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ABSTRACT

Results of an experimental study of the
formant frequencies at the steady-state
part of russian stressed vowels in the
context of palatalized/nonpalatalized con-
sonants. are presented. The analysis of the
obtained data reveals that there 1is a
considerable difference in the quality of
vowels due to the consonantal environment.
Traditional static description of vowel
gquality (F-pattern measured at the statio-
nary portion of vowel) is basically insuf-
ficient for representation of the allopho-
nic variation. One must take into account
thil dynamic properties of transitions as
well,

INTRODUCTION

Specific character of the allophonic va-
riation of russian stressed vowels is in
great part attributed to the palataliza-
tion/nonpalatalization (P/NP) of the sur-
rounding consonants. There is practically
no coarticulation between palatalized con-
sonant and. the following vowel: the onset
frequency of the second formant transition
is primarily determined by the palataliza-
tion of the consonant [1). Under these
circumstances one should expect the quali-
ty of the vowel to undergo some. changes.
In fact, experiments on the identification
of stressed vowels, segmented from mono-
syllables or words uttered in isolation,
have shown that russian listeners are able
to recognize some 18 vowels depending on
consonantal environment [2]. On the basis
of spectrographic analysis of these vowels
it was concluded that the listeners' abi-
p Y to distinguish so many allophones was
vue to the presence in the structure of
s°°alic nucleus of the so called "i-like"
a:§°“d formant transition - acoustically
tal perceptually reliable cue of consonan-
Jud palatalization.
na ging from the data on the second for-
th:§ frequency of the vowels measured at
r stationary part [3], the phonetic

Quality of the vowels as such does not
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change under the influence of the prece-
ding P/NP consonants of different place of
articulation. This observation is suppor-
ted by the results obtained in a study of
formant fregquency patterns in russian VCV
utterances [4].

Entirely different results are reported in
[5,6]. It is shown that palatalization of
surrounding consonants produces systematic
effect on the steady-state part of the
vowels uttered in isolated syllables or
words.

In recent years experimental studies of
vowel perception have provided some new
evidence that leads us to question the
correctness of the view that russian lis-
tener recognize vowel allophones on the
basis of characteristic "i-1like" formant
transition.

As it has been shown in [7], Russian chil-
dren, having yet no knowledge of foreign
languages, can classify a set of 20 sta-
tionary vowels into 13 categories, some of
which (for example the front vowels) are
not listed in the phonemic inventory of
Russian. Experimental study of perception
of the vowel-like stimuli with a changing
frequency of the second formant [8] has
revealed that the onset frequency and -.the
direction of the formant transition are
useful perceptual cues for identification
of the vowel quality. A recent experiment
on the identification ocf the steady-state
part of the vowels segmented from conti-
nuous speech has shown that these segments
convey information concerning P/NP of the
consonantal environment [11].

From all the facts presented above it is
clear that both the spectral data and the
proposed interpretations of its perceptual
significance are contradictory and incomp-
lete. To make some progress in understan-
ding the nature of the allophonic va-
riation in question, one must begin by
collecting basic quantitative data on the
spectral properties of the vowels. The
present study was designed to fulfil in
part this task.
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SPEECH MATERIAL AND METHOD

Test vowels were uttered in a nonsense
monosyllable of CVC type embedded in the
cgrrier phrase “"Say ... again". Palata-
lized or nonpalatalized fricative [s] was
used to form a symmetrical environment.
Each of the three male speakers recorded a
list of 330 sentences (10 vowels * 33
repetitions). To achieve constant speech
rate throughout the recording session the
speaker was asked to synchronize the onset
of the sentence with a periodic 1light
pulse. The phonetic identity of the test
vowels was checked up by 8 listeners in an
identification experiment. Spectral analy-
sis was computer~-implemented. Prefiltered
speech signal was sampled at 10 kHz by an
8-bit A/D converter and subjected to Fast
Fourier transformation to compute power
spectrum of the signal. The analysis win-
dow shift was 128 points. An automatic
algorithm was used to compute the frequen-
cies of the first three formants [12]. The
test vowels were characterized by an F-
pattern measured at the point where F2
reached its extreme value or in the middle
of the vowel if there was no extreme. To
enhance the reliability of formant peak
location wideband sonograms were regularly
made. By tracking formant trajectories on
the sonograms in the vicinity of the vowel
segment we were able to identify and dis-

