de 3 et 4mm respec-
tivement pour [p] et [k]. L'écartement
pharyngal est supérieur en lento de 7mm
pour [k]. Nous n'observons pas de creux
pour [t] ; cependant nous remarquons un
rapprochement du voile avec la paroi de
2mm en allegro.

Par. 12 : I'os hyoide est plus reculé en al-
legro pour les consonnes doubles succes-
sives de 2 & 3mm. 11 est en moyenne plus
bas en allegro de 2mm (sauf [tt]).

Par. 13 : 1a base du larynx subit un abais-
sement en moyenne de 2mm, sauf pour
les consonnes doubles en lento de 4mm.
Ce mouvement est décalé vers le bas
pour [t] de Smm en lento et 2mm en alle-

gro.
Par. 14 : I'épiglotte recule vers la paroi en
moyenne de 6mm (3mm pour [k]) et se
rapproche de la racine pour [kk]. Nous
observons un décalage des mesures en al-
legro vers la paroi pour [t] et vers la ra-
cine pour [k]. )

Commentaire : le débit est abord€ ici
comme variable articulatoire. Des diffé-
rences de comportement des articulateurs
peuvent Etre avancées 2 partir des varia-
tions des parametres. Ainsi nous obser-
vons avec la perturbation apportée par le
débit :

- Une réduction de I'amplitude du mouve-
ment des articulateurs : par.1,2 et 3 12vres
moins avancées avec un écartrment
moins marqué ; par. 4 écartement du ma-
xillaire réduit ; par. 6,7,8 et 10 langue
moins €levée et mouvement de la racine
réduit ; par. 11 sommet du voile moins
€levé et distance d'occlusion avec la paroi
pharyngale supéricure. Quand la partie
postéricure du voile présente un creux
son écartement avec la paroi est réduit en
allegro.

- Un décalage du mouvement des articu-
lateurs dans I'espace : par. 10 et 14 mou-
vements de la racine et de 1'épiglotte dé-

calés vers la paroi ou vers l'avant ; par.
11 le creux du voile est situé plus haut en
allegro, sinon le voile se rapproche de la
paroi ; par. 12 l'os hyoide a tendance
€tre 2 la fois plus bas et plus reculé.

4. CONCLUSION.

La chaine parlée observée 2 travers une
perturbation de débit montre au-deld
d'une réduction de la durée, une modifi-
cation du schéma dynamique des articu-
lateurs. Notre recherche nous permet de
déterminer certaines résistances des arti-
culateurs 2 la variation de débit, et de
mettre en évidence une stratégie des arti-
culateurs en rapport avec le débit. Nous
avons observé un phénomene de réduc-
tion articulatoire touchant plus ou moins
certains articulateurs, et provoquant un
phénomeéne de compensation interarticu-
lateurs.
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ABSTRACT.
Effects of bilingualism or
phonological organization were

examined by comparative analysis
of over 1,500 elicited speech
errors 1in late French/English
bilinguals, 10 native speakers of
each language. In comparison with
(10) monolingual controls in
French and English, some error
categories were consistent with
existing data, while significant
differences 1in other categories
previously considered “universal®
were observed in all bilinguals,

1. INTRODUCTION

One aspect of bilingual
speech which = has not been
investigated is the phonological
organization of speech production.
Speech errors are considered
evidence of events at this level
of phonological organization;
speech error behavior has been
taken into consideration in most
current models of speech
production (Fowler, 1987). Nearly
a century of analysis of
spontaneous, and more recently,
elicited, speech errors 1n German,
English, and Dutch have revealed
regularities in certain
characteristics of speech error
behavior (reviewed in: Cutler,
1982). Speech errors of aphasics
have also demonstrated the same,
consistent pattern (Blumstein
1990).

Speech error behavior. in
bitinguals has not been investi-
gated. As significant differences
between the first and second
languages of late bilinguals have
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been observed in many aspects of
speech behavior, it was hypothe-
sized that speech error analysis
could reveal differences in the
phonological organization of
speech production between the
first and second languages of late
bilinguals. The prediction was
that speech errors of bilinguals
would not 1{ndicate independent
behavior of segments unique to the
second language, and that no error
would violate the phonotactic
constraints of the first language.

Initial results indicated
significant differences between
bilinguals in both languages and

monolingual speakers of their
first languages, as well as
differences between the two
monolingual groups. These dif-

ferences were fully examined, for
they included “violations" of
characteristics previously

considered universal 1n speech
error behavior,
2., PROCEDURE

A’ speech-error elicitation

task, modelled on one created by
Shattuck-Hufnagel  (1987), was
designed to elicit speech errors
from monolingual and bilingual
speakers of French and English.
2.1 Subjects.

Four subject groups were
chosen: (1) 10 monolingual French
speakers; (2) 10 monolingual
English speakers;
speakers of French, late
bilinguals in English; (4) 10
native speakers of English, late
bilinguals in ° French. Late
bilinguals wera_chosen because of
the evidence of significant

(3) 10 native-

differences observed between early
and late bilinguals in second
language competence, performance,
and cortical behavior (vaid 1987).
A1l bilingual subjects had lived
in a country in which the second
language was spoken for periods of

more than one year, and at the
time of testing wused both
languages daily. A1l  rated

themselves as fluent speakers of
their second languages.
2.2 Method.

Forty word sets comprised of
two monosyllabic and two
disyllabic words were presented to
subjects 1in each language. All
words were consonant initial, and
varied in syllable structure from
CVC to CVCVC structure. 35 of the
word sets had sound sequences
which were possible 1in both
languages, with segments which
exist in both languages. Syllable
structure was the same in the two
sets. Examples:

English: parade fad foot parole;
French: parade fad foot .parole.
The remaining five word sets were
different in the two languages.
These did not all have the same
syllable structure. A1l sets
included segments unique to each
language in word-onset position.
Example: (Target segment: TH)
English: six thick thistle sticks.

Subjects were presented with
index cards on which the four-word
sets were printed. Subjects were
instructed to read each card three
times, then to set the card down
and repeat the four-word set from
memory three more times, for a
total of six repetitions. To avoid
a memory confound, subjects were
instructed to refer to the card if
necessary during the final three
repetitions.

Monolingual subjects were
recorded 1in a single session.
Bilingual subjects were recorded
in separate sessions for their two

languages, at a minimum interval,

of three weeks, because of the
similarity of the two stimulus
sets. :

2.3 Data Analysis.

Al sessions_ vwefe

transcribed, and errors were
classified 1n several ways,
Counts were made of consonant,
vowel, word order and blend
errors, These were further
classified as either exchange,
replacement, intrusion, or
deletion errors. Position in word
for all errors was recorded.

For interaction errors, the
substitutions and exchanges, in
which both the target segment and
the uttered segment involved in an
error occur in the word string,
the direction of the error (either
anticipatory or perseveratory) and
the relative position in word of
the target and the uttered segment
in the speech error were recorded.
Stress was also noted, for both
the target and uttered segments,
as well as voicing and place of
articulation.

For intrusion errors, in which

the uttered segment 1in an error
does not occur in the stimulus
set, comparison was made between
the target segment and the uttered
segment for syllable structure,
place of articulation, and rhyme.
The number of segments replaced
was recorded, and errors were
examined for word formation.
A1l errors, both interactions and
intrusions, which resulted in word
formation were compared to target
words for rhyme and syllable
structure.

Data analysis included counts
of all error types for each
subject. For all groups, total
counts, calucations of means and
standard deviations were made for
all error types. Between-group
comparisons were tested by ANOVA
and Chi Square analysis,

3. RESULTS.

Four main trends were observed:
1. Similarities between groups.
2. Significant differences between
French and English monolinguals.
3. Effect of second language
acquisition on error type, size
and position, on both first and
second languages of bilinguals.

4. Language-specific differences
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in segment repertoire,



3.1. Similarities between groups.
Several speech error
categories were similar in all
groups, and consistent with
existing data. For these error
types, significant differences
were not observed either between
or within subject groups. The
categories for which this occurred
were: (1) the ratio of anticipa-
tory to perseveratory errors: (2)
position effect -- the ratio of
interaction of segments sharing
word position to those in dif-
erent word position (initial/
initial to initial/medial, etc.);
(3) stress effect -- the ratio of
interacting segments bearing
similiar lexical stress to those
bearing different lexical stress;
(4) the percentages of total
errors for each group that were:
anticipatory, perseveratory,
exchange, replacement, and word
order errors,
3.2, Significant differences in
error patterns for French and
English monolinguals.

Unlike monolingual English
speakers, who have demonstrated a
clear bias towards word-initial
position errors, monolingual
French speakers made a 1large
percentage of their errors (up to
60%) in word-final position. Two
rqies affect consonants in word-
fyna] position in French: (1)
final consonant deletion; (2) for
coronals only, variability in
production -- word-final coronals
are produced only if adjacent word
is vowel-initial. These phono-
logical properties of word-final
coqsonants in French may influence
§h1s effect, as word-final errors
in monolingual French speakers
occur almost exclusively on
coronals.

3.3. Effect of second Tanguage
acquisition on error position,
size and type in both first and
second languages of bilinguals.

Several characteristics of
errors produced by bilinguals in
their first and second languages
were significantly different from
those of the monolingual control
groups. These differences
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included: error position, size and
type.
Error position.

Bilingual native speakers of
Eng?ish produced up to 30% of
their errors, in both French and
English, 1in word-final position.
These errors were not dominated by
cgrona]s in word-final position.
Like the errors of bilingual

English speakers, word-final
errors of French bilinguals were
neither restricted to, nor

qomfpated by, coronal consonants,
1n either French or English. These
resqlts indicate either inter-
active effects between the first
and second languages, or an effect
of bilingualism which creates an
uprestricted bias toward word-
final errors.

Error unit,

While errors of monolingual
spegkers involved wunits which
varied from 1 to 5 segments
glmost all errors by bi]ingua]é
involved single segments only.
Thg only errors of bilinguals
wh1ch‘inv0]ved units greater than
a single segment were “blend"
errors, a combination of syllables

“from two words in the stimulus

set, in the first language.
Error type,

a. Blend. Although “blend"
error§ were made by almost al)
monolingual speakers, very few
blends were made by bilinguals
and"a11 in their first 1anguages:
No “"blend" errors occured in the
second language of bilinguals. A1}l
Lg errors were restricted to
single segments.

b. Deletion. No deletions were
made .by monolingual speakers.
Dglgt1on errors were made only by
bilinguals, only in French, and
only on word-final consonants.

c. Intrusion.

Size. Intrusion errors made by
monolinguals ranged from 1-5
§egmen§s in  size. Bilingual
intrusion errors were restricted
to single segments.

WOrd Formation. 93% of monolingual
intrusion errors resulted in word
fqrmation. Words were formed by
bilingual intrusion errors only in

L1 (the native language).

Rhyme. 82.5% of English
monolingual and 90% of French
monolingual intrusion errors
created rhymes with target words.
Bilingual intrusion errors did not

create words which rhymed with the

targets.
3.4, Language-Specific Differences
in Segment Repertoire.

No errors of any type were
made by any bilingual speaker in
which a segment which was unique
to the second language occurred as
a substitution for any other
target.

4, DISCUSSION.
The fact that some categories of
érrors occured with similar

frequency in all  groups,
corresponding to existing data on
speech error behavior, may

indicate that these aspects of
speech error behavior are more
“language-universal® than other
categories. The differences,
however, indicate that
“universals” must be tested in
moré language populations, and
speaker types (bilingual and
monolingual) before they can truly
be classified as invariable.
Monolinguals.

The difference in dominant
error position between French and
English monolinguals is inter-
preted as consistent with existing
data. Because of the restriction
of word-final errors to coronal
consonants, these errors may be
considered word-initial, as word-
final coronals, when produced, re-
syllabify as onset consonants of
adjacent vowel-initial words. '
Bilinguals.

The differences in speech
error behavior between bilingual
and monolingual speakers indicate

that second language acguisition

in French/English bilinguals
affects the phonological organi-
zation of  speech production
planning in both their first and
second languages. The elements
affected are: error position,
size, and type.The characteristics
of the word-final errorfs of both
bilingual groups could be

explained by interaction of the
two phonologies. The other
changes, error size and type, are
more difficult to explain, and
demand further investigation.
Since the "mobility” of a segment,
its occurence as a substitution
for another segment in positions
or words other than its target
position, is considered evidence
of “independent” behavior, it
might be concluded that L2-only
segments do not function
independently. The need to
process these segments may bring
about a more “holistic" processing
of second language words in which
they occur. There is abundant
evidence of right hemisphere
particpation in the processing of
second language speech of bilin-
guals, which may involve a more
holistic functions (reviewed 1in
Fabbro et al. 1990). Further study~
of other bilingual populations is
indicated to further explore the
“universality” 1issue, and the
effects of bilingualism.
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. ABSTRACT
This paper describes an early learned
coordination between gesture and speech;
during traditional whistle making,
children co:t:g utter thymes. In the
t case y, it appeared that speech
ad 1o be fitted in the frame of regular

hand beats,

L. INTRODUCTION

L'objet ciblé par notre travail définit
une recherche qui puisse observer
opérationnellement la coordination d’un
geste de percussion avec cet autre geste
audible qu’est 1a parole,

L'une des phases de la fabrication
traditionnelle des sifflets d'écorce, au
printemps, met e¢n jeu une telle
coordination. C’est aprés avoir effectué
ph.mcu;s. opérations préparatoires, que le
sujet saisit son couteau par la lame — entre
le pouce et la phalangine de 1’index, dans
une prise par opposition pulpo-latérale [2)
~ pour battre en rythme un petit trongon
de fréne. Ce faisant, il scande en dialecte
une formulette d’incantation 2 la séve (cf.
Annexe). Cette étape a pour but de
réussir 3 détacher du bois le manchon
d’écorce.

, Ce geste du bras produit, en
I'occurrence, une séquence de
Ppercussions perpendiculaires lancées
diffuses [S]: nous I’appellerons “geste de
volée”, comme la volée du marteau.

Décrire 1a coordination rythmique entre '

I’émission de la formulette et la
roduction du battement, par
cnregistrement de I'image et du son, tel

est le but premier de cette communication.

2. CINEMATIQUE DU GESTE DE
VOLEE

Le sujet (P.M., 4gé€ de 65 ans en mai
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1988, lors de I'enregistrement, chez lui &
Autrgms, Isere) a €té filmé en extérieurs,
en vidéo 8 mm (PAL), avec une caméra
SONY CCD-V200. La posture de base
utilisée, lors de I’effectuation du
mouvement, est une position assise
courbée [8) (Fig. 1). Le rameau de fréne,
reposant sur la cuisse, est tourné
graduellement par la main gauche; seul le
membre maniant le couteau se déplace,
mettant en jeu deux segments corporels
mobiles, la main et I’avant-bras.

Nous avons analysé ce mouvement de
la main droite en vue latérale. Dans la
présente description nous n’avons retenu
cl;;xe 4 points significatifs (sur 7, cf. Fig.

(a) Articulation métac -phalangienn:
de l'index; arpo-p gienne
(b) Intersection lame-doigt;

(c) Intersection lame-virole du couteau;
(d) Motlle du rameau de fréne.

Un poste de numérisation et de
traitement d'images [4] nous a permis de
mesurer  différents paramétres
kméslol_ogiqucs, nous donnant trajectoires
et fg\zcuons temporelles, échantillonnées A

Les parametres retenus ici pour décrire
les relations main-couteau et couteau-
sifflet sont : 1’ angle phalange-lame et la
distance virole-moélle. Ces paramétres,
¢dités en fonction du temps (Fig. 2), ont
rendu possible le repérage de plusieurs
relations de phasage: la distance diminue A
mesure que la valeur de 1’angle augmente;
ct elle atteint son minimun 2 la premiére
inflexion de variation angulaire, qui
correspond a I'impact de la percussion
(cf. zoom Fig. 2)

Ainsi ’organisation temporelle du
cycle de volée (d’une durée de 260 ms, en
moyenne) peut déja se lire, sur le seul

A - 4 4 a

signal de la variation angulaire, comme un
geste en trois phases (Fig. 2):

-lancé (depuis la flexion maximale jusqu’a
I’inflexion de percussion);

-percuté (depuis cette inflexion jusqu’a
I’extension maximale);

-relevé (depuis I’extension maximale
jusqu’a la flexion maximale).

Ces trois phases ont respectivement,
une durée moyenne de 80, 60 et 120 ms,
soit 31, 23 et 46 % du cycle. Les études
de gestes traditionnels comparables sont
rares. Une recherche ethnotechnologique,
réalisée en Normandie [1], nous a permis
cependant de comparer diverses
percussions, dont celle d’un bourrelier,
qui assouplit le cuir avec son marteau
rivoir. Avec une durée moyenne de cycle
de 234 ms, décomposable en trois phases
— une descente (lancé), un contact (qui
correspond 2 notre phase de percuté) et
une montée (relevé), soit 32, 23 et 45 %
du cycle —, son organisation temporelle
est en fait rigoureusement identique 2 celle
de notre battement du sifflet.

Ces gestes possédent une phase
efficace de lancé rapide (=30%) et font
donc partie d’une sous-classe de
mouvements diadochokinétiques, la
percussion impliquant une forte asymétrie
temporelle.

3.0RGANISATION TEMPORELLE DE
LA PERCUSSION EN FONCTION DU
SIGNAL DE PAROLE

Sur le signal audio, échantillonné 2 16
KHz, la mesure du cycle de percussion se
précise, confirmant sa régularité : la
variation maximale autour de la moyenne
(260 ms) est seulement de 30 ms
(mesures prises sur le pic d’intensité); sur
un nombre de battements donnant
effectivement lieu a percussion (ce qui
n’est pas le cas de certains battements “de
démarrage”, cf. infra), qui est exactement
de 43 a chaque récitation de la formulette.

L'étude de la relation temporelle entre
le pic de percussion et le début de la
voyelle suivante (c'est-a-dire
1'établissement d'une structure
formantique définie) a fait apparaitre une
variation importante, de 0 & 100 ms.
Lorsqu'on examine la distribution de ces
percussions, on constate pourtant que
celles-ci ne se produisent jamais avant la
fin des voyelles précédentes. Il semble
donc que la contrainte de couplage impose
que chaque percussion tombe au
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minimum dans la phase obstruante du
signal de parole, c’est-a-dire dans la
phase qui est typiquement celle des
consonnes.

4.CONCLUSION ET PERSPECTIVES

L'analyse de la performance de P.M.
nous a permis de mettre en évidence une
coordination — apprise dans I’enfance —
entre geste et parole.

Les résultats obtenus réveélent un
calage réciproque de la parole et du geste.
Dans le démarrage des séquences, le geste
se cale d'abord sur la parole: ce que
révelent certains coups donnés “a vide”.
Puis celle-ci doit s’ajuster dans le cadre
d’une parfaite succession des battements :
quelle que soit la durée intrinseque des
syllabes, chaque percussion doit tomber
entre les voyelles, autrement dit “sur” les
consonnes, en fonction d'attague dans ces
syllabes.

Nous sommes encore loin de
comprendre suffisamment cette
coordination geste-parole. La
connaissance des ‘“fréquences propres”
des systémes en jeu nous permet pourtant
de constater que la fréquence d'ouverture
et de fermeture du tractus vocal — qui
correspond au rythme syllabique régulé
par la mandibule (soit 6Hz £ 1 [9] ) —,
peut aisément s'ajuster 2 la fréquence des
battements régulés par le couple main-
bras (qui est de 4-6 Hz en cadence
rapide [7}). Cette coordination rythmique
du geste et de la parole semble donc ici
ralentir la fréquence de modulation du
conduit vocal, puisque celle-ci est
entrainde 4 4 syllabes/seconde, par la
cadence choisie pour le bras.

Cette premiére analyse devrait pouvoir
nous informer, entre autres, dans ses
développements, sur le paradigme illustré
par Klapp [3]. L'une des “deux choses
faites 2 la fois” étant la parole, il ne serait
pas sans intérét de tester la perception de
la position des percussions dans la
syllabe, par rapport A la théorie des
Perceptual-Centers [6]. C’est ce que
d’autres enquétes et d’autres expériences
devraient nous permettre d’aborder.

Cette recherche a été rendue possible grice au
soutien du Musée Dauphinois et du PPSH
Rhone-Alpes n°20.
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ANNEXE

{'sava 'sava si vi'sé Stve! Stve! Saint Vincent!
meta 'pajs meta ‘fé Moitié pmllc, moitié foin,
l.v:a;vla'reta pa si ‘bjé “Stverette” pas si bien

a ‘merda do po'j Que la merde du poulain
v& 'bjé Viens bien!
di're Disrien! -
eklapa 'r&] Fends “rien™!

(PM., 65 ans, Autrans, 12-5-88; formulette du sifflet, en dialecte francoprovengal)
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INTEGRATION QF AUDITORY AND VISUAL COMPONENTS
OF ARTICULATORY INFORMATION IN THE HUMAN BRAIN

Reljo Aulanko and Mikko Sams’
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ABSTRACT
In normal face-to-face conversation, both

auditory and visual cues are used in

speech perception. When the cues are
contradictory, a perceptual "fusion” may
arise, as in the "McGurk effect”. Using
magnetoencephalography (MEG), we
measured the neural responses elicited by
concordant and discordant audio-visual
articulatory cues in the human brain. The
auditory syllable [pa] was repeatedly pre-
sented to 10 subjects, together with a
videotaped face articulating either [pa] or
[ka]. The same auditory stimulus, pre-
sented with different visual face stimuli,
elicited different magnetic responses in the
auditory cortex. This indicates that visual
articulatory information has an effect on
the processing of auditory phonetic infor-
mation in the auditory cortex.

1. INTRODUCTION

Speech perception is audio-visual in )

normal face-to-face conversation. Seeing
the articulatory movements of a speaker’s
face provides complementary information
for speech comprehension. The visual
cues are especially needed in a noisy envi-
ronment and by listeners with hearing de-
fects [1, 3, 15].

Visual information is obviously help-
ful, e.g., in discriminating between labial
and non-labial consonant articulations or
between rounded and unrounded vowels,
but other distinctions are also reflected in
the muscular movements of the face [7].
Even the difference between falling and
rising intonation can perhaps be conveyed
by visual cues alone [4].

Visual articulatory information affects
the perception of an auditory speech
stimulus although people with normal
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hearing are not usually aware of this. A
convincing example of the importance of
visual cues is the illusion sometimes
called "McGurk effect”. It refers to the
phenomenon where a subject is presented
with conflicting articulatory information
through the auditory and visual modalities
causing him/her to perceive speech
sounds which are combinations or fusions
of the visual and auditory cues [8—11].
The most frequently cited classical
example of this audio-visual illusion is the
case of an auditory syllable [ba] presented
with a videotaped face articulating [ga]
eliciting an auditory perception of [da] (8,
10]. This illusion usually remains stable
even after the subject is told about its
nature. :

There is no exact information about the
actual neural basis of audio-visual speech
perception. It has been stated that, after its
preliminary analysis in the occipital cor-
tex, the visual language reaches the angu-
lar gyrus where it is reorganized into audi-
tory form [S]. It has also been proposed,
on the basis of brain damages, that the
ability to lip read is a function of the left
occipito-temporal cortex [2].

In this experiment [13] we made neu-
romagnetic measurements to locate the
neuroanatomical area ih which the integra-
tion of auditory and visual components
takes place. As a first step towards this
goal, we wanted to see if visual articula-
tory stimuli have an effect on the process-
ing of an auditory phonetic stimulus in the
human auditory cortex.

