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Abstract

The reduction of the six Bulgarian vowelse(ia,3, o, u) to a
four- or (in some dialects) three-vowel subsysténgs}, 3,

u) in unstressed syllables is generally acceptedt &8u
number of studies disagree on the exact naturehef t
reduction process. Claims differ as to whether ofr /ad
merges phonetically withs/, and 4/ with /u/, or whether the
assumed neutralized oppositions take a phonetically
intermediate quality ¢] and [0]). Previous acoustic analyses
have been based on very few, and almost exclusivalle
speakers. The present study uses all the men’svanten’s
vowels from the Babel contemporary standard Bulgarian
(CSB) read speech corpus. Mid-vowel F1 and F2 values
were normalized to remove inter-speaker differenaed
statistical comparisons of stressed and unstressedtl
productions performed. Results confirm the raisinfj o
unstressed /a/ and//reported previously, but raising is
found to affect all vowels when unstressed except /
Unstressed /a/ and//are raised to the quality of stressed /
and /u/ respectively (effectively neutralizing thgposition),

but remain distinct from unstressed aAnd /u/, which are
raised from their stressed vowel positions. The lhagpism
underlying the reduction process is discussed.

Index Terms: vowel reduction, stress, neutralization

1. Introduction

Despite a number of phonetic analyses of vowel ¢l in
Bulgarian [1-10] the exact nature of the reductioocpss
remains anything but clear. Considerable differennethe
vowel formant values reported, coupled with the Ikma
number of speakers (1 to 4palyzed, make it difficult to
reach a convincing conclusion. It is generally ated that
in CSB the six stressed Bulgarian vowels:/ia, 3, o, u/ are
reduced to a subsystem of four (three in some diléi,
(e), 3, U/ in unstressed positions. Opinions differ, buer,
as to the phonetic quality of the unstressed vawefsl
consequently theories of the reduction process rgéve
Several authors [3, 8, 9] see a phonological réduct
process where the /all/ opposition is neutralized in a
schwa-like mid-centrak], /o/-/u/ is neutralized in [u] and, in
the dialects with a three-vowel subsystena/-/i/ is
neutralized in [i]. This implies target undershoat
unstressed non-close front and back vowels wittssistance
to such undershoot in close and mid-central vowels.
Bojadziev, among others, reports that unstressedis/a/
neutralized in all dialects, whereas complete amnkistent
reduction of /e/ and /o/ is restricted to eastaaiedts [7].
the Bulgarian Academy Grammar [5] and the Handbdok o
the International Phonetics Association [11] on titeer
hand, identify an intermediate quality for the reeld
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vowels, with ¢/-/il neutralizing to [e], d/-/u/ neutralizing to
[0]. Since the Handbook of the IPA describes theaus/ is
as a more retracted, closef, [the neutralization of /a5 in
[s] also represents an intermediate quality. This ligsp
additional defined targets for the unstressed vewsihce
the undershoot explanation fav,//a/ and 4/ is confronted
with a degree ofovershoot for /i/, ¥/ and /u/. Wood &
Petturrson suggest an articulatorily economicallanation,
which sees the unstressed vowels as products otedd
mandibular opening, with no change to the oral or
pharyngeal configuration [9]. The present studyrasses
these different views with a more substantial anioof
speech material, produced by more speakers, bothewo
and men, than has hitherto been analysed.

2. Material and Methods

The material analyzed was continuous speech (ssegemd
short passages) taken from the Bulgarian Babel dsgaba
[12]. The material had been read by 20 speakersrd2
and 8 female) who were characterized as CSB spedkess.
overall length of the analysed material is aboutfutes.

All stressed and unstressed vowels in non-palatliz
contexts were manually segmented on the basis ef th
synchronized microphone signal and spectrogrananélF2
were measured at the vowel mid-points using preidpts.
After discarding tokens which did not allow reliatspectral
analysis, 5537 remained for further processing.eGithe
nature of the texts, these were unequally distedhutver the
six stressed vowels and the six corresponding esstd
vowels (see Table 2).

The formant values were normalized by using thieihce
between each speaker’'s average value for each vamekl
the group average for the same vowel as normalizati
factor. l.e. the individuals’ vowel spaces werejgected onto
the group vowel space, in effect aligning the vowieingle
centroids and correcting for dispersion differencéhis
reduced the scatter round each vowel mean whichnséel
from inter-speaker differences, making the statidti
determination of possible vowel merging or remainin
distinctive quality in unstressed vowels more Beci

A MANOVA was performed with vowel and speaker as
independent variables and F1, F2 and duration psndkent
variables. The Levene test of equal variance redeal
significant variance differences across vowelsuigng a
series of t-tests with Bonferroni correction=0,0167) for
the pairwise comparison of the vowels.