card spurious peaks present in
e the vowel

RESULTS AND DISCUSSION

The data obtained are presented in Table 1
and Fig.1l. The table lists the means and
standard deviations of the formant fre-—
guencies of the three speakers. Fig.1
displays the data of speaker M1 on the gi-
F2 space. We use cyrillic characters to
symbolize vowel allophones. The dots above
transcription sign indicate the allophone
surrounded by palatalized consonants Th:
results of the vowel 1dentification. test
are as follows: speaker M1 - confusion
error rate 0.30 %, speaker M2 - 4.00 %

speaker M3 - 1.40 %. The range of th'
vowel durations of all speakers is fronm 7:
to 120 msec. For speaker Ml and M2 th

duration means of the test vowels ar:

reported in [10). The vowel

confi
depicted in Fig.1 is typical, exgu:atéon
some minor details, to all the s 2 k o
The most obvious conclusion to bz it

from the figure is that drawn
the F-pat
the vowels in the context of §a1::;?122§'

consonants differ greatly fr

the context of nonpalatZlizgg zggzoone "
The observed differences are much roates

than those reported in [5,6] but igreateri
cases they clearly go along thn o

lines. In the F1-F2 space the vowzlssame

and (8] occupy the areas that are usua&g;
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labelled as [y] and [ge] respectively in
the languages that have front rounded
vowel phonemes. Our data does not support
the traditional phonetic notion that in
Russian [3] is more close and front than
[8). All the speakers have their second
formant of the vowel [4] higher than that
one of [3], which indicates a more forward
position of the tongue.
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Fig.1. Vowel F-pattern of speaker M1

Examination of Fig.1 and the tabled data
sh?ws that the areas occupied by the vowe!
;?:;2 (¢-u), [u-8], [8-3] and [3-4) in the
e space may considerably overlap.
sing only F-pattern at the steady-state
part of the vowel there is no way to find
out which of the two vowels we are dealing
with.
The 1identification data concerning the
speech materials of speakers M1,M2,M3 and
two more female subjects indicate that the
listeners most often confused the follo-
wing vowel pairs: [3-u] - 111 errors, [O-
gg - 64 errors, [3-H] ~ 29 errors, [8-¥] -
z errors and {a-3) - 26 errors.
tzidently, the vowels are confused when
th ¥ are uttered in the same consonantal
Vironment. The vowels that are the nea-
:::; 1ne}ghbours in the F1-F2 space (for
example, [¥-ul. [u-8], (8-3],([>-4]) bul
conteXto:curing in the same consonantal
Tharext re discriminated quite easily.
phonetice iof the P/NP consonants in the
Phone nterpretation of the quality of
vestigaigunds was demonstrated in the ip-
St on [9] where natural vowel in CVC
571, sti was replaced by synthetic statio-
win; : muli. The stimuli with -the follo~
470/15680rd1nates in the Fi1-F2  space:
s10/18 Hz and 520/1560 Hz - were per-
Tsive cas (8] in the context of palata-
sozed onsonants and as (3] when the con-
sona were nonpalatalized; the stimull
: the coordinates 320/1420 Hz and
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350/1420 Hz were recognized as {¥] in the
first case and as [#] - in the second.