2. EXPERIMENT -
2.1, Subjects *

Ten healthy adults (4 females, 6 males;
9 native speakers of Finnish, one of
Swedish) were studied individually.
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2.2. Stimuli

The stimuli were edited from a video
recording of a Finnish female speaker ar-
ticulating the CV syllables [pa] and [ka].
The auditory [pa] syllable was dubbed to
the visual [ka] articulation, and combina-
tions where the visual and auditory stimuli
were in concordance (V=A, 84% of the
stimuli) and where they were discordant
(VzA, 16% of the stimuli) were joined to
a continuous film of a speaker articulating
one or the other of the syllables 800 times
with an inter-stimulus interval of about
one second. In seven subjects, the prob-
abilities of the audio-visual stimuli were
also reversed (V#A 84%, V=A 16%).
The auditory stimulus always remained
the same syllable [pa) with a duration of
215 ms and an intensity of about 70 dB
SPL. In a control condition, the face was
replaced by a short green (84%) or red
(16%) light (LED) stimulus, which pre-
ceded the auditory syllable by 350 ms.
2.3. Magnetoencephalography

The neuromagnetic responses elicited
by the stimulation were measured using
magnetoencephalographic (MEG) record-
ings. MEG provides a powerful, com-
pletely noninvasive tool to investigate cor-
tical activity in human subjects. In this
method, the weak magnetic signals asso-
ciated with neural currents are recorded
outside the head by means of SQUID
(Superconducting QUantum Interference
Device) magnetometers [6). The field is
measured at several locations and its cere-
bral source is often modelled with an
equivalent current dipole (ECD). The pa-
rameters of the model are the location, ori-
entation, and strength of the source.
2.4. Procedure

During the experiment, the subject was
lying on a bed in a magnetically shielded
room with his head firmly supported, and
the auditory stimuli were led to his right
ear while he was watching the video
monitor through a 12-cm diameter hole in
the wall. In the control condition, the LED
was attached to the wall beside the hole.
The task of the subject was to listen care-
fully to what the speaker was saying and
to count silently the number of all audito-
ry stimuli, and to report the count after the
session. Thus, the subject was not asked
to react differently to the two stimuli. The
only difference in reactions was supposed
to be the different "silent identification”.
We could not ask the actual perceptual
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id%nﬁtyofcach&dlemsﬁmuagmdﬂa
subject during the experiment,
the experiment we checked that the subj
really heard the identical acoustic stimulus
as two different syllables. :
Magnetic ficld maps were constructed
on the basis of recording over the left
hemisphere with a 24-channel S&g‘m-.
gradiometer which samples two deriva-
tives of the radial component of the mag-
netic field at 12 locations simultancously.,
The instrument detects the largest si
just above a dipolar current source.
exact locations and orientations of the
gradiometers with respect to the head
were determined by passing & current
through three small coils, fixed on the
scalp, and by analyzing the magnetic field
thus produced. L
The experiment consisted of presenting,
a frequent "standard” stimulus and an in-
frequent "deviant” stimulus in a pscudo-
random order. In such conditions, an au-
tomatic neural difference detection process
has been observed, the so-called mis-
match response, which indicates that the
nervous system has detected a change or
difference in the repeated stimulation {12,
14]. :

3. RESULTS :

The subjects perceived a strong audio-
visual illusion: they heard the V#A stimuli
cither as [ta] or [ka] or something in be-
tween.

The magnetic responses to the frequent
V=A stimuli typically consisted of three
consecutive deflections, peaking at 50,
100, and 200 ms (Fig. 1). Similar deflec-
tions are elicited by any kind of abrupt
sounds and can be explained by
cquivalent current dipoles in the
supratemporal auditory cortex. '

The magnetic responses to infrequent
VA stimuli had 50-ms and 100-ms de-~
flections similar to those elicited by the
V=A stimuli. However, Starting "at
approximately 180 ms, the two resg $
were different. A rather similar difference:
waveform (responses to the frequeny
stimuli subtracted from those to the. infre~
quent ones) was elicited by infrequent
V=A stimuli among frequent V#A stimuli,
Howemc;ilg)nafl:e;o the auditogrd syl-
lables y uent green n-
frequent red light stimuli- were identical
(Fig. 1).



The infrequent V#A stimuli elicited a
distinct difference waveform in 7 out of
the 10 subjects. Infrequent V=A stimuli
elicited such a waveform in 6 out of 7
subjects studied, including those three
who did not show it to infrequent V#A
stimuli. Visual articulation presented
alone, without the auditory input, elicited
no response over the left temporal area in
the two subjects studied.

4. DISCUSSION

The results of this experiment indicate
that visual articulatory information has an
effect on the processing of the auditory
phonetic information in the human brain.
Identical auditory syllables, presented
with two different visual face stimuli,
were heard as two different syllables. The
neuromagnetic responses to acoustically
identical but perceptually different audito-
ry stimuli suggest that the processing of
speech sounds in the human auditory cor-
tex can be affected by visual input. The
neural activity originating from the audito-
ry cortex was not correlated with acousti-
cal energy but with auditory, especially
phonetic, perception.

The response distributions in this ex-
periment could be explained by ECDs at
the supratemporal auditory cortex, show-
ing that visual information from the articu-
latory movements may have an entry into
the human auditory cortex. This is consis-
tent with the very vivid nature of the audi-
tory illusion. We did not see coherent ac-
tivity in the two areas suggested by
Geschwind [5] and Campbell [2], i.e. an-
gular gyrus and occipito-temporal cortex.

In face-to-face communication speech
can be "seen" before it is heard; visual
cues from lip movements may exist in
some cases hundreds of milliseconds be-
fore the corresponding auditory stimulus.
Visual [ka] information might prime such
auditory neurons which are tuned to any
non-labial consonant followed by an open
vowel. Due to priming, the auditory [pa)
might activate the [ta] and [ka] "detectors”
more vigorously than the [pa] detectors,
giving rise to biased perception. Our con-
trol condition with light stimuli shows that
the found difference waveform clearly
cannot be explained by different degrees
of attention allocated to the frequent and
infrequent stimuli.
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FIGURE 1, Magnetic responses of one subject, measured with a 24-SQUID gradiometer
over the left herﬁri‘sphcre 3\0 three measurement conditions. Only one of the channels with
the largest responses is shown. The three pairs of traces were recorded over the same area
in consecutive measurements. The number of averages is 500 for the frequent stimuli
(84%) and 80 for the infrequent stimuli (16%). The recording passband was 0.05-100
Hz, and the responses have been digitally low-pass filtered at 40 Hz. The visually pro-
duced difference between the responses to the identical auditory stimulus can be clearly
seen in the two uppermost pairs of traces. The responses to the auditory syllables pre-
ceded by frequent green and infrequent red light stimuli were identical (lowermost pair of
traces). i
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AN OBJECTIVE AND A SUBJECTIVE APPROACH OF SPEAKER
RECOGNITION
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ABSTRACT

‘We consider speaker recognition as an
integration level in the transfer process
from production to understanding. In
tackling speaker's recognition from the
point of view of proximity between
several speakers, we chose two
complementary approaches : a
"descending™ approach, that allows
extracting objective elements in both
auditory and acoustic analysis , in order
to associate voices unknown from the
experimentor ; a “rising” , that
allows bringing to light objective criteria
for the characterization of vocal

proximity between speakers close at a
genetic, acoustic or auditory level.

1. INTRODUCTION
Speaker recognition is considered here as
a key process in speech recognition. The
listener who recognizes someone by his
voice resorts to various treatment
mechanisms : for a global treatment, he
refers to discourse analysis ; for a local
treatment, he sclects acoustic
characteristics which, memorized,
become attributes characterizing one
. From the point of view of the
listener, the two treatment models are
associated and it is difficult to know
whether one of them influences the other
and how docs the listener proceeds in
distinguishing the two. It is often said
that this approach is subjective. In fact,
the recognition by the listener is done in
real time : as soon as he hears the first
words on the phone, he usually knows
who is calling him amongst people he
knows. This observation brings to the

front, in daily practice, an ability to select
and associate vocal attributes with a
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known person. However, sometimes,
doubt disturbs recognition. The listener
hesitates between two people. We are
interested by this situation in as much as
the listener's recognition system is not
sufficient. We decided to tackle speaker’s
recognition from the point of view of
proximity between several speakers.

2. HYPOTHESIS .

Our hypothesis is the following :
whatever the discourse of the speaker
may be, and whatever his emotional
state, the neuro-articulatory and neuro-
phonatory mechanisms which command
and control the speech neurolinguistic
programming are constant. This does not
mean that the way we produce a syllable
remains the same for each speaker, but
that a neurolinguistic invariability
remains as long as a pathological
affection does not alter the voice.

3. EXPERIMENTATION

The experimentation focuses on
comparison between different speakers,
according to two complementary
approaches : one called "descending”, the
other "rising".

In the first approach, we tried to
associate unknown voices that had been
recorded, with models. This
"descending” approach allowed us on the
one hand to extract objective elements in
both auditory and acoustic analysis ; on
the other hand, we were better able to
estimate the notion of proximity between
voices. :

In the "rising” approach, we selected
speakers close in age, with family ties,
with similar ways of talking, and having
voices which are similarly confused on

the phone. Then we tried to bring to light
objective criteria allowing to characterize
vocal proximity.

3.1. Descending approach

The first group was constituted of five
speakers : S.A, S.B, $.C, S.D, S.E, and
the second of twelve, among whom
could be found the five speakers of the
first group. In this case, we had to match
voices of speakers reading a text varying
between 2 to 5 minutes, of which only
some sentences were produced by
speakers belonging to both groups. The
auditory analysis consisted of a
systematic analysis of discourses at &
phonetic level.

3.1.1. Global parameters

The global parameters which were the
most pertinent were rhythm and
intonation. In order to better bring them

to light, we performed a simultaneous .

auditory analysis of two voices
producing for instance the same
sentences. A correlation between
auditory and acoustic analysis allowed us
to bring to the fore front ways of talking
tzh)at are close and distant (FIGURES | &

3.1.2. Local parameters

Afterwards, local analysis parameters
were extracted by spectral analysis : a
systematic analysis of formant
trajectories in key sequences allowed us
to put together or to scparatc some
speakers (FIGURES 3 & 4).

The final results obtained with the help of
this double analysis : local and global,
auditory and acoustic, are positive and
show the efficiency of this approach in

discovering unknown links between

voices and speakers.

3.2, Rising approach

In this case, speakers are known by the
experimentor. The corpus is elaborated in
order to bring to the light formant
structures visible in key words or key
syllables.
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3.2.1. Acoustic proximity
speakers

Thirteen the following
text twice :
"Tu sais, pendant les vacances d la

montagne avec Jean, il y avait de ces
tourbilllons! Les tourbillons étaient trop
fortst®
The selected syllable was [j3] in
"tourbillons”. The results of this analysis
[4] showed a greater or lesser variability
of slopes depending on the speaker. And
particularly they allowed us to select 2
speakers whose slopes were very close.
We recorded these two speakers again,
and we asked them to vary their voice.
One sentence :
"Les tourbillons de Lyon”
was produced 40 times by each of them :
10 times in a normal voice, 10 times
whispering, 10 times shouting, 10
questioning. We tried to extract a cue
characterizing either the articulatory
movement or an articulatory invariability.
- [bijd]
The slope analysis of the two syllables
{bijo] in different voices did not permit
differentiation between the two speakers.

- bl
We noticed that the following cue :

[F4 - F3]
could be dependent of speaker’s vocal
behaviour : when converting these
frequential values in tones, we noticed
that this tonal cue seems to be an element
that could characterize speakers' vocal
behaviour ;

* in the first speaker, the value of this
tonal cue was : 3 tones, whichever voice
was used ;

* in the second speaker, a variation of

this cue was situated between two and
three tones depending on the type of
voice.
It is important to underline that from an
auditory point of view, these two
speakers don't have the same voice, even
if the acoustic analysis shows a very
close proximity,

3.2.2. Genetic proximity

We analysed three sisters' voices Y, L,
N, two of which are often mixed up on
the phone (L & N). We tried to find
whether acoustic cues linked to formant



transitions gave an explanation of this
proximity. .

The tested sentence was the following :
"Il y avait de ces tourbillons! Les
tourbillons étaient trop forts!”,

The key syllable was [j8] in
"tourbillons”. We selected the slope of
F2 between [j] and [0] and calculated it
into tones. We think that this cue should
contribute to define the velocity of the
articulatory movement. We obtained the
following results (FIGURE 5) :
Number of tones for a 40 ms interval :

L -> 6 tones

N ->41/2 tones

Y ~->41/2 tones

Other experiments showed us that this
tonal slope cue of the first three formants
can be steady in some speakers
production and unsteady in others when
they change from normal voice to
shouting, whispering, questioning. We
were expecting to find the same slope
values in L & N, who are often mixed up
on the phone ; in fact, we didn't. We
deduce from this result that results
obtained at the auditory level can
be different from those obtained
at the acoustic level.

4. CONCLUSION

After having tested the relation existing
between the auditory appreciation of a
voice and its acoustic analysis - global
and local -, we extracted the following

points :

- Two voices auditorily close can be
distant acoustically and vice versa ; that is
why it is important to associate the two
approaches which should be considered
complementary.

- If we are looking to characterize the
articulatory movement velocity, it is
useful to take into account the formant 4
and 10 use slope tonal variations.

- However, it should be noted that what
appears to be necessary - during the
rising approach - to the differenciation
between two speakers is not necessarily
sufficient to succeed in identifying a
speaker from others during a dcscendmg
approach,
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In speakers reco as well as in
speech recogaition, n lylte tid
correlation een the different

analysis levels is mecessaty, in
order to avoid favoring cues whu:h
belong to a unique analysis level.
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6. FIGURES
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FIGURE 1 - Two Speakcr: close at the
rhythmic and melodic level
Sentence : "C'est d'accord ou quoi ?*

FIGURE 2 - Two Speakers distant at the
rhythmic and melodic level
Sentence : "C’est d'accord ou quoi 7"

FIGURE 3 - Formant trajectories of two
close speakers
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FIGURE 4 - Formant trajectories of two
distant speakers

3000 s

FIGURE S - F2 transition slope in the
syllable [i5)
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ABSTRACT

We report the results of two experiments
showing that sinusoidal modulation of
the centre frequency of one of a pair of
formant-like spectral peaks increases its
discriminability, as measured by the
difference limen for spectral peak
frequency. The apparent release from
upward spread of masking afforded by
modulation occurs for both noise-excited
and pulse-excited stimuli and is not
closely dependent on stimulus duration;

modulation rate or peak centre
frequency.
1. INTRODUCTION

The specification of formant frequency
in vowel perception requires at least two
potentially distinct stages: one logically-
prior step that isolates a spectral region
corresponding to a local energy peak,
and another that estimates the peak
frequency. Errors are likely in the first
step of identifying where formants are
when spectral peaks are close in
frequency, or when listening in noise,
amongst competing sounds or with an
impaired auditory system. Such errors
will lead in turn to inescapable errors in
the second step of formant frequency
assignment, and thus to probable
inaccuracies in speech recognition
performance.
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Similar problems attend the visual
perception of objects in complex scenes,
where errors in locating the contours of
an object can lead to conspicuous
failures of visual identification. One
powerful source of disambiguation in
visual scenes is movement of the object
or observer, which can provide cues to
the appropriate parsing of the scene into
figare and ground. In essence, the
experiments reported here attempted to
explore the utility of auditory object
movement (an auditory object consisting
of a single resonance) as a way of
specifying for the listener the perceptual
coherence of the energy contributing to a
spectral peak. We hoped by this means
to  improve the accuracy of
discrimination or recognition tasks that
rely on the oprecision of the
representation of peak frequency. We
simulated auditory object movement
using simple periodic modulation of
resonance frequency.

There are demonstrations of the
potentially beneficial role of modulation
for both auditory detection and
segregation tasks. Rasch [2] measured
the masked threshold of a harmonic
complex tone when it was mixed with a
second harmonic complex of lower
fundamental frequency. A 5 Hz, 4%
vibrato imposed on the fundamental of
the higher complex reduced its masked

threshold by 17.5dB relative to its
threshold when unmodulated. McAdams
[1] has shown that modulation of the
fundamental frequency of one of a set of
three concurrent vowels can increase
judgements of its perceived prominence.
Our experiments were concerned not
with fundamental frequency modulation,
but with modulation of spectrum
envelope characteristics. In particular
they sought to establish whether peak
frequency modulation can enhance the
discriminability of a spectral peak when
presented against the background of an

otherwise  unmodulated  spectrum
envelope.

2. GENERAL METHOD

Our basic strategy for measuring the
perceptual  effects of  frequency

modulation involved four stimuli in each
experimental condition. Two of the
stimuli had a single spectral peak (the
“target" peak). In one case the peak
centre frequency was not modulated and
in the .other it was sinusoidally
modulated. The other two stimuli were
like these, with the addition of a second
lower-frequency spectral peak. In these
two-peak stimuli the lower peak was
never modulated and was sufficiently
close in frequency to the higher-
frequency target peak to impair
unmodulated target peak
discriminability. For each stimulus we
measured subjects' difference limen (DL)
for an increase in target peak centre

frequency.

2.1 Stimuli

Stimuli were generated by passing
broad-band noise (experiment 1) or a
100 Hz pulse train (experiment 2)
through digital second-order resonators.
When two spectral peaks were required
the outputs of two parallel resonators
were summed. Resonator half-power
bandwidths were fixed at 100 Hz (target
peak) and 80 Hz (lower-frequency peak).
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Filter coefficients were updated at & rata
of 1 kHz (experiment 1) or 200 Hz
(experiment 2). The depth of modulation
(i.c.the total frequency excursion) for the
modulated peak was 16% of the centre
frequency. All spectral peaks had
approximately equal spectrum level (+/-
2dB). Stimuli were presented at 70 dBA
SPL in broad-band background noise at a
level set for each subject to give the
spectral peaks a presentation level of 10
dB SL.

2.2 Procedure

Difference limens were estimated using a
two-alternative  forced choice trial
structure with two pairs of stimuli per
trial. Ir one pair the stimuli were
identical and in the other they differed in
target peak frequency. The subjects’ task
was to identify the pair containing the
different stimuli. The target peak
frequency DL was taken to be the
frequency difference corresponding to
the 70.7% correct point on the
psychometric function, determined by an
adaptive staircase. Feedback was given
after every response. Subjects were well
practised before data collection began.

3. EXPERIMENT 1

In addition to the basic question of
whether modulation of target peak
frequency could improve its
discriminability, the first experiment
also cxplored the importancé of
modulation rate and stimulus duration.

3.1 Stimuli and Procedure

Target peak centre frequency was set $0-
1500 Hz. Target peak frequency DLs
were measured for single-peak stimuli.
and for two-peak stimuli with a lower-
frequency peak at 1300 Hz. Since our
major concern here was with modulation
of spectrum envelope characteristics the
resonators were noise-excited, producing
whisper-like stimuli with relatively,
fully-specified  spectrum  envelopes.’



Other stimulus manipulations were as
follows. Modulation rate: (i) 0 Hz
(unmodulated), (ii) 5 Hz, and (jii) 10 Hz.
Stimulus duration: (i) 250 msec. or (ii)
500 msec. Data were collected from
seven subjects, including the second
author. i

3.2 Results '

Mean DLs for all subjects are shown in
Table 1. : i
TABLE 1: mean DLs and standard
errors (Hz) for experiment 1

modul: { none SHz | 10Hz

250 ms

1 peak 30.29 38.27 37.64
sem 1.64 205 1.89

2 peak 44.59 37.55 39.34
sem 0.99 228 2.09

500 ms .

1 peak 25.58 33.83 33.41
sem 226 220 128

2 peak 41.34 32.18 35.22
sem 2.19 257 148

For stimuli with a single spectral peak
modulation increased target peak DL.
However, the effect of modulation in
two-peak stimuli was to decrease the
target peak DL relative to the
unmodulated - condition, that is .to
increase discriminability. This was true
for both modulation rates and - both
stimulus durations. DLs were smaller
for 500 msec stimuli, but there were no
reliable interactions between the effects
of modulation rate and duration,

3.3 Discussion :

The results of this experiment show that
sinusoidal modulation of peak centre
frequency can lead to - reliable
improvements in the discriminability of
a spectral peak when that peak is
presented in an unmodulated spectral
context. The absence of any interaction
between modulation rate and stimulus
duration shows that the effect is not

dependent on the number of modulation
cycles. Modulation appears to render
the target peak perceptually more salient
and thus less susceptible to upward
spread of masking from the lower peak.
This occurs despite the tendency for
modulation to spread excitation around
the peak frequency in the excitation
pattern. The similarity in DL for one-
peak and two-peak modulaied stimuli
suggests that modulation endows the
target peak with substandal immunity
from the masking effects of the lower
peak. In terms of the two-stage sketch
of formant perception given in the
introduction, it may be that modulation,
by providing additional information for
perceptual grouping processes, increases
the efficiency of the first stage, in which
the spectral region corresponding to a
spectral peak is identified. The second
experiment sought to replicate and
extend the generality of these results,

4. EXPERIMENT 2

This was concerned with the dependency
of the modulation effect on type of
resonance excitation and target peak
frequency region.

4.1 Stimuli and Procedure
Target peak centre frequencies were set

to 1500 Hz or 900 Hz, with lower-

frequency peaks when present at 1300

“Hz and 700 Hz, respectively. All stimuli
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were pulse-excited with a constant
fundamental frequency of 100 Hz. Other
stimulus manipulations were as before.
DLs were measured in 4 subjects for
each target peak frequency. Most of the
subjects had also served in the first
experiment. :

4.2 Results
Mean DLs for all subjects are shown in

Table 2 for target peak frequency 1500
Hz, and Table 3 for target peak
frequency 900 Hz. :

TABLE 2: mean DLs and standard
errors (Hz) for experiment 2 (Target

Peak frequency 1500 Hz).

modul: | none SHz | 10Hz

250 ms :

1 peak 37.26 | 46.12 | 39.60
sem 3.80 2.19 329

2 peak | 50.88 4229 | 44.24
sem 4.69 251 392

500 ms

1peak | 30.90 | 36.27 34.97
sem 2.86 3.62 3.17

2peak | 45.68 37.95 35.66

- sem 4.19 2.74 3.60 -

TABLE 3: mean DLs and standard
errors (Hz) for experiment 2 (Target
Peak fr quency 900 Hz).

modul: | none SHz | 10Hz
250 ms
1peak | 3252 | 28.60 | 22.68
sem 4.61 6.39 557
2peak | 3845 | 2995 | 2145
sem 5.13 5.65 4.71
500 ms
1peak | 31.25 | 21.51 | 21.28
sem 4.00 554 441
2peak | 37.23 | 25.04 | 2342
sem 4.24 5.14 549
The pattern of results for the two target
peak frequencies ~was somewhat

different. For pulse-excited stimuli with
target peak frequency at 1500 Hz the
results were similar to those obtained in
experiment 1 with noise-excited stimuli
at the same target peak frequency: as
before, modulation apparently gave
substantial immunity from the masking

effects of the lower-frequency peak. For.

pulse-excited stimuli with target peak
‘frequency &t 900 Hz, modulation had the
v effect of decreasing the magnitude of the
DL for single-peak stimuli as well as
two-peak stimuli, relative to the DLs in
unmodulated stimuli. As before, longer-
. duration stimuli tended to have smaller
DLs, but there was no interaction

between modulation rate and stimulus
duration.

4.3 Discussion

The similarity between results obtained
at the 1500 Hz target peak frequency for
pulse-excited stimuli and those from the
first experiment for noise-excited stimuli
suggests that the enhanced
discrimination  modulation  affords
derives from properties of the spectrum
envelope itself and not from the acoustic
detail underlying it. We have data to
suggest that the effect is genuinely
attributable to modulation per se and not
to phasic release from masking as the
modulated target peak frequency
increases above its mean value. The
origin of the differences between the
results for 1500 Hz and 900 Hz target
peaks is not clear. One speculative
suggestion is that modulation of the 900
Hz target peak may lead to detectable
modulation of excitation in a larger
number of auditory filters.

5. GENERAL DISCUSSION

We are aware that our account of the
perceptual mechanism by  which
frequency modulation has its effects is
crude and requires refinement. We
believe the data are consistent with a
role for perceptual grouping processes in

. the coherence that modulation imposes

on the spectral energy contributing to a
spectral peak. We arc assessing the
practical implications of these results by
exploring the effect of second formant
frequency modulation on  vowel
recognition.
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ABSTRACT
This paper deals with visual
mn of anticipatory rounding in
vowel-to-vowel gestures during
acoustic pauses. Visual identification was
studied French and Greek subjects.
Our results show that : (i) rounding
anticipation can be identified only by eye
several  centiseconds  before  any
perceivable sound; (ii) when the pause
tripled, visual anticipation doubled, i.e.
semporal positions of phonemic visual
boundaries were dependent upon the
extent of articulatory anticipation; (iii) but
the boundaries steepness (switching time)
was not; (iiii) the comparison between
French and Greek subjects did not
revealed  significant  differences  in

rounding anticipation capture.

1LINTRODUCTION
Several studies in speech production

have investigated anticipatory vowel
rounding (of which, [1] is the most out-
standing for French), particularly through
consonant clusters, in order to investigate
a major motoric issue, serial ordering.

*As an expert in visual speech
perception, McGurk mentioned briefly an
unpublished experiment [5], with a
reaction-time paradigm : it would appear
to demonstrate that this anticipatory
gesture can be detected visually to identify
CV syllables from lip movements, prior
to their being perceived auditorily. More
recently [2] found, for French [zizy]
syllables, that the anticipation of the
rounding gesture was perceived visually
by the subjects who were able to identify
the [y] vowel before the end of the [i],
whereas it was not detected auditorily as
carly. .
We studied, for French stimuli, visual
perception of such an anticipation in
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vowel-to-vowel gestures without inter-
mediate  consonants, using natural
productions of acoumcally silent pauses
between the vowels. Such pauses have,
of course, a prosodic signalling function.
So it is not the prosodic stream which is
acoustically (if not visually) interrupted,
but segmental information, here roun-
ding. Consequently the general issue to
be tackled is : can this segmental flow be
tracked from the optic signal only, when
the acoustics are disrupted?

In this paper, two specific questions
are focused on : (i) is there visual
information capture of the second vowel
stimulus, prior to its acoustic onset, and,
if so, how long before?; (ii) is there a
shift in the visual boundary for speakers
of Greek ~ who do not have the [y] vowel
in their phonological inventory - by
comparison with native French subjects?

For lack of models strictly dedicated to
the audio-visual perception of speech
anticipation (in spite of [6]), we will use
here the -predictions of three current
articulatory models [7] and transpose
them to the visual level, in order to
evaluate which processing the “eyes”
perform on speaker’s labial gestures :

(i) the look-ahead model [LA] predicts a
maximal anticipatory span, i. €. as soon
as the rounding movement is possible; (ii)
for the time-locked model ([TL],
movement onset occurs at a fixed time
before the acoustic onset of the rounded
vowel; (iii) the two-stage or hybrid model
[H] allows to describe lip protrusion
gestures with two components, a gradual
initial phase, which begins as soon as
possible in a look-ahead fashion, and a
more rapid second phase (its onset is a
plg,altce in acceleration), which is time-
C
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We will try to test these models by
analysing articulatory and visual data.
2.METHOD
2.1.Corpus

We used [i # y] transitions which were
embedded in a carrier sentence : *“m dis :
UHI ise?” [t ydi#yii z], “you
say :...”, where UHI is, by convention,
an “Indian name” and “ise” a third
present of a nonsense verb “iser”.
[tydi#iii: z]is the control stimulus
with IHI as “Indian”. Each transition had
to be produced following two different
pausing instructions, a short [#] and a
long one [#:). Each sentence was repeated
10 times thus giving 40 utterances which
were recorded in random order.
2.2.Video recording

A French male talker was filmed, at 50
frames/second, with simultaneous face
and profile views, in a sound-proof
booth. Talker’s lips were made-up in
blue : a Chroma-key was connected to the
output of the front camera so that the blue
color was transformed to saturated black
in real time in order to realize a maximal
outlines detection of the lip slit The
subject wore black sunlight goggles in
order to protect his eyes against the
1000 W halogen floodlight; a slide rule
was fixed on the right side of the goggles
to ensure adequate profile articulatory
measurements [4].
2.3.Selection of visual stimuli
23.1.Acoustic measurements

Four utterances were selected among
40 after duration measurements of all
intervocalic pauses. They were chosen as
representative of mean durations for the
short pause (# = 160 ms) and the long
one (#: = 460 ms).

2.3.2.Articulatory  processing

For each digitized frame (512 x 512
pixels), eight articulatory parameters,
describing front slit and lateral protrusion
characteristics, were automatically extrac--
ted by image processing [4] and kine-
matics (velocity and acceleration) were
obtained by a cubic spline smoothing of
position functions. Examination of traces
of upper lip protrusion (P1) vs. time (one
of the usually available parameter in
others studies), for [i # y] and [i #: y)]
trajectories, revealed movements profiles
with two components, i.e. hybrid
profiles. Nevertheless (as in [7]), peak
acceleration was not time-locked,
occuring about 120 ms before the acoustic
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onset of the [y] in [i # y} versus 200 r08
in [i # y]. Movement onsct was ncither

time-locked (as in [7]), since it occured
260 ms before the acoustic onset of the
[yl in (i # y) versus 560 ms in i #: y]
(i.e. the protrusion gesture began 100 mg
into the [i] vowel). Finally our
articulatory stimuli correspond better o a
LA model, with respect to dates of
onsets, but they display rather H profiles
(fig. 3 & 4).
2.4.Test procedure

We selected 13 images for short
transitions and 28 images for the long
ones, with 3 images befare pausc onset
and 1 after pause termination. We thug
obtained a total of 82 stimuli which were
presented in random order, with a shift of
5 images between ecach subject. At the
beginning of the test, 4 extra images were
proposed to familiarize subjects with the
task. The stimuli were displayed indivi-
dually to each subject on a high resolution
computer screen. The task was to decide
whether the speaker was uttering [i] of
[y]. Subjects were encouraged to answer
rapidly (within a few seconds) via a
computer mouse.
2.5.Subjects

25 French and 24 Greek normal-
hearing native speakers served as naive
subjects (their hearing and vision acuities
were checked). A good auditory identi-
fication of the [i] vs. [y] contrast was
confirmed for all Greek subjects (mean
score : 93.5%).
3.RESULTS

The identification functions — traced
from [y] percent responses for each
image - have a classical S-shape
(fig. 1 & 2). Of course control transitions
displayed steady state profiles, sinoe
[i —> i} images were generally identified
as [i] (above 80%). Subjects were able to
identify correctly (at 100%) “targets™ of
the presented vowels, i.c. images
corresponding to the non silent outsets of
[y). Moreover, they were clearly able to
capture anticipated segmental information
on rounding (95% correct) up to 120 ms
before the acoustic onset of the vowel,
be they French or Greek.
3.1.Differences and similarities in
visual boundaries

A quantitative comparison between
identification functions was achicved by
Probit Analysis [3]. First, this method
allowed us to date the position of visual

boundaries (corresponding to 50% [y]
responses) with regard to the acoustic
onsets, and to test the significance of time
differences. In addition, it allowed us to
test the parallelism between functions,
thus delivering information on the
possible similarity in steepness between
the boundaries.

For {i # y] : boundaries took place 90
ms before the acoustic onset of [y] for
French subjects, and 80 ms for Greek.

For [i #: y] : boundaries anticipated of
180 ms, for French, and 190 ms, for
Greek.

There was a reliable difference (at
p<0.01) between the two conditions
[i # y] and [i #: y], within each language
group : i.e. when the pause tripled,
visual anticipation doubled. But while the
temporal positions of phonemic visual
boundaries were dependent upon the
extent of anticipation in protrusion, on the
other hand, the temporal accuracy of these
boundaries (i.e. their steepness estimated
by functions gradients) did not depend on
anticipation : 80 to 110 ms were suffi-
cient to switch from [i] to [y] in all cases.

On these two points, there were no
significant differences (p<0.01) between
French and Greek subjects. Notice that
the Greek had a rather fair competence in
auditory identification of [i] vs. [y] (but
their {y] productions were usually biased
toward [i]). The other way round they
could have read the “U” choice as [u]. In
both cases ([y] or [u]) however, they did
not capture significantly less rounding
anticipation than French did.
3.2.Visual perception of anticipa-
tion and articulatory models.

The observed significant shifts in
boundaries could by themselves discredit
the prediction of a time-locked visual
anticipation. In fact, our perceptual as our
articulatory (cf. 2.3.2.) data allow us to
reject strong versions of both TL and H.
models : neither onsets nor peak
accelerations are time-locked on our
temporal functions. What about the LA
model? It can be rejected on the basis of
our visual data only : while the
anticipatory gesturc begins as early as
possible, the subjects ignore visually this
change until it is clearly accelerated
(fig. 3 & 4). More precisely, it is the

of the visual ideatification outset
detected as the first peak of the second
derivative of the smoothed function)
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which reveals itself synchronous with the
acceleration peak of the protrusion gesture
(with a limit discrepancy of 1 image [20
ms] between these two events).
4.CONCLUSION

Rounding anticipation in vowel
production has proved to be reliably
identifiable only by eye several centi-
seconds before any perceivable sound (up
to 120 ms). These results are at least
valuable for stopped images. They need
additional research on movement
processing in speech (especially for
acceleration  detection) and further
elaboration of appropriate models : neither
LA, TL nor H.

The cross-language comparison did
not revealed significant discrepancies in
visuo-temporal boundaries, whether the
rounding dimension was bound to the
front/back contrast, as in Greek, or
whether it was free, as in French [i] vs.
[y]l. Whether this result argues for a
universal lipreading skill, remains of
course an open quest.

* Many thanks to J.-L. Schwartz and
W. Serniclaes for their advices in Probit Analysis
and to T. Brennen for improving our English.
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ABSTRACT

Reduction of silence duration in
an intervocalic voiceless stop consonant
induces mi ion of voicing.
Psychoacoustic results suggest that
temporal resolution could be at the
origin of this phenomenon. In this study
a high correlation was found between
boundary of silence duration and of
voiced murmur duration which supports
this hypothesis. In addition this study
shows that for some hearing-impaired
subjects the time boundary for voicing
misperception can be considerably
greater than for normal hearing. Most of
these  subjects present a simple
temporal shift with a normally steep
change of perception. So for them
adjustment of silent occlusion duration
could be a beneficial acoustical
processing.

1 - INTRODUCTION

The shortening of the duration of
silence in an intervocalic voiceless stop
consonant has been shown to induce a
misperception of voicing in normally-
hearing listeners (Lisker 1957). The
time boundary for this effect is about 60
milliseconds for French as well as for
English (Lisker 1957, Semiclaes 1973,
Lisker 1981). At the fastest speaking
rates closure duration is about 60
milliseconds and on average occlusion
time is shorter for voiceless than for
voiced stop consonants (Lisker 1981,
Port 1981). The -misperception of
voicing induced by shortening silence
duration of an intervocalic voiceless
plosive can be thought to be governed
by classification of the shortest
occlusive duration of silence as
belonging to the voiced category. It can
also be thought to originate from an
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insufficient delay for auditory excitation
of the preceding vowel to decay.
Results from psychoacoustical
experiments on temporal resolution
indicate that at low frequencies around
100 Hz which to the voicing
frequencies of adult males detection of
a silent gap requires a gap duration of
about 60 milliseconds (Shailer and
Moore 1983, 1985, Green and Forrest
1989, Grose et al. 1989). Several studies
indicate that hearing-impaired persons
show deteriration of temporal resolution
(Fitzgibbons and Wightman 1982,
Fitzgibbons and Gordon-Salant 1987,
Glasberg et al. 1987, Nelson and
Freyman 1987, Moore and Glasberg
1988, Grose et al. 1989). It was
reasoned that if decay of auditory
excitation is indeed the basis for voicing
misperception induced by shortening
occlusive silence duration, some
hearing-impaired individuals should
show abnormal time boundaries for this
effect.

Some previous studies dealt with
temporal processing and the perception
of stop consonants voicing for hearing-
impaired persons. Voicing in initial
plosives was found slightly altered only
(Parady et al. 1981, Ginzel et al. 1982,
Tyler et al. 1982, Johnson et al. 1984);
more errors were found for final
plosives (Revoile et al. 1982). And, two
studies indicate that elderly persons
require occlusive durations longer by
about 10 milliseconds (Price and Simon
1984, Dorman et al. 1985).

This study investigated for the
same hearing-impaired subjects voicing
perception of an intervocalic voiceless
plosive as a function of occlusive
silence duration and also the degree of
forward masking of the preceding
vowel.

2 - MATERIALS AND METHODS

Twenty subjects participated in
this study, eight normally-hearing and
twelve hearing-impaired with a sensori-
neural deafness.

Samples of natural speech
tokens "aka" and "aga" were recorded
from an adult male speaker. Speech
waveforms were edited in a computer.
From the "aka" sound eleven tokens
were formed by varying occlusive
silence duration from 0 to 200
milliseconds in 20 milliseconds steps.
From the "aga" sound one cycle of
waveform during the voiced murmur
was selected as having the same
fundamental uency as the "aka"
sound. Bursts of murmur were then
constituted by concatenations of this
cycle and multiplication by a
trapezoidal envelope with a rise time of
20 milliseconds and a plateau adjusted
from 0 to 180 milliseconds in 20
milliseconds steps. Ten final stimuli
were made by adding these various
bursts at the end of the first "a" of the
*aka" sound thus constituting "a+voiced
murmur" stimuli. These stimuli are
meaningless to french listeners.

For tests all sounds were
delivered monaurally through a Bayer
DT 330 MKII headphone. Stimuli were
presented at an intensity of 85 dB peak
SPL at the maximum peak of the first a

- vowel. The contralateral ear received a

broadband noise at about 85 dB above
threshold. In a first test the various
"aka" tokens were presented randomly
ten times each and the subject was
asked to respond each time by pressing
a button marked "k" or "g" according to
his perception. In the second test two
stimuli were presented succesively. The
first was always the first "a" of the
"aka" item and the second was one of
the various "a+voiced murmur” token.
Each "a+voiced murmur” was presented
ten times randomly and the subject was
asked to indicate whether the stimuli
were different or not in anyway by
pressing one of two response buttons.
Before starting each test the subjects
were familiarized with twenty to thirty
presentations of the stimuli.
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3 - RESULTS

Recultsfromtheﬁrstemnmcnt‘ |
are presented in figure 1. socore
cmesofidenﬁﬁmonofvoicingn;
function of occlusive silence i
for normally-hearing individuals were
similar to those iously reported in
the literature. range of resulty
obtained from normals are in
figure as a shaded area. the same
figure all individual curves obtained
from pathological ears are plotted. It
can be seen that about one half of these
curves lie within boundaries for normal
ears, the other half exhibiting abnormal
results. The curves outside the normal
range all show, but in one case, a simple
shft along the time axis keeping a
steepness similar to normal curves,

Figure 1
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Results from the second
experiment gave a series of curves
having a similar shape as those of figuré
1. Five hearing-impaired subjects.
indicated they could not perform this
test in spite of some supplementary

in figure 2. It can be seen that for
normal ears the results seem to-
closely along a line, a correlati
coefficient calculated on these data



indicate the high value of 0.925
significant at the 0.001 level. The
results from hearing-impaired ears show
a considerable scatter, associated with a
correlation coefficient of 0.354 not
statistically ~ significant. = Hearing-
impaired ears with normal results at
experiment 1 also showed normal
results at experiment 2, only results
outside normality show a considerable
scatter. If all normal results are
considered whether coming from
normal or pathological ears ; a
correlation of 0.836 significant at the
0.01 level. In the group of pathological
ears  correlations were  further
considered with the following
audiological data : etiology of deafness,
age of the patient, duration of deafness,
and auditory thresholds at octave
frequencies from 250 to 8000 Hz. Only
two correlations were found significant
at the level of 0.05. They linked
auditory thresholds at 250 and 500 Hz
with results of experiment 1. It must be
noted however that the two worst scores
at experiments 1 and 2 were observed
for patients diagnosed as probable
Meéniére.
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Duration of occlusive silence
versus duration of voiced murmur, both
giving a score of 75% success for all
subjects of these experiments. Black
dots : normal ears, circles :
pathological ears.
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4 - DISCUSSION

Results of this study show an
abnormally long silence duration
needed by hearing-impaired individuals
to perceive correctly the voicelessness
of an intervocalic velar plosive. Data
from the second experiment support the
idea that this .originate from a
deteriorated temporal resolution at
voicing frequency.

The observed temporal shift in
the hearing-impaired indicate that it
may contribute to make their
identification more vulnerable to fast
speaking rates and to noisy background.
This study revealed that the time shifts
for hearing-impaired subjects are
significantly longer than those reported
for elderly in earlier studies
(Price and Simon 1984, Dorman et al.
1985). The normal steepness of
variations in perception may be a basis
for improvements observed when
speaking clearly for the hard of hearing
(Picheny 1986, 1989). It also indicate
that such a signal processing could be
useful to several hearing-impaired
persons. The high correlation observed
in this study between the first and the
second experiment support the
hypothesis of an abnormally long
ringing at low frequencies after the
cessation of a sound in some
pathological ears. Other masking effects
may also occur on the burst or formant
transitions of the following vowel but
they are quite unlikely since they would
occur at higher frequencies where
detection of temporal gaps requires
much shorter durations (Shailer and
Moore 1983, 1985, Green and Forrest
1989, Grose et al. 1989); the
correlations with . audiogram
impairement at low frequencies also
support this notion. The worst results
associated with probable Méniére agree
with  physiological findin on
e:f:p;:;‘nfxe;nal ?r);;rops of altereg? coding
of brief low u sounds (Cazals
and Hormer 1988). i
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PERCEPTION OF SYNCOPE IN NATIVE AND
NON-NATIVE AMERICAN ENGLISH
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ABSTRACT

Native and non-native En-
glish speaking subjects made
forced choice identifica-
tions of word triads embed-
ded in phrases as spoken by
three different English
speakers. The triads con-
sisted of 1) words with ini-
tial unstressed [s?] sylla-
bles, 2) words created by
vowel syncope resulting in
s-clusters, and 3) words
containing s-clusters. A
three way analysis of vari-
ance revealed a significant
interaction between the two
subject groups, word triads,
and the speakers. Native
subjects were better able
than the non-natives in id-
entifying tokens even though
there were no differential
patterns in production.
There was some bias in terms
of speaker and particular
word stimuli.

1. - INTRODUCTION

Both native and non-native
speakers alter the pronunci-
ation of English in casual
speech, but perhaps in dif-
ferent ways. For example,
native Americans frequently
employ syncope or vowel loss
in the pronunciation of un-
stressed . syllables. This
phenomenon is well document-
ed (3] in the case of inter-
nal unstressed syllables and
appears to be correlated
with word stress patterns.
Such reductions seem to be
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more common in English than
other languages because of
its polysyllabic rhythm.
Typically, syllables con-
taining strong beats fall at
irregular intervals and are
surrounded or <flanked by
syllables with weak beats.
Reductions also occur in
initial unstressed syllables
as in the casual pronuncia-
tion of g'pose for suppose.
In fact, vowel syncope may
spill over into more formal
styles as in the network
news commentary reporting
recent "S'preme Court deci-
sions".

In the preceding example,
vowel syncope results in a
word with +two Jjuxtaposi-
tioned consonants resem-
bling a dictionary wora
which does indeed contain a
cluster. For example, vowel
syncope in results
in the production of g'port
which them becomes a pos-
sible homonym with sport.
Just how listeners identify
words containing vowel 1loss
which become homonyms with
real words is the question
of interest in this investi-
gation. It can be hypothe-~
sized that correct word ida-
entification is based on the
semantic content of the mes-
sage. Oon the other: hand,
there could be confusions in
the perception of the target
word unless the phonetic
characteristics of the ut-
terance provide for cues in

its correct perception.
Thus, if the content is am-
biguous, there could be pho-
netic information to aid in
the perception of the in-
tended word.

Before the perception of
words containing vowel syn-
cope can be adequately stu-
died, the actual production
of such items require de-
scription. The phonetic de-
tail of clusters resulting
from vowel syncope was pre-
viously investigated by
Fokes and Bond ({4,5)}. They
tape recorded ten American
English speaking subjects

and four non-native English

speakers who read a series
of six phrases or sentence
sets. Each set contained a
triad of test words embedded
in the same phrase: 1) a
word beginning with an un-
stressed syllable in the
form of ([s»a] followed by
[p] or [k], 2) a real word
containing an initial clust-
er consisting of ([sp] or
[sk), and 3) a word con-
taining an artificially cre-
ated ([sp)] or [sk] cluster
resulting from vowel syn-
cope. The subjects reported
no more difficulty in pro-
nouncing such items as
g8'port than the other mem-
bers of the triad, gport and

. Five tokens of each
phrase for all subjects were
analyzed spectrographicly.
No group patterns were found
for either American or non-
native English speakers in
their ability to differen-
tiate real from artificial
clusters in their speech.
The stops in artificial
clusters were not always
aspirated. - In addition,
these data did not show the
systematic reduction in
length of /s/ in clusters
as opposed to singletons re-
ported by Klatt (5) and by
Crystal and House [1,2]. In-
stead, 4individual subject
patterns in the duration of
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the initial fricative, voice
timing, or stop closure plus
vowel were noted. Such indi-
vidual patterns were not
found among the non-natives.
Rather, they lacked consist-
ency within their own indi-
vidual productions as if at-
tempting alternate produc-
tions in a trial and error
approach. As expected, they
also inserted vowels within
the real clusters which the
Americans never diad.

Since there were no con-
sistent group patterns in
the productions of subjects
in differentiating words
with unstressed syllables,
real clusters or artificial
clusters, one might predict
that listeners would be un-
able to distinguish between
the real and artificial
clusters when embedded in
the same phrase. Alterna-
tively, if 1listeners are
able to perceive artificial
clusters as their target
words with an unstressed
initial syllable, there is
likely information in the

~ speech stream that was un-

detected in the studies by
Fokes and Bond [4,5]. Of
interest also was whether
differentiation between real
and artificial clusters is
an ability restricted to
American listeners or wheth-
er non-native listeners also
are capable of making dis-
tinctions resulting from
vowel syncope.

2., METHOD
2.1. Materials

The stimuli for the pre-
sent study were the produc-
tions from the previous in-
vestigation and consisted of
tape recorded readings of
short phrase or sentence
triads containing test words
1) with an initial un-
stressed syllable beginning

. with [s ], 2) a real [sp] or

(sk] cluster, and 3) an ar-
tificial [sp] or [sk] clus-



ter. Each member of a triad
was inserted into the fol-
lowing phrase sets:
On (succumbing, scumming,
s'cumbing) at parties.
He (secured, skewered,
s'cured) the meat.
The (supplies, splice,
s'plies) of tape.
My (support, sport,
s'port) of baseball.
Four tokens of each item
spoken by three native Amer-
icans and one proficient
non-native speaker who had
been speaking English since
childhood were recorded in
random order to make a lis~
tening tape of 192 items.
The speakers were selected
on the basis of clarity of
the tape and the absence of
any trace of an unstressed
vowel in words containing

either the artificial or-

real clusters. The reduced
vowel was present in the
test words with the un-
stressed syllables.
2.2. Subjects

The two groups of subjects
were college students: 15
native American English lis-
teners and 10 non-native
listeners. The non-native
groups' experience with En-~
glish was 1limited to aca-
demic training in English in
their homeland and from two
to three years English con-
tact at Ohio University.
2.3. Procedure

The subjects made forced-
choice identifications (ex:
splice/supplies) of each of
the tape recorded tokens.
Subjects 1listened via head-
phones in a quiet listening
laboratory.

3. RESULTS

The percent identifica-
tions of the triads by both
groups of listeners are giv-
en in Table 1. The American
listeners identified real
clusters and two syllable
words nearly 100% of the
time. They heard the arti-
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ficial clusters as two-syl-
lable words at variable
rates ranging from 56.6% for
one of the native American
productions to only 7% for
the non-native proficient
speaker.

Non-native listener iden-
tifications of real clusters
ranged from 79% to 90% and
from 86% to 96% for two-
syllable words. They iden-
tified artificial clusters
as two-syllable words from
15% for the non-native
speaker to 47% for one of
the native speakers. Inter-
estingly, the non-native
subjects perceived the pro-
ficient non-native speaker's
artificial clusters as the
target word more often than
the native subjects.

Identifications were also
lexically dependent; s'cumb
was rarely heard as succunb
(8%), while s'port and
S'cured were identified as
two-syllable words 64% of
the time. In fact, with the
word scum removed from the
analysis, identification of
the artificial cluster rose
to 59% for Speaker Four's
productions and to 69% for
Speaker 2. Identification
also rose to a level of 38%
for the non-native speaker
productions as well.