Table 1. Formant frequency means and stan-
dard deviations for speakers M1,M2,M3

F1 F2 F3
M1 578 24 1501 27 2558 30
a M2 520 21 1489 50 2493 106
M3 560 35 1521 36 2492 64
M1 506 22 181Q 36 2696 30
4 M2 504 18 1943 16 2459 158
M3 496 25 1882 98 2514 19
M1 487 22 1633 39 2518 29
3 M2 479 26 1674 58 2569 100
M3 452 22 1686 56 2453 32
M1 429 26 2170 50 2801 53
¥ M2 403 25 2192 90 2498 324
M3 405 19 2221 69 2621 155
M1 470 23 1210 44 2481 48
o M2 434 28 1192 124 2667 167
M3 441 23 1117 56 2401 76
M1 424 .16 1652 51 2510 34
8 M2 411 28 1720 112 2210 169
M3 407 20 1611 179 2209 64
M1 372 19 976 61 2410 40
Yy M2 371 20 1064 94 2773 230
M3 392 14 951 69 2420 69
M1 346 16 1624 130 2391 51
¥y M2 372 20 1705 115 2325 130
M3 385 13 1926 194 2297 57
M1 3715 21 1627 83 2364 50
B M2 385 16 1739 89 2430 176
M3 405 19 1740 131 2398 85
M1 337 21 2322 53 2813 47
Mo M2 361 20 2329 41 2960 98
M3 374 20 2246 10 2603 81

An identification experiment [8] with the
vowel-like stimuli having F1=300 Hz
throughout stimulus duration and F2 con-
sisting of symmetrical initial and final
transitions and steady-state part varing
from one stimulus to another in the range
of 1200-1600 Hz, has shown that the stimu-
11 were perceived as [H] when the slope of
the initial F2 transition was positive and
as {¥] when it was negative.
In Russian, as it is known (1], the second
formant transition from palatalized conso-
nant into the stationary part of the vowel
[¥] is falling and it is rising from non=
Palatalized consonant into [m]}. Thus, it
might be concluded, that in Russian the
§e°°nd formant transition from consonant
1nt° the following vowel not only conveys
nformation concerning the place of conso-
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nant articulation or its palatalization,
but is a useful cue for the phonetic clas-
sification of vowels as well.

A complex analysis of the data on inherent
vowel duration [10]), vowel spectra and
confusion errors leads us to the assump-
tion that vowel identity is coded not only
in its spectral parameters but in its
duration as well, though in Russian the
duration of vowel is not phonologically
significant. There seems to be an inverse
relationship between the spectral and the
perceptual similarity of the vowels, on
the one hand, and their difference in
jnherent durations, on the other. For
example, speaker M1 provides for the poor-
ly discriminated vowel pairs the following
duration contrasts, expressed in percent
to the range of inherent vowel durations,
that in his case is 33 msec: [n-4) - 88 %,
(M-3] - 64 %, [y-o] -45 %, [¥-8] - 35 X%
and [3-a) -20 %. An interesting aspect of
these data is that large differences in
duration are established for those vowels
that are spoken, judging from the spectral
data, with the same tongue height - the
most significant and linguistically uni-
versal factor determining inherent vowel
duration. It is tempting to make a sugges-—
tion that in Russian the duration of some
vowels does not result automatically from
the universal physiological limitations of
the articulatory mechanism, but is gene-

‘rated at a higher control level.

It is necessary to touch upon the subject
of the vowel production in the context of
P/NP consonants. In the conventional view
it is assumed that in both cases vowels
are produced by the same articulatory
gesture. As to the observed differences of
the F-pattern at the steady-state portion
of the vowels they are ascribed to the
effect of the "undershoot". It is believed
that the target articulation could be
achieved if the duration of the vowel is
made large enough. We think that the
amount of spectral differences found in
this study for the vowels in question
could not be explained within the frame-
work of the "undershoot" theory. We sup-
port the view developed by Lindblom that
the undershoot observed for vowels during
faster speech is programmed into the ges-
ture and is not a result of a too fast
succession of motor commands. The essence
of the speech production process is not an
inefficient response to invariant control
signals but elegantly controlled variabi-
l1ity of response to the demant for a rela-
tively constant end [13].

CONCLUSION

In the present work it has been shown that
there is a considerable difference in the
spectral properties of russian stressed
vowels at the steady-state part depending
on the P/NP of surrounding consonants. The
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allophonic variation can not be adequately
represented if one uses only static cha-
racteristics (F-pattern at the stationary
part). The dynamic properties of the se-
cond formant transition should be taken
into consideration as well. Data from the
present study together with [10] indicates
that there is a tendency to compensate for
the lack of spectral contrast between
vowels by increasing their difference in
duration.
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