Identification scores were
submitted to a 2 by 3 by 4
repeated measures analysis
of variance consisting of
one between factor (two lis-
tener groups), and two
within factors (4 English
speakers and word triads).
The Greenhouse-Geisser ad-
justed degrees of freedom
were used to test the inter-
action and main effects.
There were the following
significant interactions:
speaker by 1listener group
(F=4.74; df = 2.27,52.11;
p<.01); speaker by word tri-
ad (F = 36.11; df = 3.26,
75.02, p<.0001); and speaker
by listener group by word

triad (F = 5.81; df = 3.26,
75.02; p<.0009). There was
no 1listener group by word
triad interaction. In deter-
mining the source of the
interactions, Speaker One
was clearly different in
that her artificial clusters
could not be identified as
intended by native subjects
but were identified at some-
what higher rates by non-
native subjects. Also sig-
nificant were the main
effects of 1listener group

(F = 23.35; df = 1, 23;
p <.0001); speaker (F =
45.97; df = 2.27, 52.11:

P <.0001); and word triads
(F = 464.22; df = 1.44,
33.11, p <.0001).

4. CONCLUSIONS

The American native sub-
jects were better able to
identify artificial clusters
as the target word contain-
ing the unstressed initial
syllable than the non-na-
tives. This ability cannot
be credited to semantic cues
only since the test words
were embedded in the same
phrase. Subjects, however,
were highly influenced by
specific words and the lin-
guistic background of the
speaker. .

Because there was no sin-
gle invariant acoustic pat-
tern separating real from
artificial clusters, we spe-
culate that both groups of
listeners were using mul-
tiple cues as a basis for
perceptual judgments. That
is, any one speaker may have
used a set of cues which, in
turn, may have signaled the
intended target word.

In addition, listeners may
have the facility of adapt-
ing to the peculiarities of
individual speakers and
their intentions. Apparent-
ly 1listeners are able to
perform in this manner even
when given a minimal amount
of speech data.
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Tabla 1. Means and 95% confidence intervals
for native and non-native English subjects
in identifying the stimulus triads.

TRUE CLUSTERS

Native Non-native
Mean 95% C.I. Mean 95% C.I.
81 99.2 97.9-100 90.4 82.6-98.3

82 98.9 97.1~100 83.8 74.0-93.0
83 97.8 96.3- 99.1 79.2 69.0-89.3
84 99.2 97.9-100 86.7 78.4-95.0

TWO SYLLABLE WORDS

81 99.2 98.2-100 86.7 76.9-96.5
§2 99.7 99.1-100 96.7 92.1-100

83 99.4 98.6-100 95.0 92.3-97.7
84 100 100 -100 95.4 89.6-100

ARTIFICIAL CLUSTERS

81 7.2 3.2-11.3 15.8 7.5-24.1
82 55.6 48.8-62.3 35.7 29.8-43.5
83 48.1 39.0-57.1 42.5 28.3-56.8
84 45.3 37.1-53.5 46.7 32.8-60.6




CENTRAL MECHANISMS OF VOWEL
PERCEPTION, CATEGORIZATION AND IMITATION
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ABSTRACT

Cerebral lateralization of
speech processing depending
on the type of the task
presented, type of answer-

-vocal or manual, side
of stimulation, eto. was
examined. Dominance for
different aspeote of speech
and ocomplex non-speech
sounds perception is shown.
The paper presents the re-
sults of monaural testing
in normal 1listeners, the
stimuli being amplitude-
modulated noise and tones
and CVC syllables with na-
tive and foreign vowels.

1. INTRODUCTION

Speech processing involves
rapid decoding and con-
struction of meaning from a
transitory acoustio s 1.
The neocessary linguistic
skills are usually assooi-
ated with the functions of
the left hemisphere (IH).
The 1last deocades undoub-
tedly proved the fact of
the right hemisphere (RH)
involvement in speech pro-
cessing - both peroeption
and production. It was
shown that IH. mechanism
provides for correct phone-
tio analyesie, enabling to
reduce sound oontinuum to
functionally relevant seg-
ments, while the role ot
the RH is to realize global
template reocognition, dis-
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oriminate the pitoh, 1indi-
vidual voice qualities,
prosodioc features. Our re-
search shows that IH mecha-
nisms seoure acouracy of
process unfamiliar, no-
vel material, while RH pro-
vides for quick orientation
in familiar information. We
have also shown the dif-
ference in hemispheric in-
volvement in the perception
ang. fproduotign of nati\Ir:
and fore anguages.
is 1important to mention
that both hemispheres can
use various cognitive stra-
tegles depending on a num-
ber of factors including
individual differsnoces cau-
sed by genetically program-
med lateralization of ocog-
nitive funotions as well as
those formed as a result of
iome specitio trainiinng -
e background olu-
ding. %ecent data show that
predominant IH or RH influ-
ence on information proces-
eing is determined by the
task factor - either expe-
rimental or real and ocon-
sequently the necessity of

cognitive style ochoiloe:
analytio for one olass of
tasks versus holistio,

Gestalt for the other. It
is oruoial that not all the
sta%es of speech processing
imply hemispheric involve-
ment, i.e. higher ocortiocal
functions - lateralization
can be the result of sen-

sorimotor resolution oapa-
ocities.This paper demon-
strates the research in
oerebral dominance for 4if-
ferent types of information
processing: deteotion, imi-
tation and oategorization
of speech and oomplex non-
speech samples.

The authors are grateful
for the help of prof. N.

Svetozarova, Leningrad
State University, U.S.S.R.
and Dr. K. Ogorodnikova,

Bryn Mawr Coll. PA, U.S.A.
for the oonstruction and
reoording of stimuli set.
Parts of this paper, under
a different title , were
presented at the Annual
Meeting of the Interna-
tional Neurophyziological
Sooiety, San Antonio,
Texas, February 1991.

2. METHODS

2.1, Experiment I

The subjeots were 24 normal
listeners between 20-50
years of age, all native
speakers of Russian, right-
handed. The stimull sets
were CVC syllables made up
of natural speech sounds
produced by a male Russian-
Frenoh bdil l. Russian
stop oonsonants were used
to construot syllables on a

.oomputer and record the

set. The resulting tape

-oonsgisted of 24 triales with

3-s8eo0.interval which per-
mitted subjeots to record

" their responses manually or

voocally. The stimuli were
presented monaurally to the
right or the left ear in
turn. Reaotion time and
type of answer were regis-
tered automatically. All
possible ocombinations of
hands and ears were used.
Subjeocts were asked to give
simple vocal or manual res-
ponse, to imitate the sti-

mulus most acourately, to
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produce or write the
Russian syllable similar to
the target one.

2.2. E&periment II

49 normal subjeots between
24 and 36 years of were
tested. The stimull wers
amplitude-impulse-modulated
sounds of different dura-
tions. Sounds were noise
(frequency e 350-3000
Hz), sustalned tones (250,
800, 1000 and 4000 Hz) and
linearly frequenoy modula-
;eclll}:-ggestwith rising and
a requency ohanges
(from 400 to 700 and from
700 to 300 Hz). The dura-
tion of a sequsenoce of pul-
ses was 0.08-3.2 seo., im-
pulses being linearly
rising or falling. The
rythm was 5-80 pulses per
second (medium - 30 pulses
per second). SubJeots were
asked to oclassify the sti-
muli aoccording to two pos-
sible perceptual parameters
- speech-like and moving in
space (approaching or mo-
ving away). The stimuli
were presented monaurally
to the left and right ears
in quasirandom order. Sub-
Jeots were instruoted to
respond monaurally (left or
right in different =ses-
gions). Reaction time was
automatiocally registered. .

3.RESULTS -

Subjects turned out . to- .be
grouped in two extremes the
remaining arranged in be-
tween as to their psycho-
phyesiologiocal or zation.
The ‘oomparison of the up
differences reveals (iﬁhe
“reoiproocal®™ ocharacter of
one of them, i.e. sharply
different latent times  de-
pending on the stimulation
sides, the parameters of
the stimull being identical
and (ii) the "synaergio"
group demonstrating ap-



proximately the same reao-
tion time irrespective of
the stimulation side and
other conditions; subjects
of this group make signifi-
cantly less mistakes com-
pared to those of the first
one. Exploratory analysis
reveals groups of subjeots
charaoterized by different
hemispherioc involvement in
processing native and fo-
reign 1 e material -
both vocal and manual reac-
tions show it definitely.
3.1.Experiment I

The data provided evidence

of reaction time hierarchy '

in ditterent task types.
The first range is the time
needed Just to hear the
stimulus and start reacting
manually; the second - 1o
decide whioch of the stimuli
was presented and the third
- to simulate artioculation
movements of the stimulus
without phonation. The
greatest reaction time was
registered when the stimuli
were presented to the left
ear, while the response was
given by the left hand; the
least - when the stimuli
were presented to the right
ear and the »response was
given by. the right hand. It
must be noted that though
individual reaction times
may vary around the measu-~
red value the relation be-
tween the ranges remains
stable. Vocal responses
also show hierarchy of la-
tent times. It should be
mentioned that proocessing
of native versus foreign
syllables seem to be con-
trolled by different oere-
bral struoctures: "foreign"
need mostly left hemisphere
mechanisms - both for imi-
tation and categorization;-
(probably it is caused by
the necessity of phonemic
ooding), while native syl-
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both
hemisphe-

lables can involve
(right and left)
res.
3.2.Experiment II
The data showed three dis-
crete es of stimuli
durations revealed in olas-
gification tasks of ampli-
tude-impulse-modulated tar-
gets according to  their
perceptual parameters:
0.08-0.2 ses.; 0.2-0.6
sec.; 0.6-3.2 seo. The
subjeots used these ranges
to identify the stimulus as
hoarse, speech-like (con-
sonant-like with noise car-
rier and accent-like with
tone carrier) or moving
space  (approaching with
rising amplitude and mov
away- with falling one). I
was shown that olassifica-
tion task is being solved
within the same time limits
irrespective of the stimu-
lus acoustic parameters -
rythm of pulses, duration,
carrier frequency, ampli-
tude shifting, the side of
stimulation ete. - in the
average-latent time was 1.5
sec. However, it should be
emphasized that the usage
of "speech-like" criterion
increases by 30 per cent
when the signal 1is being
addressed to the right he-
misph;ge, %ig. to the left
ear. e dings suggest
that classirici%%on gﬁgce—
dure in the given experi-
ment was based on dealing
with individually formed
functionally relevant tem-
plate recognition. Opposite
to 1it, experiments with
amplitude changes identifi-
cation show basic impor-
tance of (a) stimulus pre-
sentation side and (b) the
use of the right versus
left hand for the response.
The maximum differences
were examined in the range
of "speech-like" durations

revealed in olassification
experiment. The data demon-—
strate two main types of
sensory-motor organization
of subjeots, the dependence
of lateralization on the
experimental oonditions -
side of stimulation, type
of task, type of answer
(vooal/manual), ear/hand
ocombinations,eto.

The results have basically
revealed that olassifioca-
tion and imitation procedu-
pes involve different hemi-
sphere mechanisms depending
on individual ocharacteris-
tiocs of subjeots.

4. CONCLUSION
We put forward a suggestion
that in central regulation
of speech all high level
proocessing of new and com—
plex information seems to
be the funotion of ILH,
while familiar information
engages both or RH prefe-
rably. Speeoch processing,
therefore, most probably
uses higher levels in in-
terpret lower levels of
perception. IH provides for
phonemio enooding and
structural analysis of com-
plex acoustio stimuli both
in perception and imitation
usin§ short-term memory; RH
realizes global template
recognition. It  should be
emphasized that perception
is language

depends ., on individual
‘acoustioc and 1 e back-
ground. The data demon-

strate different types of

organization of subjeots

- metry

specitio and-

irrespective of the type of

experiment, whioch is ~of
importance in interpreting
mean or normalized data.
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FACTORS AFFECTING THE GIVEN-NEW
DISTINCTION IN SPEECH
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ABSTRACT

Mouch attention has been paid to variation
in acoustic properties depending on
whether a word is "new” or "given” in a
discourse. The hypothesis of this paper
was that the given-new distinction is
relatively unimportant in the perception of
normal conversational speech. Selected
words and CV fragments from those
words were excised from conversations
with 3 people and their intelligibility was
measured. Sentence stress, the particular
consonant involved and individual speaker
characteristics all affect intelligibility more
than the given-new distinction.

1. INTRODUCTION
Experiments show that the information a
word contributes to a discourse can affect
its intelligibility: more predictable words
tend to be en less clearly than less
ctable words. Predictability that has
been shown to affect intelligibility
includes the meaning and grammar [6],
and whether the word has been used
before in the discourse [2] - the so-called
new-old, or given-new, distinction.

These differences in intelligibility are
statistical tendencies: not all words are
affected, and some of the differences are
small. Moreover, whereas some studies
find differences in acoustic measurements
that correlate with intelligibility
differences, others find no differences in
the same parameters, albeit in different
languages [cf. 2; 4; 5]. N

If the giyenﬂ-new disgnction has a
si t influence on the intelligibili

ofgﬁlxﬁgech, there would be importaz
consequences for models of both human

N
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and machine speech recognition.
However, this paper reports preliminary
work intended to investigate the
possibility that "given versus new" is too
simple a distinction to be useful for
normal conversational speech.

One challenge in studying the given-new
distinction is defining what is “old”
information. Most studies treat the first
instance of a word as new, and later
instances as old, or given. While this may
be appropriate in an analysis of the
discourse, it is unlikely to be appropriate
for predicting the intelligibility of
individual words or parts of words in
ordinary conversations. A second or later
word may be spoken in isolation, or with
contrastive stress, for example, both of
which might be expected to increase rather
than reduce its intelligibility. We do not
question that predictability is one factor
that can affect intelligibility, But we do
suggest that in normal conversational
speech, the given-new distinction has
only a small effect on intelligibility; other
factors will be at least as influential,

Patterns of intelligibility are likely to
depend on the types of discourse and
speech being analysed. Large
intelligibility effects due to the given-new
distinction have tended to be found with
speech that has been controlled for several
aspects of linguistic context, or with tasks
where clarity of speech and style of

ntation are crucial [1, 2]; even here,
Intelligibility also varies with the
information content of the repeated word
and the experience of the speaker {1].

Fluent reading of texts may give a
distorted view of the prevalence of given-

new distinctions in speech. Texts
designed to elicit such differences in
intelligibility are likely to produce them.
But these differences may be much less
likely to occur in normal conversational
speech, which typically has shorter and
less grammatically complex phrases.
Hunnicutt's {4] finding that a greater
intelligibility effect arises with long
sentences typical of the written but not the
spoken language supports this view.

Word intelligibility is also likely to be
influenced by phonetic factors. The

. prosodic context has already been

mentioned. Differences due to segmental-
phonetic structure could depend on the
acoustic properties of the sounds involved
and/or to the phonological inventory of
the particular language. For example,

" stridency is normally a robust acoustic

property, and the range of possible
articulations for a strident sound is fairly
small. Thus stridency involves relatively
little spectral variation even in casual
speech. For languages in which a
strident-nonstrident distinction is
phonemically contrastive, then, strident
sounds might be expected to retain a high
level of intelligibility in most contexts.

A phonetic difference that is mainly
dependent on phonological space is the
leniting of velar stops in English. The
only velar consonants in English are oral
and nasal stops; so, since )/ can only be

* syllable-final, and the acoustic correlates

of nasalization are fairly distinctive and
distributed over time, leniting /g/ and /k/ is
unlikely to pose problems for the listener.
In contrast, alveolar stops share a
crowded section of English phonological
space, and typically are not unlike strident
fricatives in some of their spectral
properties. In comparable phonetic
environments, then, we would expect
velar stops to vary more than alveolar
stops in manner of articulation.

2.EXPERIMENT

To examine the worth of these arguments,
we collected from natural conversational
speech repeated tokens of the same words
spoken by different people. We then
measured the intelligibility of the whole
words and their medial consonant, The
words were all bisyllabic and stressed on
the first syllable. The medial consonant
was (a) the sound of interest (b) where the
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word became lexically unique, and (c) one
of/dgesf/.

Medial consonants were chosen so that,
as far as possible, the immediate phonetic
context was controlled for coarticulation
effects. Medials also allow the possibility
of presenting CV, VC, and VCV portions
of the words to listeners for identification.
Requiring the medial consonant to
represent the word's uniqeness point
greatly constrained the choice of words,
but had the advantage that word
identification would take place under
similar conditions of lexical access [cf 7).

The choice of sounds was governed by
the existence of suitable words and by the
following considerations. 1. /s {/ are
strident; the others are not. 2. /g/ will vary
in manner of articulation more than the
others, so under comparable conditions its
intelligibility should vary most. 3. The
experimental manipulations and acoustic
analyses are more straightforward for
voiced than for voiceless stops [3]. 4. The
fricative /o/ resembles /s {/ in that it is
long (so could have an intelligibility
advantage when excised from running
speech), but it is nonstrident.

3. HYPOTHESES

Over the whole corpus:

1. First tokens of words and of medial
consonantal fragments will not differ in
intelligibility from second tokens. This
will also be true for the subset of first and
later tokens bearing nuclear stress.

2. Tokens with nuclear stress will be
more intelligible than with secondary or
no stress, regardless of how many times
the word has been used in the
conversation.

Isolated sounds will differ in intelligibility
such that: :

3. Strident (/s § /) sounds will be more
intelligible than other sounds overall, and
later instances will be as intelligible as the
first instance.

4. Because we expect /g/ to vary more
than /d/, /g/ will be more likely to show
variation due to the given-new contrast
and to differences in sentence stress.

5. People will differ in the overall
intelligibility of their specch and in how
much it conforms to these predictions.



4. METHOD

The sclected materials were sorted into
four ‘topics’. Two women and one man,
speakers of Southern British English,
ecach discussed them with the
experimenters in a sound-treated room.
The speakers all knew the experimenters,
and spoke in relaxed conversational style.
Pictures were used to stimulate and guide
discussion towards the words we were
looking for. In the vast majority of cases
the experimental subjects were the first
users of the words of interest.

The repeated experimental words selected
from within each speaker’s discussion of
the relevant topic were: 1. the first
production of the word; 2. the second
production; 3. where possible, the next
production contrasting in stress with the
second token. In this paper, the third
tokens are only used in comparisons of
nuclear with other stress levels. The
resulting 21 word sets were digitally
excised from their fluent contexts and
recorded onto digital audio tape for
presentation to listeners.

For word identification, tokens were
heard in white noise at a signal-to-noise
ratio of 5dB above the average intensity of
the speech (excluding silence). Each
subject heard only one token of each test
word, counterbalanced across nine
versions (3 speakers x 3 repetitions). The
ISI was 4s, during which subjects wrote
down the word they had just heard. Each
test list had between 17 and 19 words and
was preceded by 6 practice words.

In a second task, fragments containing
consonantal information were excised: for
stops, the burst and following 80 ms; for
fricatives, the frication period plus 40 ms

of the following periodicity. No noise was

added. Each listener heard all excised
segments in one of two randomisations,
preceded by a 6-item practice list. The ISI
was 2s, with a longer ISI after every tenth
item. Listeners wrote down the
consonant(s) they heard.

90 students completed the word
identification task (10 on each version);
10 further students took part in the
consonant task. Both tasks were open
response. Listeners heard the materials
over headphones in a sound-treated room.
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 stress (66% vs 53%).

5. RESULTS

The predictions were tested using
ANOVAs, with designs ™ differing
according to We summnaris¢
some of the more interesting respits

far. Differences reported as signi
achicved a probability of 0.05 or better.

Words. Following [2,3] a response was
scored as correct only if the whole word
was identified correctly. Our argument
that conversational speech should show
no general tendency for the new-given
distinction to appear is su t;y the
finding of no overall effect for this factot
in the intelligibility scores. In contrast to
this, we find a clear effect of stress typet

- words carrying nuclear stress are

significantly clearer than others (683% v
50%). Taken together with the
distribution of stress types in our sample,
this goes a long way towards accounting
for the lack of a new-given distinction.
The new items almost all have nuclear
stress (92%), and so do a large minority
of the given (44%). Unsurprisingly,
amongst the words carrying nuclear
stress, there is no effect of new vs given.
There were also no overall speaker
differences for word intelligibility.

In an attempt to control for some of the
variability in parameters other than that of
_new vs given, we chose a subset of
materials with comparable phonetic make-

up (one word, produced by all speakers,
fmmcachoftheﬁvesoung ). In this
subset new items are significantly more

intelligible (78% vs 45%). However, it is
gossible that there is a confounding effect

ere of prosodic context, since lg of 15
new items are in nuclear position, but 4 of
15 given. Further work is needed here.

Consonants. In scoring of the

identification of consonants, we are
interested primarily in place and manner:
errors in voicing only are therefore
counted as correct. As expected, we
found significant effects of sounds and
speakers. Strident fricatives achieved by
far the best scores @/: 91%, /s/: 87%/),
with /d/ and /g/ intermediate (56% and
55%) and /e/ worst (19%). The stress
effect found for the word task is replicated
here, with significantly fewer errors for
consonants from w bearing nuclear

The /d/ and /g/ groups were evaluated
further to compare the contrast in
“stridency” and “phonological space”
discussed above. The figure shows the
predicted significant interaction of sound
(/d-g/) with given-new, as well as main
effects of speaker and given-new. On the
whole, /g/ loses intelligibility on repetition
whereas /d/ does not, but the effects are
much greater for some speakers.
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6. CONCLUSION

Our hypotheses regarding whole words (1
& 2) were supported by the general
finding that sentence stress affects
intelligibility more than the simple given-
new distinction. The hypotheses for
consonants were partially supported in
that strident fricatives were always highly
intelligible (3), and in that given-new
differences appeared for /g/ but not /d/ (4).
However, the sentence stress effect found
for whole words did not appear for
isolated consonants. Whereas speakers’
whole words did not differ in
intelligibility, there were large differences
in the intelligibilty of their isolated
consonants (5). This finding suggests that
individuals vary in how much they
distribute acoustic cues within words;

- listeners’ perceptual strategies must show

the required flexibility [cf. 3,7).
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ABSTRACT
It i now well reocognized
that the right hemisphere
is conocerned with prooces-
eing of prosodic features
of speech - intonation,
rhythm and stress. There
are however contradictory

data concern . linguistio
‘prosody as most of the re-
searoch -involve affective

stimuli. only. The paper
deals with neural aspeots
of both kinds of prosody in
normal listeners. The re-
sults show hemispheric spe-~
clalization for linguistio
and affeotive prosody,the
latter being a complex con-
tinuum,

1. INTRODUCTION

A role of the right hemi-
sphere in the mediation of
emotional speech was shown
as early as 1874 by H.Jaoc-
kson who observed that emo-
tional words (i.e. ocuirses)
were selectively spared in
some ups of aphasios. In
1947 J.Monrad-Krohn demar—
cated -the processing of
affeotive and 1linguistio
prosody. He was one of the
first to show right hemi-
sphere dominanoce for emo-
tional ocharacteristios of
speech. During the past
twenty years a special role
for the right hemisphere
has been demonstrated for
emotional proocessing, based
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on studies examining ex-
pression and understan

of emotion in brain-damaged

patients and normal sub-
Jeots. Nevertheless in the
majority of papers compre-
hension and production of
intonation as a whole is
still being associated with
the funotion of the right
hemisphere, *intonation®
interpreted by brain- spe-
oialists as emotional char-
acteristics of speech, lin-
guistio intonation be
neglected. There are a 1lo
of oontradiotory data,
showing not only right he-
misphere, but lefft hemi-
sphere involvement in pro-~
cessing intonations of dif-
ferent types. Some results
are difficult to interpret
because of - the- principle
difference in investigation
procedures, stimull sets,
types of questionnaires,
eto. In faoct there is no
adequate hypothesis for
laterality of any prosody
yet. The present  paper
oovers part of a oross-
oultural investigation of
hemispherio role of proces-
eing affective and 1 i-
stic prosody carried ouf in
normal subjeots and in
brain-damaged patients. The
aim of the study is to
clarity the extent to whioch
traditionally known right
hemisphere involvement in
the process 1is adequate.

The paper deals with neural
representation for the per-
ception and imitation in
normal listeners.

2 .METHOD

2.1.Subjects.

Male and female adults,
postgraduates, aged 20-50,
r ~handed.

2.2. Stimli.

The stimuli were Russian
phrages of different proso-
dioc types - both linguistic
and affeotive. The set was

formed of  (i)oommunica-
tively different phrases,
designating types distin-

shed from each other by
intonation alone; (ii)syn~
taotically different phra-
ses - declarative, inter-
rogative, imperative, ex-
clamatory, eto. (iii)phra-
ses with differing sentenoce
accents, depioting semantio
faotors and revealing ocom-
muniocative centers of the
gentence - arbitrary syn-
taotic complexity with me~-
aning differentiating pro-
sody; (iiii)emphatio pro-
sody types, expressing sur—
prise, politeness, anger,
delight, eto., all chosen
at random. The stimulil were
read and recorded by a pro-
fessional.
2.3.Procedure. )
Every subject was listening
to the same recording. The
gtimuli were presented mo-
naurally to either the left
or the right ear in random
order, noise being presen-
ted to the other ear. After
the presentation of every
sentence subjeots were as-
ked to choose one of the
answers printed on the
test-cards. The reaction
time and types of answers
were registered. )
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3.RESULTS.

The data demonstrate right-
hemisphere advantage for
processing emotional stimu-
11 - there were signifi-
cantly fewer errors and the
shortest 1latent periods
when the stimuli were pre-
sented to the left ear than
to the right one. Communi-
catively or syntaotiocally
different phrases appeared
to be a complex perceptual
domain - some intonation
types -"analytiocal"” -seem
to involve left hemisphere,
while the others -"Gestalt-
like"- show a privileged
role of the right hemi-
sphere. Sentences of dif-
ferent phrase aocoents
showed surprising latera-
lity effeocts ~-the majority
of subjects revealed left-
hemisphere dominance acocor-
ding to reaction time and
correctness of  answers.
This stands in marked oon-
trast to the results for
prosody peroeption reported
earlier, Adequate imitation
of prosody did not reveal
definite right hemisphere
superiority as it oould be
expected a priori. It ap-
peared that ocognitive and
communicational validity,
the de e of syntactio
complexity and novelty oan
produce strong effect on
hemispherio preference.’

4.CONCLUSIONS. -

Our previous research da&a-
monstrated  that right-
hemisphere mechanisms may
be responsible for adequate
aotual sentence division
and for other semantio fao-
tors needed for sentence
interpretation (e.g. proso-
dio expression of given/new
distinction -  funotional
sentence perspecotive). Our
experiments in 1linguistio



competence show that cere-
bral hemispheres play es-
sentially different roles:
the right one operates
largely with extralin-
guistio reality, it relates
gign to its different. The
left hemisphere interre-
lates signs, refines the
process of speech produc-
tion. In analyzing grammar
it wuses  transformational
rules while the right hemi-
sphere uses “gilven/new"
strategy, which in Russian
may be provided by the de-
finite word order of speci-
fic prosody - the fact that
has never been investigated
in the light of hemispheric
specialization.

The findings under disocus-
sion su%gest that not only
linguistic prosody may be
associated with left hemi-
sphere mechanisms versus
right hemisphere mechanisms
ag emphatic but that 1in-
guistio prosody itself 1is
most possibly divided be-
tween the hemispheres de-
pending on the semantio
factors.

In our study we find evi-
dence for left-hemisphere
preferenoce for the lin-
guistio types of prosody
and right hemisphere pre-
ference for emotional
prosody, which is in accor-
dance with literature data
from brain-damaged
patients. The most informa-
tive appeared to be senten-
ces of different actual
sentence division. The per-

ception of such  phrases
demonstrated surprising
laterality effeots -~ the

majority of subjects reve-
aled left hemisphere domi-
nance for complex phrases
that needed special analy-
sis versus right hemisphere
dominance for  wellknown,
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previously familiar
"Gestalt-1like" phrases,

%sychologioally *idioma-
ic".

We consider these findings
to be of interest because
of several factors: (1)
normal subjects used for
the procedure, (ii) 1lin-
guistically balanced stimu-
1i, (iii) new type of pro-
cedure - noise for masking
the other side of percep-
tion, reaction-time measu-
ring, specially designed
*answer-cards", etc.

NOTE: The help of prof.
N.Svetozarova, Leningrad
State University, in tape
construction and recording,
and her invaluable comments

are gratefully acknow-
ledged.
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AB STRACT

This paper compares acoustical and emporal
cues of /1/ and /r/ in Montreal French and
Buenos Aires Spanish with their identification
in syllabic conext.

Two Argentinian and two French Canadian
speakers recorded short senences in which
A7 and /r/ figure in CY, YC and /a/CY
conkexts with the vowels /i/, /a/ and /0/.
Segments of the waveform were seleced for
perceptual analysis. It was found that, mostof
the tme, in both languages, the Liquids are
percieved &s modulations of the inensity or
the timbre of the contiguous vowel and that
they cannot be identified uniess the seleced
segment contains three or more cycles of that
vowel. The modulations take differsnt shapes
according 0 the language, the consonant, its
place in the syllable and the contiguous vowel.

1. INTRODUCTION

Ce tavail fait partie d’un projet plus vase
porant sur l'analyss des similitudes et des
différences entre les consonnes la¥rales et
vibrantes du parder espsgnol de Buenos Aires
et du parier francais de Montréal. Des études
an¥rieures présentent des observations sur les
PIOprié®s scoustiques et perceptuelles de ces
COnsonnes en espagnol (Guirao et Rosso [4],
Garcia Jurado, Guirao et Rosso [3]) et en
francais (Chafcouloff {1,2], Saneme [5,6,7],
Tousignant [8]).

Nous nous proposons de comparer les
puncipales carac¥ristiques  acoustiques et
wmporelles de /1/ et /r/ en relation avec leur
identification en conexe syllabique, en
particulier de déerminer la durée minimale
nécessaire pour V'identification de ces sons et
Q’snatyser les changements qui inwrviennent
dans Ja portion critique du segment emporel,
¢’esté-dire Ja portion ot il y & recouvrement
des timbres de Ja consonne et de la voyelle
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odjacente. La présente étude doit Ete
compke¥e par une étude perceptuelle faisant
appel & des auditeurs des deux langues.

2. METHODE EXPERIMENTALE

Quatre Jocuturs masculins, deux argentins et
deux canadiens, ont enregistué des phrases
coures conenant les émissions de /1/ et /r/
en conexes de CV, YC et /a/CY avec les
voyelles /a/, /i/ et /o/. L’onde complexe
obenue par ordinatur et dont des exemples
sont illosués dans les figures 1 et 2 de la page
suivante & servi de base & l'étude acoustique.
On pouvait ¥ voir la voyelle, la liquide, ainsi
que la portion critique. Un traitement de ces

sons a ée¥ effectué en wnant compe de leur .

variation dans 1'ordre mporel Nous avons
sélectionné au moyen de cursewrs des
segments du train d’ondes de chacune des
syllabes émises. Nous avons ensuite écou® la
portion correspondant & la consonne afin de
déerminer si elle pouvait éwe identifiée
iso¥ment. Puis les segments ont é# ampugs
de Jeurs extrémitves & commencer par celle de la
voyelle jusqu’a l'obention de la portion
emporelle minimale nous permetiant  de
percevoir encore la syllabe. L’étude a porg sur
ce segment minimum.

3. RESULTATS

D’une facon générsle, Jes liquides se
Pprésenent comme une modulation du timbre
oude 'amplitnde de la voyelle adjacente. Cete
modification pewt s’éendre & LUk la syllabe,
ou se limiter & une partie de celle-ci. Lorsque
seulement une parte de la syllabe est ainsi
modifiée, il est possible d’observer un
“trading off*: une plus grande durée de la
voyelle modifiée avec une durée plus bréve de
la voyelle libre équivaut & la combinaison
opposée d’une durée plus bréve de la voyelle
modifiée avec une durée plus longuve de la
voyelle libre.

A }’.f}'./\},’&&/wm}r/’(/

1 1/a

Figure 1: Esp. [1a]

I

Figure 2: Esp. [ar}]

3.1. Syliabes avec /17

3.1.1. Positions initiale vs finale

En espagnol, lorsque /1/ est en position
initiale, ou observe un segment de basse
amplittde dont le tmbre est celu d’une
voyelle neutre suivi d‘un autre de plus grande
amplitude qui correspond s noyau vocalique.
La transition entre les deux segments est
abrupte avec /a/, moins abrupte avec /o/ et
groduelle avec /i/. En frangais, la syllabe avec
/a/ présente les mémes caractristiques que sa
correspondane espsgrole. Par contre, avec
/o/, on a observé chez un locuwur une
diphtongsison, /1/ étnt pergu comme un i}
et la syllabe, [io], au lieu de [lo]. Enfin,

lorsque /i/ est la voyelle, chez un des
informateurs, il y a superposition compléte
entre celle-ci et Ia liquide, de sorte que le
segment entier se¢ peroit comme un {i]
prolongeé.

En position finale, /1/ espsgnol monte une
transition greduelle entre les voyelles /a/ et
7o/ et la liguide et celle-ci se percoit comme
une modulation d’amplitude de celles-la. En
conexe de /i/, chez un informateur, 1 y
superposition cmnplet de la liguide et de la
voyelle, alors que chez l'autre, on peroit
4’abord un [i] suivi d ‘une pulsion sans timbre
défini, elle-méme suivie d’'un autre [i)
d’amplitude plus faible que le premier. En
frangais, on observe une transition greduelle
des trois voyelles avec la consonne, A cela pres
que, dans les conexes de /a/ et de /i/,

3'ajoute wne vélarisation, /il/ et /al/ étant
pergus respectivement [iw] et [ao]. A noter gue
le /o/ précédant /1/ dans les segmens
frangais est la voyelle bréve ouvere comme
dans &0/, ron e 70/ fermé long de role

A l’excepmn des contexes o1 la liquide et la
voyelle se recouvrent compléement, la durée
du segment critique pour les deux langues eat
de ’ordre de 20 & 30 msec en position initisle
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et prés du double en position finale.

3.1.2 Position intervocalique /a/CY
En espagnol et en frangais, les séquences
/ela/ et /alo/ reproduisent les mémes phases
que celles déjd observées dens les
combinaisons /al/ , /ta/ et /lo/ et les
segments critiques sont de durée compareble
en espagnol, legemmem supérieure  en
frangais. Quant & la séquence /ali/ de
V’espegnol, si on peut bien mconnmtxe le
passage de la pxexmexe voyelle & la liguide, i
1’en va pas ainsi pour le passage de celle-ci &
/i7, parcce que, dés le début de son
demulemem n/ prend le timbre de cete
voyelle. Pour ce qui estde la méme suite en
frangais, on constate que /a/ se transforme en
{e] par harmonisation partielle avec la voyelle
/i/ et que la liguide prend elle aussi ce
nouvesu timbre: /ati/ devient [eei).

3.1.3. Les durées minimales

TABLEAU 1
Durées minimales des segments permettant de
reconnaitre la liquide /1/ {msec)

Informateurs

argenting canadiens

lex 2¢ ler 2¢

fa/ 65 68 S0 43
Aiz 117 178 *140 115
o/ 70 60 ™ 89
fal/ 97 175 100 116
1/ *187 105 161 234
Jol/ 125 8 98 132
fela/ 123 124 104 121
fali/ 110 145 129 110
falo/ 140 140 169 175

*Superposition totale de la voyelle et de la
liquide.



Les portions de durée du wblean § occupées
par 1a voyelle libre variant entre 3096 et 609%
pour Ja position initiale. Des exceptions
s’observent dans le conexwe de /i/: cete
voyelle occcupe en effet 7396 de la durée du
segment espagnol de 178 msec etil ya uncas
de recouvrement complet des deux sons en
frangais. Pour la position finale, la proportion
de voyelle libre se situe entre 2595 et 48%. La
durée minimale nécessaire pour identifier la
liquide est plus grande lorsque celle-ci est en
position finale. En outre, pour chacune de ces
deux positions, & une exception prés, c’est le
conwexe de /i/ qui montre les durées les plus
longues. Tourefois, en position inwrvocalique,
1 y a équilibre dans les durées vocaliques
avant et aprés la liquide parce que chacune des
voyelles fournit un appui favorisamt la
reconnaissance de celle-ci.

3.Z. 3yllabes avec /r/

En général, /r/ espagnol se réalise comme
une intenruption ou un silence dans le segment
vocalique. Ceci est surout vrai en positon
initiale de syllabe. En position finale, en effet,
cete CONsOnNe peut parfois se réaliser comme
une modulation d’imwensi® ou de quali® de la
voyelle précédente. En frangais, /r/ pemt
presener des vibrations gutturales faibles,
observables dans les tracés acoustiques, mais
Pas vujours peryues & 'audition. Il peut aussi
presenter des formants sans vibrations. Dans
les deux cas, le résultat au plan perceptuel est
une modulation de la voyelle adjacente. Il peut
également se Téaliser comme une fricative, &
linswr du /r/ parisien. Enfin, en finale, i
peut diphvonguer la voyelle qui précéde.
3.2.1. Positions initiale vs fimale

La réalisation de /r/ initial espagnol suivi de
/a/ et /o/ ss caractrise par Ja production

d‘une voyelle d’appui dont la durte ne peut

éte inféreure & tois cycls. Cet éément
vocalique est suivi d’une interruption d’une
durée non inférieure & 15 msec. Avec /i/,
Yeppui vocaligue se réduit & wne simple
pulsion suivie de l'inerruption, de sore que
/ri/ est pergu [pri] ou [bri]. En frangais,
devant /a/ et 7o/, /r/ initial est pergu comme
une voyelle de basse inmwensiw et de tmbre
mdéfm} Touefois, dans un cas avec /a7, il
appansit comme un son guttural similaire & une
fricative sonore. Les deux contexwes de /i/ ne
‘permetent pas de percevoir la consonne: dans
1'mn, il y a reduction de surface et oue la
syllabe est disparve; dans 1’sutre, ¢’est un [i)
sans modulation qui est pergu out au long de
la syllabe et )'identification phonologique de
/ri/ ne se fait qu’au nivesu du mot. '
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En espagnol, /ar/ et /or/ se réslisentde la
méme facon que lorsque /1/ wrmine Ja
syllabe, & savoir un segment vocaligoe domt
Uinensié  baisse  greduellement, o
transfonmant en un autrs segment de durbe
égale ou supérieurs. Ce changement se produit
dans un inwexvalle de 40 & 60 msec (segment
critique). Par contre, on trouvera &prés /i/
une inwmruption d’environ 25 msec suivie
d’une voyelle bréve de méme durée, ou une
inerruption suivie d“une pulsion. En francais,
comme en espagnol, /ar/ et /or/ se
présentent comme des segment vocaliques
modulés. Dans un conwx® de /a/ et les deux
conexes de /0/, il y & diphtongaison de Ja
voyelle et /r/ se réalise comme ua [0} ou un
[u]. Enfin, précédé de /i/, Je /r/ montréalais
se pergoit comme une voyelle centrale ou
comme un fe).
3.2.2. Positioa inwrvocaliqee /a/CY
En espsgnol, on voit se meproduin pour les
suies /ara/ et /aro/ ks mémes phases que
dans les suiwes déjd observées de /ar/, /ro/
et /ro/. Bn ce qui concerne /ari/, l:,z”mmm
des deux voyelles odjacentes est
pour l'identification de Ja consonne, celle-ci
éwnnt réduiv & vn bref inervalle silencieux. En
francais, /r/ se tansforme en éMment
vocalique de basse inensi¥. Dans /ara/, cet
éément prend Jo timbre des deux voyelles;
dans /ari/, il prend Je ttmbre de Ja seconde,
tandis que dans /aro/, chez un informatewr, il
adopw Je imbre de la premiére voyelle et, ches
Tautre, il se pergoit comme wn [u].
minimales

3.2.3. Les dwrées
i TABLEAU 2
Durées minimales des segments permetuant de
Teconnaitre Ja liquide /r/ {msec)
Informaeurs
argentns canadiens
fer 2 fer 28
ire/ 90 KE] s2 90
Irit 62 7 "800 -
/ro/ 95 114 137 90
ler/ 97 9 145 280
lirt 98 110 155 90 .
for/ 80 14 197 120
/are/ 13 68 141 150
leri/ 100 97 181 106
/aro/ 100 120 283 157
*1mpossibiliv de séparer /r/ de la voyelle,

Dans les deux langues, lorsque /r/ esten
position initiale, Ja porton du segment
occupée par la voyelle, excluant les appuis
vocaliques des /r/ espagnols, verie entre 33%
816695, avec Une MOyenne aulowr de 505%9623
position finale, cetle portion varie entre

8096 pour l'espagnol (moyenne de S6%) et
entre 1395 et 4095 seulement pour Je francais.
1l famt wuefois nowr que ces pourcenteges
faibles relevés en frangais sont des fractions de
segments relativement longs, puisque /r/
final se présene essentiellement comme wne
modulation graduelle de la voyeDe gni
précéde. Pour cete rxson, les durées
minimales nécessaires pour I'identification de
/v final sont plus longues que celles requises
pour reconnaitee /r/ initial, & plus fore reison
Jorsque celvi-ci est fricatif, comme c’estle cas
pow le segment /ra/ o.'sz msec. En
espagnol cote différence reliée aux positions
+nd & se limiwr au conexe de Ja voyells /i/.
En ce qui concerne la position inervocalique,
il faut noter la durée tés longue du segment
/aro/ chez le premier informateur canadien: ]a
liquide ayant pris le timbre de la voyelle
précédente, elle ne peut étre peryue ot reconnue
avent Je début de I'articulation de /o/.

4. REMARQUES GENERALES

Fn vue de la poursuie de notre recherche,
nous retiendrons les observations générales
suivantees. . .

Une liquide ne peut jamais éue identifite an
plan perceptuel sans la présence d’au moins
une partie de la voyelle adjacente.

/17 est semblable dans les deux langues et se
préssne comme wne modulation d‘amplitade
ot parfois de timbre de la voyelle adjacente.
/r/ est différent, puisqu'en espagnol, il se
présene swout comme une inermuption
précédée d’un appui vocalique, slors qu'en
francais il prend des aspects divers, incluant
ceux d’une fricative, bien que I plus fréquent
que 10us ayons observé soit vne modulaton
de la voyelle adjacenw anslogue & celle
produie per /1/.

La durée minimale nécessaire pour percevoir
Jes liquides est plus Jongue, lorsque celles-ci
sont en position finale de syllabe que
lorsqu’elles sont & 1'initiale. Cecl s’observe
dens les deux langues et dans les wois
conkexes vocaligues en ce qui concerne /1/;
dans Je cas de /r/, cete différence s’0bserve
atssi dans Jes tois contextes en frangais, mais
en espegnol, elle end & se imiwer au conexe
de 4i/. .

Ls conexe de /i/ est différent des conexes

de /a/ etde /o/, lesquels sont similaires e;m
eux. La voyelle /i/ et Ja liquide wendent & se
superposer davantge, ce qui avgmente )
durés minimale nécessaire pour I'identification
de celleci. Il peut méme amiver que cete
identification ne soit possible qu’an nivesun du
mot

En espagnol, /17 et /r/ peuvent présenter des
similitedes en positon finale, & cause de
F'absence 4 ‘inwrroption dans Je /r/. Les deux
liquides demeurent ukfois bien différentes
¢n position inftiale. En francais, bs similitudes
ou les différences que peuvent présenter entre
elles Jes deux liquides sont indépendantes des
positions.
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EFFECTS OF VOWEL CONTEXT AND ACCENT DISTRIBUTION
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ABSTRACT

This paper examines the perceptual
effects of first and second order
anticipatory coarticulation in
V1CV2-sequences in meaningful
Dutch phrases, where the CV2-por-
tion was deleted from the stimu-
lus. V1 was /a,i,u/ or schwa and C
was /p,t,k/. Either V1 was ac-
cented and V2 was not, or vice
versa. Effects are generally
stronger when V1 is unaccented.
Identification of V2 but not for C
is better from schwa than for
other types of V1. The effects of
accent distribution and vowel type
are additive.

1. INTRODUCTION

By first order coarticulation we
mean the mutual influence of ad-
jacent phones. When a segment con-
tains influences from a non-adja-
cent phone we are dealing with
higher order coarticulation. Gen-
erally, first order coarticulation
is quite strong, and more easily
demonstrated than higher order
effects. Nevertheless, it has been
shown that coarticulation effects
can manifest themselves across
several segment boundaries. Chman
{2) showed that part of the be-
haviour of the formant transition
movements in V1 toward C in VICV2
sequences depends on the formant
frequencies of V2 (and vice ver-
sa). Lip rounding in anticipation
of a vowel can begin as many as
four segments ahead (for a litera-
ture survey pertaining to these
and' subsequent claims cf. [1]).
Additional evidence for the relat-
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ively large number of segments
across which anticipatory coar-
ticulation can extend is provided
by investigations into anticip-

ation of nasality.
Perceptual e%fects of coartic-

ulation typically involve the use
of stimuli of which parts have
been deleted. The subjects’ abil-
ity to identify the deleted sounds
is considered a reliable measure
of the perceptual usefulness of
coarticulation. Stops turn out to
be identified well above chance
level on the basis of the transit-
ions from, or into, the neighbour-
ing vowel. Similarly, it was dem
onstrated that consonants may
contain perceptually useful cues
for the identification of adjacent
vowels. However, so far, no one
has been able to show the percep-
tual relevance of higher order
coarticulation effects using the
truncation method. We claim that
in none of the available studies
assessing higher order coarticu-
lation effects did the investiga-
tors include an optimal type of
context for assessment of such
effects. In the present experiment
we set out to examine the percep-
tual effects of first and second
order anticipatory coarticulation
in VICV2 sequences under optimal
conditions.

Vowels located in the central area
of the traditional two-dimensional
vowel diagram should be more prone
to adjustment under the influence
of context than vowels situated
along the edges of such a diagram.
Whereas the latter are accompanied
by extreme tongue positions, the

former are produced with the
tongue in a more or less neutral
position, from which it can move
in any direction. We assume,
therefore, that the central vowel
schwa carries cues that are per-
ceptually more useful than those
carried by other vowels. We have
tested perceptual effects of coar-
ticulation in both schwa and the
three point vowels. We predict
higher identification scores for
segments deleted after schwa than
after /i,a,u/ (hypothesis 1).

We predict further that effects
of coarticulation depend on the
distribution of stress over the
coarticulatory domain. Stressed
vowels may cause their features to
spread further forward into fol-
lowing, : and back into preceding
segments than unstressed vowels.
One therefore expects weak syl-
lables to reflect coarticulatory
influences from neighbouring
stressed syllables more strongly
than vice versa. We have used
stimuli prepared from fragments in
which either V1 was accented and
V2 unaccented, or V1 was unaccent-
ed and V2 was accented. Perceptual
effects of anticipatory coarticu-
lation will be stronger when V1 is
weak and V2 strong, rather than
vice versa (hypothesis 2).

Assuming additive effects of
vowel quality and stress distribu-
tion, we further predict particu-
larly strong perceptual effects
when V1 is both central and unac-
cented, and V2 is an accented
point vowel (hypothesis 3).

2. METHCD

Targets were nine Dutch disyllabic
words beginning with a CVl syll-
able in which C was one of the
three voiceless stops /p,t,k/ and
Vl was one of the three phono-
logically long vowels /i,a,u/. The
targets, such as tafel ‘table’ or
koepel ‘dome’, were monomorphemic
words with lexical stress on their
first syllable. Each target was
embedded in a fixed set of carrier
sentences, after one of four com-
mon, monosyllabic words. Since
stress (to be realised as a pitch
accent) was required either on
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the vowel of the monosyllabic word
(V1) or the vowel of the target-
initial syllable (V2), a total of
72 sentences (9 targets x 4 types
of V1 x 2 stress patterns) was
made.

The set of 72 sentences was
read by a male native speaker of
standard Dutch. The final portions
of the utterances were cut off in
the silent interval of the voice-~
less plosive at the beginning of
the target word. The resulting 72
sentences were copied on a test
tape in nine series of eight sen-
tences. In each series the order
of the stimulus sentences was
randomi zed. The interstimulus
interval was fixed at 7 s (onset
to onset).

Stimuli were presented through
headphones to 62 native Dutch
listeners. They were instructed to
indicate which word they thought
had been deleted after V1, with
forced choice from nine preprint-
ed response alternatives.

3. RESULTS

The experiment yielded a total of
62 (subjects) x 72 (stimuli) =
4,464 CV2 responses. The way in
which consocnant and V2 prediction
is affected by the type of preced-
ing vowel (V1) and the accent
pattern over V1,2 is shown in
table 1I.

Table I: Percent correctly ident-
ified C and V2 broken down by type
of V1 and accent condition. -

RESPONSES FOR

c v2
V1l accented
Vie i/ 65 32
N/ 62 38
/a/ 85 38
schwa 80 41
V1 unaccented .
Vie /i/ 80 38
VAt 64 32
/a/ 87 44
schwa 82 50
Overall 76 39 .




C-identification

The overall correct identification
score for C was 76%, which is way
above chance (=33%). Obviously,
the type of V1 played an important
role in the identification of C.
The deleted consonants were, on
the whole, identified best from
preceding /a/. The overall effect
of V1 on consonant identification
was strongly significant {X" (3) =
185.5, p < .001). while subjects
identified C significantly better
from schwa (81% correct) than from
/i/ (73% correct) or A/ (63%
correct), the difference in scores
between /a/ (86% correct) and
schwa contexts was likewise found
to be significant [X* (1) = 10.2,
p < .01]. Our first prediction,
viz, that stops are better iden-
tified in the environment of pre-
ceding schwa than after point
vowels, was therefore not quite
confirmed by the overall results
of VC-coarticulation.

When we next examine the effect
of accent pattern over V1/V2 it
turns out that the results support
our second prediction: with the
accent on V2 rather than on V1 an
overall score of 78% was found;
when the stress distribution is
reversed the overall score is 73%
(x* (1) = 15.5, p < .001].

V2-identification

The vowels ,/a/ and especially fu/
were identified well above chance
while identification of /i/ was
not. The total correct identifica-~
tion score is 39%, which is sig-
nificantly different from chance
[z = 12.3, p < .001; binomial
test]. Clearly, anticipatory coar-
ticulation in word-final vowels
(V1) can be usefully employed in
the perception of non-adjacent
vowels (V2).

The overall effect of V1 on the
identification of V2 is substan-
tial [X* (3) = 32.8, p < .001].
Identification is significantly
better when V1 is schwa (45% cor-
rect) than when V1 is /i,a,w/
(between 35% and 41% correct).
This finding provides evidence
that hypothesis (1), which pre-
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dicts larger perceptual effects
of anticipatory information in
tokens of schwa than in tokens of
point vowels, is essentially cor-
rect for vowel-onto-vowel coar-
ticulation.

Examining effects of stress
distribution on the identification
of V2 we observe that scores were
generally higher for stimuli in
which V1 was unaccented and V2 was
accented (41% correct) than for
stimuli in which the distribution
of stress was reversed (37% cor-
rect) [X* (1) = 5.9, p < .05]. We
conclude that hypothesis 2, where-
by unaccented vowel tokens were
expected to carry perceptually
more relevant cues for the percep-
tion of V2 than were accented
vowel tokens, is confirmed.

Crucially, a large difference
(41% wversus 50% correct) between
the two accentuation conditions
can be observed in_contexts where
vVl was schwa [X* (1) = 8.3,
p < .01). The value of 50% correct
identification for V2, measured in
unaccented schwa contexts, exceeds
all .other values. This result
shows that, as far as identifica-
tion of V2 is concerned, hypo-
thesis (3), which predicts that
facilitation of vowel identifica-
tion should be maximal in the
context of an unaccented schwa
followed an accented target-
initial syllable, stands.

4. CONCLUSIONS AND DISCUSSION

We predicted larger percentages of
correctly identified segments from
tokens of the central vowel schwa
than from tokens of point vowels.
The prediction was confirmed as
regards identification of the
deleted transconsonantal vowel; it
could not be fully confirmed for
the identification of the deleted
consonant. Indeed, we found that
percent correct scores were of
equal magnitude in the environment
of preceding /schwa, a/, which
were both significantly better
than the environments /i/ and NA/.

As concerns the role of V1 with
respect to the identification of
V2, our results clearly demon-
strate the expected effect: of the

four vowels /i,a,u,schwa/ the
central schwa most strongly facil-
itated the restoration of V2.
Correct responses were generally
more frequent in contexts where
the vowel containing the anticip-
atory cues was unaccented and the
target vowel was accented than in
contexts where the accent distrib-
ution was reversed. This pattern
of results was consistently found
for both first order (C) and
second order (V2) coarticulation
effects. Our experiment therefore
provides substantial evidence that
prediction (2) as stated in the
introduction is essentially cor-
rect. .
Moreover, our results indicate
that the effects of stress dis-
tribution and V1 vowel type are
largely additive. Crucially, vowel
restoration was optimal when the
target V2 was accented and when V1
was unaccented and schwa. Conse~
quently, our hypothesis 3, pre-
dicting additivity of stress dis-
tribution and vowel type, stands.
Our experiment is the first to
show convincingly that perceptual

effects of anticipatory coarticul- °

from-vowel-onto-vowel are
not necessarily restricted to
immediately adjacent segments.
when conditions are carefully
chosen, the perceptual effect of
the second order vowel-onto-vowel
effect can be substantial. Clear-
ly, the reason why other resear-
chers have by and large failed to
uncover convincing  perceptual
effects of vowel-onto-vowel coar-
ticulation ({1,3,4,5,6]), 1lies in
their infelicitous choice of stim-
ulus material. Notice, in this
context, that our optimal con-
dition (predicting an accented V2
from a preceding unstressed schwa
across an intervening word-initial
stop consonant) is by far the most
frequent triphone type in Dutch

ation

‘(and probably in English as well).

This means that such coarticula-
tion effects have ample opportu-
nity to be used outside the labor-
atory in everyday speech percep~
tion.
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EFFECT OF VOWEL QUALITY
ON PITCH PERCEPTION
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ABSTRACT

The intrinsic FO (IF0) phenomenon
was hypothesized to cause expecta-
tions of different pitches for differ-
ent vowels. Listeners judged for
pairs of synthetic vowels which
members had the higher pitch. The
judgments were clearly based on
vowel quality; there were also
heavy effects of the time-order.
The results can be explained by
vowel-specific expected FO. This
supports the view that intrinsic FO
of vowels is centrally controlled.

1. INTRODUCTION

Many explanations have been given
for the intrinsic FO (IF0) of vowels:
under comparable circumstances,
the high vowels [u, i] are pro-
duced with a higher FO than the
low vowels [a, =], cf. [7].
According to the acoustic coupling
hypothesis, FO is affected by
vowel-specific changes in vocal
tract acoustics. Mechanical cou-
pling hypotheses suggest that IFO
depends on physiological interac-
tion between the articulatory and
the phonatory systems. From the
results of our own acoustical and
physiological experiments [8] we
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have concluded that none of these
hypotheses is entirely satisfactory.

It has recently been suggested that
IFO is not merely a passive reflec-
tion of the biological characteristics
of speech mechanisms, but cen-
trally controlled {4]. This sugges-
tion is supported by preserved IF0O
in the esophageal speech of laryn-
gectomized patients [7]. If IFO is
leammed and automatized in lan-
guage acquisition, then listeners
may have different expectations for
vowel pitches, which in turn may
cause pitch perception to depend on
vowel quality. The present study
tested this hypothesis experimen-
tally.

2. PROCEDURE
The Finnish low vowels [a] and
[2], and the high vowels [u] and
[i] were synthesized using the
cataract type synthesis. All vowels
had the same input amplitude con-
figurations and the following for-
mant structures (Hz) and method-
dependent relative amplitudes:

F1 F2 F3 dB
700 1100 2500 +5-6
650 1700 2500 +3-4
300 600 2500 +1-2
300 2250 2850 +0-1

ol — B -

The durations of all vowels were
23 cs. Five FO levels (1-5) were
used. For Level 1, FO was 104 Hz
initially, reaching 114 Hz after 9 cs
and then declining to 84 Hz.
Levels 2, 3, 4, and 5 deviated at all
points from level 1 by +3, +6, +9,
and +12 Hz. Levels 2 and 4 were
used as the first members and all
five levels as the second members
of pairs. Thus the largest differ-
ences within the pairs were 9 Hz
(more than a semitone). 1.1 s in-
tervened between the members of
each pair and 3.6 s between the
pairs. All possible vowel pairs,
160 vowel pairs in all, were
recorded in random order and pre-
sented to listeners who had to judge
for each pair which vowel had the
higher pitch or if they had equal
pitch. For each vowel combina-
tion, 20% of the pairs had equal
FO, in 40% the first vowel was
higher, in 40% the second. There
were two groups of Finnish-
speaking listeners: 32 university
language students (4 men and 28
women, mean age 22) and 66
members (29 men, 37 women,
mean age 38) of a well regarded
amateur symphonic choir, who
were thought to be more than nor-
mally trained in discriminating
vowel pitch.

3. RESULTS

In terms of correct judgments, the
choir performed slightly better than
the students: For the eight pairs in
which equal-quality vowels were
juxtaposed with the maximal 9
Hz) FO differences, the choir made
64% and the students 51% correct
judgments. Below, the percent-
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ages of selections as the higher are
given for the vowels in each com-
bination (mean over the two time
orders). The percentages of
"equal" judgments are given in
parentheses. (For the students,
each row represents 640, for the
the choir, 1320 judgments.)
Students Choir
79- 9(12) 64-24(13)
75- 8(17) 56-27(17)
68- 9(23) 56-27(18)
49-24 (27) 45-37(18)
40-31 (29) 53-28 (19)

a-i 43-35(22) 39-42(19)
Thus, in both groups, [2] was
heard as higher and [u] as lower
compared with any other vowel.

For all vowel combinations, the
groups made the time-order depen-
dent judgments:

Students Choir

V1-V2 28-41 (31) 30-45(25)
Thus, the second vowel was heard
as the higher more often than the
first. This is called (see [2]) aneg-
ative time-order error (TOE).
There were, however, clear differ-
ences between the vowels, as well
as between the groups:

Students Choir

®- 2 12-35(54) 17-37 (46)

a-a 11-34(55) 17-33(50)

i-i 23-18(59) 17-34(49)

u-u 25- 8(66) 23-26(50)
Thus, for both groups, the higher
in pitch a vowel was judged when
compared with other vowels, the
stronger was its tendency to be
judged as higher when second in a
pair and compared with itself. For
[u] with the students, the negative
TOE was reversed to positive.

For describing and explaining
TOEs (which are found for many
kinds of stimuli including tonal

[N — A A
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loudness and pitch), Hellstrém [2]
developed a general model for
stimulus comparisons. According
to this model, the two pitches are
not compared directly; their mean
judged difference ( as measured
e.g. by D%, the difference between
the percentages of "first higher"
and "second higher" judgments) is
proportional to the difference be-
tween two compounds. In the pre-
sent case, each compound corre-
sponds to one of the vowels in the
pair, and is a weighted sum of its
actual pitch, with relative weight s,
and its expected pitch (its adapta-
tion level, AL), with relative
weight I-s (NB: s may be either
>1 or <1).

Assuming identical, linear rela-
tions between FO and pitch for all
vowels in the small FO range used,
the expected FO (AL) (in Hz rela-
tive to the mean FO, 106 Hz) and s
values (up to a scale constant, k )
could be estimated by multiple lin-
ear regression of D% for each pair
on its FO values (R was .954 for
the students, .892 for the choir):

Students Choir
ks] ks2 AL ksy] ks2 AL

a 45 54 40 3.1 52 -10

2 40 57 -16 40 57 -13

i 3252 4 36 49 -13

u 08 3.6 +7 4.1 54 =2
Mean3.1 5.0 -14 3.7 53 9
For both groups and all vowels, the
vowel's weight when first in a pair
(s1 ) was higher than its weight
when second (52 ). For the stu-
dents, AL (expected FO) was high-
est for [u] and lowest for [a]. For
the choir, [u] had a higher AL than
the other vowels.
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4, DISCUSSION

The purpose of our study was to
test if perception of vowel pitch de-
pends on vowel quality, because in
articulation pitch varies with qual-
ity. The result was clearly positive:

other things being equal, the vow-
els [#] and [a], which have low

IFOs, were heard as highest in
pitch. The results cannot be ex-
plained by the amplitude differ-
ences, as we found no clear relation
between amplitude and experienced
or expected pitch. The distribution

of energy in the vowel spectra
might be of greater importance.

However, our results indicate that
the most important factor for
vowel-specific pitch is expected
FO, which is higher for the high
than the low vowels. By reference
to Hellstrém's [2; 3] model, the
different AL and s values explain
both all vowel-specific pitch differ-
ences and the TOEs in our data.
Besides, pitch discriminability
(indicated by ks ) in the student
group was much poorer for [u]
than for the other vowels. The re-
sults thus clearly support our hy-
pothesis that because in articulation
FO varies between vowels, per-
ceived vowel pitch depends on
vowel quality.

It is interesting to note that in an-
other recent study [9] the vowel
[u] was produced with higher
subglottal pressure than the other
vowels [i @ a]. Thus the vowel
[u] seemed to be different from
other vowels also in terms of the
physiology of speech production.
These effects may have been em-
phasized by the especially dark
quality (low F2) of Finnish [u].
The question whether our findings

share a common basis, e.g. higher
respiratory effort in production per-
ceived as stress, remains open for
speculation.

Our study also supports the view
that IFO is an inherent property of
vowel prototypes in the brain; even
trained singers cannot eliminate its
effect on perceived pitch. In vowel
pitch perception, then, the IFO be-
haves somewhat like formants,
which are not perceived separately,
but as integrated characteristics of
vowel quality. IFO, nevertheless,
has no phonologically distinctive
function in languages [5]. Our re-
sults are in accordance with those
speech perception theories which
maintain that speech perception is
based on articulatory rather than
acoustic parameters of speech
sounds; see [6].
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THE PERCEPTION OF SILENT-CENTER
SYLLABLES IN NOISE

Susan L. Hura

University of Texas, Austin, Texas

ABSTRACT

The Ezrbcepdon of vowel-less /b/-
vowel-/t/ syllables was tested at various
signal to noise ratios. Contrary to what
has been shown in previous studies [7],
vowels in these "silent-center” syllables
were not identified at the same
as vowels in full syllables. This calls
into question the to which the per-
ception of silent-center syllables can be
seen as evidence for the theory of
dynamic specification.
LINTRODUCTION
" l?ynanéilc specification is a ;ﬁm

eory of vow E::rceptxon proposed by
Strange [7] in which vowels are con-
ceived of as gestures having intrinsic
timing parameters. Dynamic
specification is in opposition to a
traditional target theory which states that
vowel recognition is based upon
characteristic frequency values for the
first 2 (or 3) formants taken from a single
time slice in the syllable nucleus, Strange
cites certain perceptual results in su
of dynamic specification. Of specific
interest here 1s the correct identification of
vowels in vowel-less syllables.

Using a wavefrom editing
technique, "silent-center” syllables were
generated, in which the vowel nucleus
was attenuated to silence, leaving 3 or 4
pitch periods of consonant transition at
either edge of the syllable. Strange found
that subjects were able to identify the
vowels 1n silent-center [SC] syllables
with nearly the same accuracy as they
could the vowels in full syllables, thus
" refuting a simple target theory. If
recognition can proceed in the absence of
vowel nucleus information, then this
information is not the determining
property of vowel identity.
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In this , Strange's SC result
is mcomsidemfa g us begxgn with the
assumption that target formant values,
formant transitions and other dynamic
attributes all play a role in the
identification of vowels, These factors
normally provide redundant and
overlapping information about vowel
idmtt]ig', thus it is not ising that
identification can be relatively accurate in
the absence of some of this information.
SC syllables are an example of a stimulus
where some vowel information is absent,
but a great deal remains. In favorable
listening situations, it is possible to make
up for the lack of one sort of information
by focusing on remaining information,
Because vowel identification is a familiar
task and an experimental setting is
relatively free of distractions and ambient
noise, the listening conditions in
Strange's experiment were close to ideal.
Under degraded listening conditions,
however, listeners may rely more on each
source of information than they otherwise
would. My claim, then, is that Strange's
SC result is due to the favorable listening
conditions under which she tested
identification performance, To
investigate this claim, Strange's
Experiment 3 [7] was partially replicated.

2. PERCEPTUAL STUDY
2.1. Stimuli

Stimulus materials consisted of
Mo/-vowel-/t/ syllables in the carrier
phrase "I say the word bVY/ somemore,”
for each of 10 vowels. The speaker was
an adult male with a midwestern dialect.
Stimuli were digitized and waveform
edited to produce SC syllables according
to criteria defined by Strange [7).

Full and SC syllables were then
embedded in wide-band noise. Two

sorts of SC syllables in noise were
created: in the first (SC1), the amplitude
of the initial and final components has
been boosted such that their
amplitude is equal to the full syllable
peak; in the second set (SC2), amplitude
of initial and final components is the
same for full and SC versions of a
syllable at the same S/N. Six S/N were
created for each syllable type for each
MV by varying the amplitude of the
signal in relation to constant amplitude
noise. All stimuli were embedded into
the same carrier phrase.
2.2. Subjects & Procedure

Stimuli were randomized, and a
listening test was created. Stimuli were

ted in blocks of 21; interstimulus

ﬁ:wrval was 4 seconds, interval between
blocks was 8 seconds. The task of the
subject was to circle the /bVt/ word they
heard on a preprinted answer sheet.
There were a total of 252 items in the
test—it lasted approximately 30 minutes.

The 26 subjects tested were U.T.
undergraduate volunteers who were paid
for their participation. 20 of the subjects
spoke a Texas dialect; dialects of the
remaining 6 varied. Subjects were tested

in a laboratory setting in groups of 3t0 6.

23 Results & Discussion

Table 1 below gives percent
correct by syllable type and S/N,
collapsed across vowels, Examining this
data 1t is apparent that vowels were
perceived more accurately in full syllables
than in either SC1 or SC2 syllables,
Figure 1 shows these same resuits

ically.

A two-way analysis of variance
on syllable and S/N was N
both of these were shown to have
an effect, but their interaction does not.
Syllable type (full versus SC1 versus
SQC2) is significant for F (2,162)=4.22 at
p<.025; is also significant for F
(5,162)=8.01 at p<.001. T-tests for
differences among the means of the 3
conditions were performed, which
showed that full syllables are
significantly different from either type of
SC syllable (p< .025), and that the two
m SC syllables are not significantly

t. Thus it that given a
more difficult identification task, vowels
are significantly more difficult to perceive
in SC syllables.

_Table ]: Overall percent correct by syllable type.
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Eigure 1: Overall percent correct by syllable type.
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3.CONCLUSIONS

The results of this study show
that while it is easy to identify the vowels
in silent-center syllables, this identifi-
cation is not as accurate as for full
syllables. It was shown that under
degraded listening conditions, when the
listener is more dependent upon the
redundacies of the speech signal,
identification performance is significantly
better for full syllables than for silent-
centers. The ability to accurately perceive
a vowe! in a syllable where it one is not
physically present is certainly
remarkable. The current data show that
even at low S/N, subjects identify vowels
in SC syllables at well above chance
level. However, given the poorer
identification performance on SC
syllables in difficult listening situations,
we are not justified in claiming that
transition information has greater
importance than the nucleus in the
specification of vowels. This is not to
say that nucleus information is
privileged, for the representation of a
vowel as a static point in F1/F2 space is
clearly insufficient to account for the
present results. Itis clear, however, that
syllables containing nucleus information
are better perceived than those without it.

Perhaps a dual-target model of
vowel specification [1] can provide an
explanation for the current results. If a
vowel is specified by formant values in
both the nucleus and offglide,
identification should be more accurate
when both of these are present in the
stimulus, as is the case for full syllables,
When some of this informationis
missing, as in SC syllables, a dual-target
model predicts the poorer identification
performance shown here.
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OF FULL-SPECTRUM YOWELS
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ABSTRACT acoustic cues, it was decided to

This study developed a perception test
to determine the minimal duration
threshold levels of vowels on the basis
of short bursts of complete waveshapes
(full spectral cues) of five vowels [ie a
ouj.

1. INTRODUCTION

Although considerable and meaningful
work has been done in the area of
vowel perception over the last several
decades, recently developed and fairly
accessible instrumentation is now
available which allows for relatively
easy access and manipulation of the
speech signal [3]. Different
approaches have been used such as
bursts of vowels at set-time intervals
with manipulation of F; and F,
frequencies [2,3). Other studies have
involved masking techniques [S] and
still others have dealt with vowel
formant transitions for vowel wvs.
consonant vs. semi-vowel identification
[4]. Most . vowel perception
experiments share in common the fact
that they use synthesized vowels with
manipulations of F;, Fy and/or Fj3
relative to each other in frequency,
band-width and/or synchrony.
Shortcomings of some of these models
have been shown by Bladon [1].

Since hitherto most experiments have
dealt with synthesized vowels and
manipulations of the spectra in efforts
to isolate specific functions of distinct
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experiment with complete waveshapes
(full spectral cues) of steady-state
portions of vowels to determine on the
basis of short bursts the minimal
durational thresholds for consistent
vowel classification. It was hoped that
acoustic cues, it was decided to
experiment with complete waveshapes
(full spectral cues) of steady-state
portions of vowels to determine on the
basis of short bursts the minimal
durational thresholds for consistent

.vowel classification. It was hoped that

we could also thereby ascertain
something about the degree of
difficulty in vowel perception as the
time duration of bursts decreased, i.e.,
to verify through other means that high
vowels [i] and [u] are generally easier
to classify: as maintained in
Liebermann [5] and as found in
previous cross-language studies by
Weiss [7,8], showing that durational

variation affects the high vowel [i] less .

than other vowels.

2. PROCEDURE

Five vowels [i e a 0 u ] were produced
in steady-state fashion by a male
speaker (Fy = 100 Hz + 2 Hz) and a
female speaker (Fy = 201 Hz + 3 Hz).
These vowels were digitized using the
MacSpeech Lab 1I/MacAudio 1I
hardware/software program. A sam-
pling rate of 44 KHz was used in the
recording of the utterances which

yielded a frequency response ceiling of
20 KHz. Using built-in routines of the
MacSpeech Lab  program, the
utterances were  equalized in
amplitude and segmented on the basis
of full-wave displays. They were then
seg-mented first into 300 ms segments
(which served as the reference cue in
the perception tests) and then into
smaller whole-wave units. The
formant distribution figures (LPC) for
both the male and female utterances
are given below:

Male: Fo Fl F2
i) 100 285 2405
fe] 101-102 408 2242
[a] 98-99 652 1019
[o] 101-102 489 775
[u] 99-101 285 715
Female: Fj F, F,
[i] 201-204 285 2691
[e] 198-201 449 2405
(a) 201-203 530 1223
[o] 199-200 245 571
[u] 201-203 408 775

Segments were cut from the mid-point
of each vowel. From the male speaker
sample segments of increments from
one to four complete cycles yielded
four samples in duration from 10 to 40
ms. A parallel procedure was followed
for. the female speaker. However,
since the F was twice that of the male,
one to eight complete cycles yielded
samples in duration from S to 40 ms.
In addition, a one-half cycle segment
of each vowel beginning with the first
positive rise of the wave was isolated,
yielding additional segments of 5 ms
for the male and 2 ms for the female.
Thus the male voice yielded five
segments of each vowel for a total of
25 segments. Two tests were
developed: one for each voice, in
which each token occurred three times.
This resulted in two perceptual test
tapes: one of 75 tokens for the male
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voice and one of 135 tokens for the
female voice. The tokens were
randomized and rerecorded at five-
second intervals to minimize the effect
of short auditory memory. For
reference purposes, two repetitions of
300 ms tokens of each vowel for the
male and female voice were given at
the onset of each test.

Both tests were administered in-
dividually to 38 phonetically unsophis-
ticated subjects, 16 males and 22
females, at the University of Florida.
The mean age of the subjects was 20.
The order of presentation of the two
tests was reversed for half of the
subjects.

3. EQUIPMENT

Digitizing was performed with a Mac II
with 4 mb. RAM and a 68020
microprocessor with a Mac Speech
Lab II/ MacAudio II hardware-
software package. Analog samples
from the digitized utterances were
made with a Teac V-570 cassette deck.
The listening tests were administered
individually using a Teac W370C
cassette deck in conjunction with a
Technics SU-V450 integrated
amplifier and a Technics Model SB-
C36 two-way speaker system for the
reference samples.

4, RESULTS

The results indicated a high degree of
accuracy in perception of vowels of
most durations.  Variations in re-
sponses to individual vowels were
significant only for the shortest
durations. Even a one full-spectral
wave cue (female - S ms/male - 10 ms)
was long enough for fairly consistent
classification. The lengthy interval of 5
ms between cues no doubt enhanced
categorical perception by minimizing
short auditory memory as predicted by
Repp [5]. There was still sufficient cue
information even if only half the
spectral information for one wave form
was given to enable fairly consistent
identification of vowels.



It is questionable how meaningful a
ranking order of vowel difficulty might
be due to the high degree of correct
classification of responses. However,
based on a possible 1026 correct
classifications of each female vowel
and 570 possible correct classifications
of each male vowel, the ranking order
from easiest to most difficult vowel for
each voice is indicated below.
Percentage indicates the total errors
made by all subjects to each vowel.

Male Female

[o] 2.1% [o] 7.6%
[u] 5.6% (a] 8.0%
(] 5.8% (] 9.7%
(a] 5.9% [e] 24.0%
le]  149% [u] 35.5%

It is obvious from the above statistics
that the most difficult male vowel to
categorize was [e], with 14.9% errors,
and the most difficult female vowel to
categorize was [u] with 35.5% errors.
Thus prior findings that [i] and [u] are
among the easiest vowels to classify
are not supported by this study.

It is also apparent that the female
vowels posed much greater perceptual
difficulties even if only vowels of the
same duration are compared. The
table below illustrates comparable
male/female token values. For each
time variation there were 114 tokens
for 38 subjects. Errors are indicated as
a percentage.

the male [o] which posed no difficulty
for the listeners even at the shortest
duration of 1/2 wave cycle (5 ms).
Recognition levels for the shortest
durations were as follows:

Male (tokens for 1/2, 1 and 2 cycles)

5 ms: 90.4% (81.6-100%)
10 ms: 92.9% (88.6-96.5%)
20 ms: 95.7% (90.4-100%)

Female (tokens for 1/2, 1-5 cycles)

2 ms: 74.6% (49.2-84.3%)
5 ms: 74.7% (48.3-90.4%)
10 ms: 79.7% (40.4-93.0%)
15 ms: 84.8% (57.9-98.2%)
20 ms: 87.4% (65.0-99.2%)
25 ms: 92.8% (84.3-99.2%)

For context independent recognition of
vowels the male voice obviously yields
the best response. With the exception
of [¢] all vowels could be truncated to
one wave form (10 ms) and still have
90-100% recognition. For the female
voice even 2 wave forms (10 ms) would
yield only 40% recognition for [u] but
85-93% for all other vowels.

This study shows that overall best
results for vowel recognition occurs for
two wave shapes (20 ms) for the male
voice with recognition level of 95.7%
(minimum of 90.4% for any vowel); for
the female voice the best results are
with five wave shapes (25 ms) with a
recognition level of 92.8% (minimum

TABLE 1: PERCEPTION ERRORS OF COMPARABLE M/F VALUES

me i) le]

M F M F
L 131 29 184 377
10 35 17 114 149
20 43 08 9.6 122
3 61 70 86 114
40 17 17 14 114

The study shows that in general errors
in perception increase as the vowel
duration decreases. An exception is

I S A A R e

2] o] {u]
M F M F M F
87 96 0 105 70 517
87 78 43 70 78 596
3s 114 0 3s 43 380
52 70 43 43 70 280
3s 17 17 s2 17 184

of 84.3% for any vowel). Thus it
appears that duration, not number
of complete cycles, is an overriding
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factor in determining minimal
threshold levels in perception. The
threshold for  highly  accurate
classification seems to be located at
between 20-25 ms.

Analysis of variance failed to establish
significant  correlations  regarding
vowel formant spread or the effect of
order of presentation. Nor could
statistically  significant  differences
between male and female subjects in
accuracy of vowel identification be
established. A larger data base would
be necessary to confirm this finding.

5. CONCLUSION

The degree of persistence of full-
spectrum cues through the shortened
time window was unexpected. A high
degree of accuracy in vowel perception
remained even to the shortest burst
which allowed perceptual/auditory
access only to half of a wave shape, i.e.,
a time duration of little more than 2
ms cue. Optimum results were
obtained in the 20-25 ms token range.
The implication of these preliminary
findings is that if full-spectral cues are
given, an exceedingly small time frame
will suffice for fairly consistent and
reliable perception and classification
of vowels. More than twice as many
errors were made in classifying the
female tokens which correlated closely
to the increase of the fundamental
frequency of the female voice. We
plan to expand our study to allow for a
larger data base in forthcoming
endeavors.

N.B. This research was made possible
through the use of the research
facilities at IASCP, University of
Florida.
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PERCEPTION OF THE HIGH VOWEL CONTINUUM:
A CROSSLANGUAGE STUDY

Bernard L. Rochet

University of Alberta, Edmonton, Alberta, Canada

ABSTRACT

An imitation task in which speakers of
English and of Brazilian Portuguese
repeated a randomized list of
monosyllables recorded by a native
speaker of Standard French confirmed
observations that French /y/ is usually
pronounced as an /u/-like vowel by
English speakers, and as an /i/-like
vowel by Portuguese speakers. The
results of a perceptual test in which the
same speakers were asked to identify a
set of synthetic stimuli constituting a
high vowel continuum (from /i/ to /)
revealed that the accented pronunciations
of French fy/ by English and Portuguese
speakers are accounted for by the fact
that these speakers perceive and divide
the high vowel continuum in different
ways.

1. INTRODUCTION

A phenomenon familiar to second-
language (L2) instructors is the inability
of some learners to produce sounds of
the target language not present in their
native--or first (L1)--language inventory.
For example, evidence from speech
production reveals that, in attempting to
speak a second-language whose
Inventory contains the 3 high vowels /i/,
lyl, and [u/, native speakers of
languages whose inventory contains
only the 2 high vowels /i/ and /u/ find it
difficult at first to pronounce the target
vowel /y/. When anything at all is done
in the L2 classroom to correct this
situation, the problem is usually
addressed by means of articulatory
instruction, and the students are advised
to produce a high vowel which is at the
same time front and rounded. The fact

o

94

that, in spite of such straightforward
instruction, beginners often go on
mispronouncing the target vowel /y/,
show a low rate of success in imitation
tasks, and fail to detect any difference
between their faulty pronunciations and
the target sound, suggests that a faulty
production of the target sound may be
attributable--at least in part--to its faulty
perception. This interpretation is not
new, and it is inferred from production
cvidence in general, and imitation
experiments in particular, that a sound
occurring in L2 but not in L1 is judged
to belong to an L1 category, a process
labelled "interlingual identification" [3].
The purpose of this paper is to
demonstrate that accented pronunciations
of the French vowel /y/ by speakers
whose native languages contain only the
2 high vowels /i/ and /u/ reflect the way
such speakers perceive and divide the
high vowel continuum.,

2. PROCEDURE

This hypothesis was tested by means of
an experiment consisting of an imitation
task (to establish in a systematic way
how each subject pronounced the target
vowel /y/), and of a perceptual task (to
establish how subjects divided the high
vowel continuum in terms of the
categories of their respective native
languages). In addition to native
speakers of Standard French, 2 groups
of 10 speakers each (ranging in age from
25 to 32) took part in the experiment:
speakers of Canadian English, who have
been observed to replace French /y/ with
an Iu/-like vowel [9); and speakers of
Brazilian Portuguese, who have been

observed to replace French /y/ with an
A/-like vowel.

In the imitation task, each subject
was asked to repeat a randomized list of
monosyllables recorded by a male native
speaker of Standard French, and

.containing the vowels A/, /y/, AW/, and /a/

in different consonantal contexts. In the
perceptual task, English and Portuguese
subjects were asked to identify as /i/ or
N/ 3 sets of randomized synthetic stimuli
constituting a high vowel continuum
(from /i/ t0 /w/), with one set consisting
of isolated vowels and the other 2 of
vowels in the environments /b/__ and
/d/__ respectively. (Only the results for
the isolated vowel stimuli will be
reported here.) The French subjects
which took part in the experiment were
asked to identify each of the synthetic
stimuli as one of the three vowels AV, /y/,
or fu/. The stimuli were synthesized in
cascade at a 10-kHz sampling rate using
Klatt's [5] cascade/parallel speech syn-
thesizer. The vowel portion of the
stimulus was 200 ms long and varied
along the F2 dimension between 500 and
2500 Hz in 100 Hz steps, with F1 held
constant at 250 Hz. F3 was held
constant at 2212 Hz for stimuli with F2
values between 500 and 1800 Hz, and
was calculated according to the
following formula for stimuli with F2
values above 1800 Hz: F3 = 1.4 x (F2-
220) [6). F@ decreased linearly from
120 Hz at the start of the vowel to 100
Hz at its end. The 21 members of each
continuum were presented 10 times each
in random order for forced-choice
identification. They were low-pass
filtered at 4800 Hz and delivered
binaurally through TD-149 earphones.

3. ANALYSIS

3.1, Production (Imitation Task)
The items recorded for each subject
during the imitation task were digitized
and presented in randomized order to 3
native speakers of Standard French for
evaluation on a 7-point scale: 1=/ or /i/-
like vowel; 2 = vowel between /i/ and
/yl, but closer to fif; 3 = vowel between
/il and /y/, but closer to /y/; 4 = fy/ or [y/-
like vowel; 5 = vowel between /y/ and
/u/, but closer to /y/; 6 = vowel between
/yl and /w/, but closer to /uf; 7 = /u/ or
Ju/-like vowel. On the basis of this scale,
a score between 1 and 4 indicates a
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vowel between /i/ and /y/, and a score.
between 4 and 7 a vowel n Jy/ and
/. The stimuli were presented on-line.
on a Zenith 286 microcomputer, by
means of software dev:::})ed at the
University of Alberta, delivered
binauraly through TD-149 3
When they were not successful in
repeating French /y/ as fy/ or an /y/-like’
vowel, Portuguese speakers repeated it
95% of the time as /i/ or an /i/-like vowel
(gencrally a lax variant thereof), or as a
vowel described by the 3 French judges
as falling between /i/ and /y/. They
repeated French /y/ as /u/, an /u/-like
vowel, or even a vowel between /y/ and
/u/ only 5% of the time. Their mean
scorse for these non-/y/ productions was
2.13.

On the other hand, when English
speakers did not succeed in repeating
French /y/ as /y/ or an /y/-like vowel,
they were found to repeat it as /u/ or an
Ju/-like vowel (a lax variant thereof), or
as a vowel between /y/ and /u/ 92% of
the time, and as an /i/-like vowel or a
vowel between /y/ and /i/ 8 % of the
time. Their mean score for these non-/y/
productions was 5.01. These results
support observations that Portugese
speakers generally replace French /y/
with an /i/-like vowel, and that English’
speakers generally replace it with an /u/-
like vowel [8].

3.2. Perceptual Task

The results of the perceptual task (both
pooled and individual) were analyzed to
yield crossover boundary values
between adjacent vowel categories, and
to produce graphs of the identification
functions.

As shown in Figs. 1 and 2, the
crossover boundary between /i/ and A/ is
located much higher on the F2 scale for
English speakers (1900 Hz) than for
Portuguese speakers (1575 Hz).

A comparison of the English and
Portuguese labeling functions with those
obtained from native speakers of
Standard French (Fig. 3) shows that
stimuli with F2 values ranging between
1500 and 2100 Hz, which are identified
as /y/ by French speakers, are most of
the time labeled as /u/ by English
speakers and as /i/ by Portuguese
speakers.
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Although this comparison of the labeling
_funcqons by the three groups of subjects
1s of interest inasmuch as it reveals how .
these three groups of subjects divide the
high vowel continuum in their respective
languages, it should not form the basis
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for an explanation of the phenomenon of
interlingual identification. When called
upoa to imitate French /y/, L2 learners
do not have access to French
categorization functions, but only to
natural tokens of that vowel

by native French speakers. To
understand the process of interlingual
identification, one must therefore relate
mean F2 values of the vowel /y/ obtained
from production data to the L2 learners'
identifications functions. The average
value of F2 for French /y/ has been
given as 1850/1900 Hz at the high end
of the range [1] [2], and as 1675 Hz at
the lower end [6]; the average F2 value
of the French tokens presented to the
.En%xgh at:sdk Pofr:uhgucsc subjects in the
imitation of the experiment reported
here was 1760 Hz, with extreme values
of 1612 Hz and 1824 Hz. It can be seen
from Figs. 1 and 2 that most tokens with
such values fall within the bounds of the
/i category for Portuguese speakers, and
within the /u/ category for English
speakers.

4. DISCUSSION

4.1, The parallelism between the results
of the imitation task and those of the
perceptual task appear to support the
hypothesis that accented pronunciations
of L2 sounds by untrained speakers may
be perceptually motivated. It suggests
that, in early stages of L2 learning,
learners perceive L2 sounds in terms of
their L1 phonological systems, through
the process of "equivalence
classgﬁcation" [3]. Thus, they may
classify separate L2 phonemes as
acoustically different realizations of the
same L1 category, even if they perceive
the acoustic differences in question.
Once assigned to that category, the
intended target speech sound is
actualized according to their L1 phonetic
realization rules. In the case of
Portuguese speakers, most tokens of
French /y/ fall within the bounds of the
Portuguese /i/ category. Once assigned
to this perceptual category, such tokens
are imitated by Portuguese speakers in
such a way that they are perceived by
French speakers as belonging to their
own fi/ or /y/ categories (see Fig. 3). On
the other hand, for English speakers,
most tokens of French /y/ fall within the
bounds of the English A/ category. Once

assigned to this category, such tokens
are imitated by English speakers in such
a way that they are perceived by French
speakers as belonging to their own /u/ or
/y/ category. The fact that intended
French /u/, as pronounced by English
speakers, is often perceived by French
speakers as /y/ is further evidence that
English speakers assign both French /y/
and /u/ to their single /u/ category;
English /u/ being characterized by higher
F2 values than its French counterpart
[4], its realizations cover a range which
straddles the French /y/ and /u/
categories.

4, 2, The results of this study further
provide evidence that there exist
differences in the way different
languages divide the high vowel
continyum. The results of the perceptual
test for English speakers agree with the
findings of Stevens et al. [8] who, in
their crosslanguage study of vowel
perception, observed a peak in the
discrimination functions for both English
and Swedish speakers, as one passed
from the unrounded /i/ to the rounded
/y/. Because the English speakers were
able to perceive the acoustic differences
between /i/ and /y/ in spite of the fact that
there is no distinction between an /i/ and
an /y/ category in English, the authors
concluded that some natural perceptual
boundary must exist between these two
vowels. The identification functions
represented in Fig. 2 indicate that,
although English has only two high
vowel categories labelled /i/ and /u/, the
perceptual boundary between these two
categories nearly coincides with the
perceptual category between /i/ and /y/ in
French (see Fig. 3) and in Swedish [8].
It seems likely, therefore, that the
discrimination peak observed by Stevens
et al. for their English subjects occured
not because of a natural perceptual
boundary in the region, but because the
stimuli being discriminated belonged to
two separate categories. In addition, a
comparison of the English and
Portuguese identification functions (see
Figs. 1 and 2) shows that the perceptual
boundary between the two high vowels
/i/ and /u/ does not occur in the same
location in different languages, and
suggests that the location of this
perceptual boundary in languages having
only two high vowels is the result of
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linguistic experience rather a reflection of
some basic property of the auditory
mechanism.
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ABSTRACT

The problems posed by the frequent
occurrence of disfluency in normal
speech are important both for psycholin-
guistic and computational models of
speech understanding. The most basic
of these problems is determining when
disfluency has occurred. Hindle [1]
makes use of a phonetic ‘editing signal’
which marks the end of the material to
be ignored and indicates the onset of the
repair. This paper presents the results of
gating experiments on spontaneous
speech which show that only a minority
of disfluencies can be detected by the
point where this signal is claimed to
occur, but that nearly all are obvious to
listeners within the first word of the
repair.

L INTRODUCTION

Unlike written or read language, sponta-
neous speech is characterised by numer-
ous disfluencies. For the purposes if this
discussion, disfluency will be understood
to consist of two main types: repetitions
(Example 1) and false starts (Example 2).
Both may be of lengths varying from less
than a syllable to several words. Other
hesitation phenomena - silent and filled
Ppauses and lexical fillers - will not be dis-
cussed.

Exarhple 1: Repetition:
'And\you'd re- you'd really need about eight ...’
Example 2: False Start;
‘Because although the bell the rules say that ...'

It is all to easy to miss disfluencies when
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transcribing spontaneous speech verba-
tim, and all too difficult to believe that so
many occurred when perusing a correct

' transcription because we appear to notice

very few of them as they occur.

One of the factors which may facilitate
the processing of disfluent speech could
be the presence of cues in the speech
stream prior to the break in fluency which
prepare listeners for a break. Don Hindle
[1] makes use of this idea in his algo-
rithm for parsing speech with disfluen-
cies:

Two features are essential to the seif-
correction system: 1) every self-correction
site [...] is marked by a phonetically identifi-
able signal placed at the right edge of the
expunction site ...’

((11p128)

Hindle’s editing system depends crucially
on the presence of this editing signal (see
Labov [2]), defined as [1]. The system
takes as input a transcription in standard
orthography of conversational speech
which has editing signals inserted by the
transcriber, when noted, at the point of
interruption.

The experiments described in this paper
are designed to establish the location of
the editing signal to a first approximation.
They use materials from a sample of rep-
ctitions and false starts drawn from and
representative of those in a corpus of
studio-recorded  spontaneous conversa-
tional English. The first experiment
establishes that listeners are able to
recognise that an utterance is disfluent by
the offset of the first word following a
disfluent interruption. The second

experiment addresses Hindle’s supposi-
tion that an editing signal ‘placed at the
right edge of the expunction site’ (ic
immediately following the section of
speech that is to be ignored and prior to
the onset of the continuation) indicates to
the listener that a disfluency is present. It
is found that the majority of disfluencies
sre not detectable at this point in the
utterance. The conclusion is reached that,
if an editing signal is present in disfluent
speech it is not as & discrete phonetic sig-
mal, but rather a feature of the prosodic
disruption that takes place.

3. EXPERIMENT ONE
2.1 Introduction

This experiment was designed to test the
hypothesis that disfluency can be recog-
aised by the offset of the word following
the interruption point.

2.2. Materials

Prom a corpus of spontancous speech,
recorded digitally in a studio, 30 sponta-
neous disfluent utterances were selected,
cach containing a token of one of a set of
types of disfluency, to be used as test
items. The types of disfluency and the
numbers of each type used were repre-
scntative of the distribution of types of
disfluency identified in the corpus by the
first author. Test items were divided
equally among the six speakers whose
conversations make up the corpus.

Next, another 30 utterances were chosen
from the corpus to provide spontaneous
fluent controls for the disfluent items.
These items were selected to match the
disfluent utterances for structure, length
and prosody as far as possible.

Yo provide controls better matched in
structure to the spontancous disfluent
utterances, cach such item was edited
using ILS to remove the disfluency and
leave, without " interruption, the fluent
parts of the utterance. Each of the origi-
nal gpeakers then heard the doctored ver-
sions of his or her utterances and was
asked to produce 6 fluent imitations of

each. The speakers’ responses were
recorded under the same conditions as in
the recording of the original conversa-
tions. For each item, the most accurate of
the imitated versions was selected to be
the control for that item, accuracy being
defined as closest matching in terms of
rate and rhythm of production.

Examples of the resulting test materials
are given below.

Example 3:
Spontancous Disfluent:

‘.. i's quite obvious he's he's on something ...!
Rehearsed "Disfluent”:

‘. it's quite obvious he's on something ...
Spontaneous and Rehearsed Fluent:

‘... we know that it's rot going to ...

All the utterances to be used were sam-
pled on ILS on MASSCOMP through a
8kHz filter at 20kHz, together with up to
10 seconds of the conversation which
occurred prior to the test utterance, which
provided some discourse orientation. The
onset of each word in each item was
determined from a combination of audi-
tory information and time-amplitude
waveform. Each item was then gated at
word boundaries so that the first stimulus
for an item ran from its onset to the end
of its first word (ir’s), the second from its
onset to the end of its second word (ir’s
quite), the third to the end of its third
word (i’s quite obvious) and so on.

The test materials were divided into two
complementary sets of sixty utterances so
that neither of the two sets of subjects
heard both the spontancous and the
rehearsed versions of any utterance. Each
set of 60 items was blocked by speaker
and recorded on a separate test tape.

2.3. Subjects and Procedure

Twenty students and staff members of the
University of Edinburgh served as sub-
jects, 10 per group. All were native
speakers of English familiar with the
range of accents represented in the
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experimental materials and all reported
having normal hearing.

The experiment was run in two sessions
of approximately 45 minutes.

Subjects were given adequate time to
familiarise  themselves with each
speaker’s voice and all utterances were
presented with about ten seconds of the
dialogue prior to the utterance.

There were two tasks in the experiment:
word recognition and disfluency recogni-
tion. For the word recognition task, sub-
jects were asked to write down after each
gated presentation what they thought the
latest word presented was and to make
any amendments required to previous
words in the appropriate part of the
answer sheet. For the disfluency recogni-
tion task, subjects were asked to make a
judgement on a 1-5 scale about whether
they considered that the utterance was
fluent at the current word gate. A score of
1 indicated that the subject considered
that the utterance was fluent, a score of §
indicated detection of disfluency and
intervening scores indicated uncertainty.

2.4. Results

In this analysis, only the 1-5 scores for
the crucial point in the disfluent utter-
ances (the first word of the restart) and
the equivalent points in the control utter-
ances are examined.

Subjects were able to give fluency judge-
ments with considerable confidence. For
disfluent utterances, they gave average
scores of between 4 and § in the majority
of cases (max = 50, min = 17, mean =
40.05);, the controls received average
scores of 1 or just over 1 (min = 10, max
=48, mean = 12.39, for all controls).

The differences between fluency judge-
ments for critical points in disfluent utter-
ances and the equivalent points in the
controls were found to be significant
(Friedman statistic by subjects = 38.2, df
= 3, p <.001; by materials = 50.91, df =
3, p <.001).

There were 2 cases out of the total of 30
disfluencies where the total score for the
disfluency judgement was lower than 30,
indicating that on average subjects
thought that the utterance might still be
fluent. These scores were examined indi-
vidually in Wilcoxon signed rank tests,
comparing them with the scores for their
fluent controls: there was still found to be
a significant difference between the sets
of scores, the scores for the disfluent
items being higher than for their fluent
controls (first case: n=6, W=0, p<.025;
second case: n=7, W=0, p<.01).

2.5. Discussion

The subjects gave high scores of between
4 and 5 in the majority of cases where
disfluency had occurred and low scores
of between 1 and 2 where there was no
disfluency, thus supporting the hypothesis
that disfluency can be recognised by the
offset of the first word after disfluent
interruption.

3. EXPERIMENT TWO
3.1. Introduction

This experiment was designed to test the
hypothesis that an editing signal at the
interruption point prior to the continua-
tion enables listeners to detect disfluency.

3.2. Materials

The materials used in this experiment
were identical to those used in the first.

3.3. Subjects and Procedure

There were 20 subjects, as in the first
experiment.

The procedure was the same as that in the
first experiment except that the disfluency
recognition task differed: subjects were
asked to use the 1-5 scale to say whether
they thought that, on the basis of what
they had heard, the utterance would con-
tinue fluently or disfluently. Thorough
explanations and practice sessions pre-
ceded the experiment.
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3.4. Results

In this analysis, the critical point in the
utterance is the word-gate prior to the
restart.

Subjects showed less confidence in their
fluency judgements than in the first
experiment. They gave average scores of
between 2 and 3 for the critical point in
disfluent utterances (max = 3.7, min =
1.3, mean = 2.55); the average scores for
the equivalent point in the controls were
of 1 or just over 1 in most cases (min =
1.0, max = 3.7, mean = 1.9, for all con-
trols).

The differences between fluency judge-
ments for critical points in disfluent utter-
ances and the equivalent points in the
controls were found to be significant
(Friedman statistic by subjects = 34.62,
df = 3, p <.001; by materials = 21.77, df
=3,p<.001).

To examine the results for individual test
items, Wilcoxon signed rank tests were
performed, comparing scores for the
spontaneous disfluent condition with
those for the spontaneous fluent condi-
tion. The results of these tests show that
the scores for the disfluent condition
were significantly higher than those for
the fluent condition in only 12 of the 30
cases (p<.05), the difference in scores
was insignificant in 15 cases and the dif-
ference was significantly higher for the
fluent condition in 3 cases.

3.5. Discussion

The results show that the hypothesis is
only supported by a minority, 12, of the
30 test items. Of these 12, only 9 have
average scores of 3 or over and the maxi-
mum is 3.7, which should indicate that
subjects had a slight feeling that disflu-
ency was about to occur.

A reexamination of the materials to
search for any phonetic cues which may
have caused higher scores reveals that the
12 test items for which the total scores
were 30 or over fall into one of two main
categories: words which are interrupted

suddenly (incomplete words); words
which are lengthened and/or followed by
a pause and/or creaky offset-or an
inbreath. The majority of the other test
items consist of complete words with no
pause before the continuation.

The analyses suggest that listeners made
use of cut-offs and hesitation phenomena,
where they were present, in detecting
oncoming repairs, but in the majority of
cases, where such cues were not present,
they were unable to detect imminent dis-
fluency.

4. CONCLUSION

The experiments reported in this paper
show that disfluency can usually be
detected by the end of the first ward fol-
lowing the interruption and do not sup-
port the hypothesis that listeners perceive
and make use of a phonetically identifi-
able editing signal placed immediately
prior to the onset of the continuation.
Subjects only indicated that they detected
oncoming repairs in a minority of cases.
In the majority of cases, they appeared to
make use of cues within the first word of
the repair.

Further experiments are under way to
determine more precisely where listeners
can detect disfluency and to examine the
contribution of prosodic cues to the per-
ception of disfluency. It is suggested that
rhythmic and intonational information
plays a vital role in alerting listeners to
the presence of disfluency, rather than a
discrete phonetic editing signal.
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INDIVIDUAL VARIABILITY IN THE PERCEPTION OF CUES TO AN
INITIAL BA-PA VOICING CONTRAST

V. Hazan and B. Shi
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ABSTRACT

This study investigates whether
individual variability in the categorisation
of a voiced-voiceless speech contrast is
related to the stimulus type used in the
perceptual experiment. Continua
constructed using copy-syntheses,
computer-edited natural tokens and
stylised syntheses were used.
Categorisation of reduced-cue continua
was also examined for the copy-
synthesised and natural-edited ranges.
Greater variability was generally found
in the labelling of copy-synthesised
continua.

1. INTRODUCTION

An initial study on the perception
of initial stop place contrasts [1] has
shown that individuals may vary greatly
in the extent to which they are affected
by the neutralisation of specific cues to
these contrasts. Greater individual
variability was found in the labelling of
stops in an /ei/ environment than in an
/a/ vowel environment and in the
perception of complex syntheses, copied
from a natral utterance, than that of
more stylised syntheses.

The aim of the present study was.
to assess whether the variability was
related to stimulus type, by controlling
vowel environment. Stimulus types used
included computer-edlited natural speech,
tame natural tokensg pw&}gﬂygfg

created at the

ynthesised continupm

Haskins Laboratories [2).

2. STIMULI

The natural-edited and copy-
synthesis versions were presented in
three conditions:
a. full-cue (VOT and Fl cutback):
change in VOT from -20ms to +70 ms in
nine steps and change in the F1 onset
frequency.
b. Ba/VOT: same change in VOT with, at
vowel onset, formant frequencies
characteristic of [ba]) (rising F1 onset
throughout).
¢. Pa/VOT: same change in VOT, with,
at vowel onset, formant frequencies
characteristic of [p"a] (flat F1 onset
throughout).
2.1. Natural edited stimulus continua

Recording were made of tokens
of /pa/ and /ba/ produced by an adult
English male speaker. Two tokens were
chosen which were characterised by clear
formant patterns and a regular
fundamental frequency trace of around
100Hz to facilitate editing in 10ms steps.

The creation of natural-edited
stimulus continua was done on a mini-
computer using a “cut and paste”
technique. Far the Ba/VOT continuum,
the vowel portion from the [ba] token
was appended to the burst and aspiration
portion from the [p*a] token. For the
creation of stimuli with VOT between 70
m§ and 5. ms, the aspiration was
progressively deleted from the vowel end
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in 10 ms stops. For stimuli with negative
VOTj, the prevoicing portion was cut out
from the [ba] stimulus and appended o
the initial burst. The same process was
carried out for the Pa/VOT continuum,
except that, in this case, both the
burst/aspiration and vowel portions were
taken from the [p*a] token. In the ’full-
cue’ continuum, for steps with positive
VOTs, initial cycles of the vowel portion
were deleted as VOT increased to create
formant cutbacks in voiceless tokens.
2.2 Synthetic stimuli

The natural tokens used as a base
for the natural-edited continua were
analysed using a ten pole closed-phase
LPC analysis to derive the formant
frequencies. Amplitude control
parameters were obtained using an FFT
analysis [3]. A first resynthesis through
a 4 kHz bandwidth, software parallel
formant synthesiser was performed.
Further modifications to the syntheses
were then made on the basis of
comparisons between the natural and
synthetic spectra on a Kay digital
spectrograph until a close match was
obtained. Analogous conditions to the
ones created for the natural-edited speech
were prepared. For more details on
stimulus preparation, see [4].

The stylised synthetic Haskins
continuum was presented in the full-cue
condition only. The VOT range used was
the same as above.

3. SUBJECTS

Subjects were 18 paid volunteers
with normal hearing as defined by
average thresholds of 10 dB HL or
better, from .25 to 8 kHz. The listeners
ranged in age from 18 to 29 years
(mean: 20.7 years) and had no previous
listening experience of synthetic speech.

4. TEST PROCEDURE

Stimuli were presented in the
form of two-alternative forced-choice
identification tests over four sessions. At
each session, seven tests were presented.

Each consisiod of 10 tokens repeated
randomly eight times. Stimuli were
presaated st 8 comfortable listening level
through headphones.

5. RESULTS

A statistical approach based on
generalized lincar models (GLMs) fit by
maximum likelihood estimation was used
to determine the extent to which
performance varied across different test
conditions. This technique, analogous to
Analysis of Variance, was used as it is
especially tailored to the analysis of
multi-variate data involving binary
responses (for a nmore detailed
description, see {1]).

Using GLM, phoneme boundary
and gradient measures were derived from
the best fit cumulative normal to the four
repetitions of each test condition for each
of the 18 subjects (Fig. 1). A mean VOT
phoneme boundary value was then
derived for each of the three "full cue”
conditions. The mean boundaries
obtained were 13.5 ms (s.e. 5.1) for the
natural edited condition, 13.3 ms (s.e.
6.2) for the stylised synthesis condition
and 224 ms (s.e. 5.0) for the copy-
synthesis condition. The mean gradient
values obtained were -2.492 (s.e. 1.865)
for the natural edited condition, -2.604
(s.e. 1.997) for the stylised synthesis
condition, and -1.289 (s.e. 0.784) for the
copy-synthesis condition. Highly similar
phoneme boundary and gradient values
were therefore obtained for the stylised
syntheses and natural-edited stimuli. The
copy-synthesis condition was less sharply
labelled and showed a shift in boundary.

The next step of the analysis was
to investigate difference in labelling
between conditions for individual
subjects. For each subject, the condition
deviances, which are quantitative,
statistically interpretable, measures of the
extent to which subjects change their
labelling behaviour across conditions (see
{1]) were calculated. Labelling of the
stylised synthesis condition was
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compared with labelling of the other full-
cue conditions. 83 % of subjects showed
significant deviances at the 0.001 level
(deviances greater than 26.1) between the
copy-synthesised and stylised synthesis
continua.  Significant deviances were
only found for 44% of subjects when the
natural edited and stylised synthesis
stimuli were compared and the range of
deviances obtained (8.9 to 61.9) was
generally smaller than in the first
comparison (22.6 to 174.6).

Next, the effects of cue reduction
on phoneme boundary and gradient for
copy-synthesised and  natural-edited
continua were examined. For the natural
edited stimuli, the mean phoneme
boundary increased from a value of
13.52 ms for the full-cue condition, to
16.89 ms (s.e 6.14) for the Ba/VOT
condition and decreased to 0.47 ms (s.e.
11.73) for the Pa/VOT condition. For the
copy-synthesised stimuli, the shift was
from 22.41 ms for the full-cue to 25.04
ms (s.e. 5.53) for the Ba/VOT and 10.1
ms (s.e. 15.4) for the Pa/VOT condition.

Condition deviances were again
calculated to compare labelling for the
full-cue condition and the two reduced-
cue conditions for individual listeners.
For the natural edited range, very few
listeners (11%) showed a significant
deviance (p<0.001) between the full-cue
and Ba/VOT condition. For the copy-
synthesised stimuli, a greater number of
listeners (33%) showed such an effect.
Greater differences in labelling were
found between the full-cue and Pa/VOT
conditions. Generally greater individual
variability in the labelling of this reduced
cue condition was obtained, showing that
some listeners were more greatly affected
by changes in the spectral characteristics
than others (Fig. 2). With the natural
edited stimuli, all listeners showed a
significant deviance between the two
conditions with condition deviances
ranging from 58.7 to 201.4, while, with
the copy-synthesised stimuli, only 72%
showed such an effect (deviances ranging

from 9.4 to 240.2).

6. DISCUSSION

When full-cue ranges were
presented, more similar results were
obtained for natural-edited and highly
stylised Haskins synthetic continua than
for a copy-synthesised continuum based
on parameters measured from the same
natural tokens. One explanation might be
that, in the Haskins continuum, the
unnaturalness of the highly stylised
stimuli is compensated by the clear
enhancement of the cues which are
present. With the copy-synthesised
stimuli, listeners are having to deal with
a complex set of patterns which may also
contain slight inaccuracies in terms of
formant bandwidth values and intensity
relations for example. Certain listeners,
especially in reduced-cue conditions, may
be more sensitive to these inaccuracies
and as a result, show greater variability
in categorisation.

‘When looking at the effect of cue
reduction, it was found that the lack of
an appropriate F1 onset with short VOT
(Pa/VOT condition), generally led to a
smaller number of "voiced” responses,
showing the importance of spectral cues
to the voicing contrast. For both stimulus
types, individual listeners varied in the
extent to which they were affected by the
spectral cue to the voicing contrast as
shown by large differences in condition
deviance measures obtained. However,
more homogeneous results were obtained
with natural-edited stimuli than with
copy-synthesised stimuli.
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PERCEPTUAL SPACES OF THE RUSSIAN VOWELS

G.N.Lebedeva

Institute of Chemistry and Technology,
Ivanovo, USSR

ABSTRACT

The aim of this work is
to ‘analyse the perception
of non-native vowels by the
native speakers of Russian,
The main tasks are: 1) the
establishment of perceptual
spaces of the Russien vo-
wels under different condi-
tions:when identifying non-
native vowels a)isolated
from the phonetic context;
b)in CV and VC syllables;
2)the definition of the
number of the distinguished
vowels. The results allow
us to maintain that untrai-
ned speakers of Russilan are
able to identify reliably 8
non-native vowels and to
distinguish 18 vowels.

1. INTRODUCTION

It's well-known that the
number of Russian vowel al-
lophones which the native
speakers of Rugsian are
able to distinguish is much
greater (n=18) than the
number. of the Russian vowel
phonemes 1s (n=6)[ 1], Nume-
rous experimental studies
of late assure us of the
fact that Russian listeners
possess a highly developed
syatem of perception of
‘phonetic features of vowels,
One of the latest works in
this field is that fulfil-
led by Tchernova and col-
leaguesCBJ. The authors in-
vestigated the perception
of 20 cardinal vowels by
the untrained speakers of

106

Russian. In the first expe-
riment the listeners were
asked to identify all the
cardinal vowels using only
10 symbols (the letters of
the Russian alphabet) as
possible answers. It was
revealed that listeners we-
re able to distinguish abo-
ut 17 vowels among the 20.
In the second experiment
the listeners were prelimi-
narily taught to transcrip-
tion, then they listened to
a vowel "gample" marked by
a certain transcription
sign. The listeners were
able to discriminate all
the 20 vowels. The number
of identified vowels how-~
ever increased but little
(n=9-10). The problems rai-
sed in such works seem to
be very actual both from
the viewpoint _of establi-
shing the correlation bet-
ween the perceptual and the
phonological units, and
from the viewpoint of ela-
boration of the strategy of
foreign language teaching,

2. PROCEDURE

At different periods of
time three groups of un-
trained speakers of Russian
were asked to identify the
vowels of English, Spanish
and German., English and
Spanish vowels were isola-
ted from the words within
which they were pronounced,
the German vowels were pre-
sented for identification

K=
32

38

gritical megning
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'z 'ogice olE v%guf (:E?l
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Pig.1. The didtribution of the listeners' answers (by the
¥* criteria) on the vowels which give the most reliable

identification,

within CV and VC syllables.
The number of listeners was
43, and the total number of
vowels and syllables was
161. In all the experiments
we received from the liste-
ners 1947 answers, The lis-
teners knew neither of the
sbove mentioned languages,
and they also didn't know
the sounds of what langua-
ges they were listening to.
They were asked to write
what they heard by means of
the letters of the Russian
alphabet,

3. THE CHOICE OF THE LANGU~
AGES

- The choice of the langua-
ges under study was not ac-
cidental. It was conditi-
oned by the facts that, on
the one hand, the vowel sy-
stems of EBnglish and German
are more numerous than that
of Russian (English and
German ocontain practically
all the possible types of
vowels), on the other hand,
the vowel system of Spanish
very much resembles that of
Russian (as far as the num-
ber of vowel phonemes is
concerned). All these facts
are of great interest from
the viewpoint of the study
of the mechanisms of phono-
logical hearing.

4. RESULTS

The results of the iden-
tification test are presen-
ted in Table 1. In its ver-

tical column the table con-
tains only 20 types of an-
swers given by the Russian
speakers, though the total
number being 36. As it's
gseen from the Table, the
listeners use the Russian
letter<{3) more frequently
than other letter-symbols
to mark the vowels they we-
re presented to. The <3>
space includes 6 vowels:
/Cspes 1€ ,Ep ,Ep s &p /e
The spaces of the Russien
§2>an3(0) %nclude 5 vowe17:
- Jag , £9Qgydpy@:a/s
{0~ /JE 2y XE I 20y 9]"2 /e
Then come the Russian <u)>
and <Y} including 3 vowels
each:{Ud= [lig , ig, Vn/;
most narrow are the spaces
o2<E>and (0> includin7 only
one vowel each:<E) - /Ig/;
{HIy=- /u:g /. One can also
see from the Table, on
which vowels the greatest
number of answers marked by
one letter-gymbol falls.
These are the following vo-
wels: /lig [ /Zg /,/En /,
/2o [y/@nl/2:0 [/ Vg /s
/uie/.N = 8, A1l of them
are reliably identified by
the Rusgssian listeners. Fig.
1 shows the results of com-
parison of answers' distri-
butions on those vowels
which were marked in most
cagses by one letter-symbol.
The difference between the
distributions of answers
for each pair of vowels was
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estimated by means of X%
criteria. The comparison of
the distributions shows that
the listeners are able to
distinguish not 8 but at
least 12 vowels. As it is
seen, 4 vowels are placed
higher than the critical
meaning of the X* criteria
is. Thus, these vowels are
very well distinguished by
the listeners too. The vo-
wels placed below the cri-
tical meaning of the crite-
ria on one vertical line
with the vowels marked (e)
(see Fig.1), to all appea-
rance, seem to be identical
for the Russian listeners
as far as their phonetic
features are concerned.
Fig.1 gives the opportunity
to represent, firstly, the
width of the perceptual
boundaries of the Russian
vowels, and, secondary, the
remoteness of non-native
vowels from the centre for-
med by the native vowel in
the linguistic conscious-
ness of the Russian spea-~
kers.

Let's analyse another
group of vowels. While
identifying these vowels
the listeners do not take
unanimous decisions. The
vowels are: /&¢ /,/%¢ /,
/364105 1,/ Iy 11/Y01,
/}’2) /’/w,b /,/¢:D/ (See
Table 1). The task which
the listeners had to fulfil
was undoubtedly very diffi-
cult: to place the vowel
they heard into a certain
sphere of a perceptual
space formed in their memo-
Ty by the native sounds and
to correlate the articula-
tion with the unknown vowel
stimili, Let's consider the
vowels which differ only in
one step of openness arti-
culatory similar to each
other. Thus, mistakes to
within one step of openness
are congidered to be pos-
sible. Then the identifica-
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tion of some of the above
mentioned vowels improves.
For example, the English
/32/ and /3:/.are identi-
fied mostly as {£37(70% and
60% of all the answers cor-
respondingly). Comparison
of the answers' distribu-
tions shows that these two
vowels form one perceptual
sphere for the speakers of
Russien and they may be
placed in the space of<{£2d>
in Pig.1. German /I / is
identified in the 50% of
all the answers as {MYand
in the 50% as(£3)>. Thus,
it may be placed in the
space of{UE3Iy on Fig.1.
English /0/ and Spanish/0/
are identified as the Rus-
sian {0)and<{A>(50% of all
the answers corresponding-
ly). The analysis of the
distributions shows that
these vowels stay close to
each other as far as their
phonetic properties are
concerned and they form a
common sphere /20 / which
can be placed in the space
of<A0)>on Pig.1. While
identifying the German /Yy,
Yy ,p:/ the Russian liste-
ners use from 8 to 14 sym-
bols and combinations of
symbols, These are mostly
the combinations of a front
close vowel with & back ro-
unded vowel. This fact teg-
tifies to the phonological
character of the operation:
the mechanism of the front
rounded vowel identifica-
tion resembles that used by
the native speakers of Rus-
sian when identifying the
Russian vowel allophones

in the position between or
after palatalysed conso-
nants [2].

The analysis of the dis-
tribution of inadmissible
answers shows that the vo-
wels /Y / and /e / are
most similar in the space
of phonetic features from
the viewpoint of the Rus-

rable 1. Identification of English,Spanish and GCerman vo-

wels by the native speakers of Russian.
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sian speakers. The vowels
/¥:/ and /$: /are well dig=-
tinguished by the listeners

5. DISCUSSION

The results of the inves-
tigation allow us to main-
tain that in the case of a
non-native vowel identifi-
cation the Rugsian lister.
ners are able to identify
reliably 8 vowels. The num-
ber of distinguished vowels
is equal to 18;[12 (Pig.1)
/In/,/23/,/20/ /ve/ /Y],
/#:/. A1l the vowels can be
divided into 3 groups as
far as their perceptual es-
timation by the native spe-
akers of Russian 13 concer-
ned:1)the vowels which are
placed reliably in a perce-
ptual space of a definite
Russian vowel. Their number
is 18 and they form verti-
cal spheres in Fig.1; 2)The
vowels which are placed in
a perceptual space, formed
in a linguistic conscious-
ness of the Russian spea-

kers by several symbdols:
/1:p/-<UED), [23: [~ <EI>,[o0/
-C¢A0% 3)the vowels which
are not placed in a percep-
tual space ("alien"to 1it).
These are the German front
rounded vowels.
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A CROSS-LINGUISTIC EXPERIMENTAL INVESTIGATION OF
SYLLABLE STRUCTURE: SOME PRELIMINARY RESULTS

Bruce L. Derwing,

U of Alberta, Canada

ABSTRACT
Prior research has shown that there is
more to English syllables than a mere
linear sequence of phonemic segments.
The present research attempts to extend
the use of techniques developed in the
English investigations to the study of
comparable phenomena in other lan-
guages of diverse types. A preliminary
report is given on the status of sub-syl-
labic units in Taiwanese and Korean,
together with some new findings on
Korean syllable boundaries.

1. BACKGROUND

The experimental investigation of
syllable structure began with the work of
Treiman [1,2, etc.], who used a variety of
string manipulation tasks (notably word-
blending) to determine whether such
hypothesized units as the onset, rime or
coda were viable for English. Dow [3 4,
etc.] continued this work, using primarily
a unit-substitution task. Taken together,
this research lends support to the idea that
English syllables have an onset+rime or
right-branching structure.? Treiman &
Panis [6] have recently extended this
investigation to the question of syllable
boundaries in English, putting such
notions as the Maximal Onset Principle to
experimental test. A chief purpose of the
present study was to extend or adapt the
methodologies developed in these English
language investigations to other languages
of diverse types, in order to explore the
question of the generality of the findings.
2. SUB-SYLLABIC UNITS IN
TAIWANESE AND KOREAN
2.1 Taiwanese

Since the initial attempts to apply
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Dow’s unit-substitution task to Arabic,
Blackfoot and Taiwanese proved imprac-
tical, it was decided to try a forced-choice
version of Treiman’s word-blending task
that could be group administered. Since
the main question of interest related to the
direction of the primary bonding between
the vowel and adjacent consonants,
subjects were given two alternative
‘blendings’ of a pair of Taiwanese words,
one which combined the onset of one with
the rime of the other and a second which
combined the head of one with the coda
of the other, as illustrated by the follow-
ing example: SAN1 + CIM1 —> (a)
SIM1 (b) CIN1. (The numbers following
each Taiwanese word indicate tone.) Also
included on the test were several word
pairs like the following, where both
choices were of a single type: TAS + PIS
—> (a) TI5 (b) PAS. By comparing the
results on these items with the first group,
we couid assess whether there was a
distinct preference for one type of blend
over the other.

The forced-choice word-blending task
was conducted in Taiwan in November
1990 and in January 1991, yielding 95
subjects in all. The results, however,
revealed no distinct preference in favour
of either onset-rime or head-coda blends,
as responses to the ‘choice’ and ‘non-
choice’ items were indistinguishable: in
both cases responses were essentially
random, except for a slight overall bias in
favour of choosing the first response,
regardless of type. This presumably
means onc of two things: (1) perhaps our
subjects did not understand the nature of
the task, or else were simply not able to
perform it reliably under the conditions it

was presented; (2) alternatively, perhaps
the simple monosyllables of this lan-
guage, involving no consonant clusters
and very severe internal collocational
constraints, are not readily analyzable by
speakers into smaller units. This second
interpretation is consistent with the results
of Read et al.[7] from a related dialect, in
which ordinary subjects (i.c., subjects not
familiar with the pinyin alphabetic trans-
literation scheme) proved unable to
perform the simple task of replacing the
initial consonant (onset) of a Mandarin
word by another consonant; instead, their
performance was highly parallel to that
found by Morais ez al. [8] in a similar task
with illiterate Portuguese speakers. (See
[9,10] for further discussion of problems
with the notion of the phoneme as a
universal unit of speech segmentation.)
2.2 Korean

The Korean language is of much inter-
est to this investigation, as there are
reasons to believe that syllables in this
language reflect a head + coda structure
rather than the onset + rime organization
of English (i.c., unlike English, vowel
nuclei in Korean seem to adhere more
closely to preceding consonants than to
following ones). Native speakers report
this to be the case on the basis of their
own intuitions, and even the standard
orthography reflects a judgment of this
kind. The syllable SAN (meaning ‘moun-
tain’), for example, is represented at two
vertical levels, with the Korean letters for
SA placed on top and the letter for N
placed below it, thus implying an organi-
zation like (SA)N rather than S(AN). In
addition, Youn has recently conducted an
informal word-blend production task,
whose results to date support this analysis
(see [11]). A Korean version of the
forced-choice word-blending task is now
under way to firm up these preliminary
findings, but the results of that study are
not yet available.
3. SYLLABLE BOUNDARIES IN
ENGLISH AND KOREAN
3.1 English

Initial attempts to apply the Treiman &
Danis (T&D) syllable-inversion task to

other languages were generally unfruitful:

less than 10% of our Arabic subjects, for

example, were able to perform any inver-
sions at all. When a similar problem
emerged in the carly stages of the
Blackfoot investigation, it became clear
that a new, simpler technique was going
to have to be developed, one that would
not require literacy skills to perform.
(This was especially critical for
Blackfoot, as few speakers know the
orthographic system that has been devel-
oped only recently by linguists for that
language.)

A new technique that worked involves
what we call the ‘pause-break’ task. In
this task subjects are asked to choose
which of two or three alternative
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