In view of the dominant F1 shift (open to closd) o
stressed to corresponding unstressed vowel thegpparent
from nearly all previous studies, intra-vowel ctations
between F1 and vowel duration were calculated for a
vowels to determine the strength of any stressgeddent



link between vowel height and duration. This haor
implications for any theoretical interpretation @bwel
reduction.

3. Reaults

The MANOVA showed highly significant main effects o
vowel on F1 and F2 (p<0.001 in both cases), abslgluto
effect of speaker, indicating the efficacy of themalization
process, and consequently no speaker-vowel interact

Table 2 shows the group-mean F1 and F2 values for
each of the vowels. This reveals the general paérF1l
reduction from stressed to unstressed and the wemied
degree and direction of the F2 shift.

Table 2.Means and standard deviations per vowel
category /ig, a,3, 2, ul and stress

Table 3.Probabilities and significance levels
of vowel comparisons

Vowel pair Sig. F1  Sig. F2
[a st VS. 13f s .000 .000
/a/[+5m VS. /3/[_5"1 .000 .000
/a/[+slr] VS. é/[+slr] .000 .000
/a/[_sm VS. é/[-slr] .000 n.s.
lak st VS. Blirsn n.s. n.s.
/3/[_sm VS. B/Prstr] .000 n.s.
/O/[_Sm VS. b/[+5m .000 n.s.
oli.stqVS. IUf.sm .003 n.s.
ol1.stq VS. IUfsstr n.s. n.s.
1oli4stq VS. TUfrsm .000 n.s.
/O/HSU'] VS. /U{_Sm .000 n.s.
Ut VS. [Ufism n.s. n.s.
/i/[+slr] VS. /i/[»slr] n.s. .000
/i/[+slr] VS. é/[+str] .000 .000
/i/[+5m VS. ‘é/[-str] .000 .000
/i/[-str] VS. k/[.'.sm .000 .000
/i/[-str] VS. k/[_sm .000 .000
/8/[+Slr] VS. é/[-str] .000 n.s.

The back vowels pattern similarly to the centralvets
in that unstressedo// is raised, no longer distinct from
stressed /u/. Also unstressed /u/ is raised andinsndistinct
from unstressed/, though, as an already high vowel, it does
not have the same scope for raising as unstresséhus it
is not significantly different from stressed /u/:

Vowel n 2 =2

M SD M SD

[+str] /i/ 368 393 68 2233 327
lel 411 615 97 1862 251

la/ 553 773 116 1447 188

13/ 158 579 100 1472 197

Il 343 688 99 1090 176

lu/ 108 446 77 1069 168

[-str] /i 657 384 64 2170 351
el 860 500 101 1843 276

la/ 1205 564 107 1520 254

ol 202 545 101 1504 234

1ol 631 461 81 1077 213

ful 41 434 73 1099 216

F1: (L{-str] = l-{*'str]) & (U[+slr] = o[-slr]) < Ol+str]
F2: Uistr] = Of-str] = U-str] = J[+str]

3.1. Reductions and neutralizations

In Table 3 the significance levels of the relevpair-wise
vowel comparisons are shown.

Reduction in the front vowels results in the follogi
groupings and formant value hierarchy (low to highmant
values from left to right):

F1:
F2:

i[-str] = i[+str] < €Lstr] < E+str]

€[-str] = Ef+str] < i[-str] < i[+str]

As would be predicted for CSB speakers, the front
vowels do not undergo neutralization. In terms ofvel
height, unstressed /i/ is numerically ‘higher’ thetressed /i/
but not significantly so. The mid-open position w80
significant £/-raising, but not sufficient to merge with
stressed or unstressed /i/. Unstressed /i/ hasfisantly
lower F2 values than stressed /i/.

The central vowels are traditionally said to show
neutralization and this is confirmed in the vowalp
comparisons for vowel height:

F1.
F2:

3lstr] < 3[+str] = S-str] < str]

istr] < 3[+str] = 3[-str] = G-str]

Unstressed /a/ is raised and merges with stressédit/
unstressed s/ is also raised and remains distinct from
unstressed /a/. As far as F2 is concerned, unsttéasagain

There are no significant shifts in F2.

3.2. Reductions correlated with Duration

As stated in the Introduction, the degree to whieh
lowering is linked to shorter vowel duration hasosy
implications for a theory of vowel reduction androu
understanding of speech production (cf. also [9fble 4
shows average durations for stressed and unstressezls
for the two genders.

Table 4.Vowel duration averages for women’s and men’s
stressed and unstressed vowels

vowel duration male duration female
M SD M SD
[+str] [il 66,48 17,87 88,70 24,22
[l 85,20 18,01 111,49 28,34
la/ 94.20 22.37 122,85 27,57
/3l 64,05 15,83 89,84 28,10
Il 88.95 18,26 114,74 24,67
Ju/ 57,68 16,28 85,13 23,58
[-str] lil 55,67 19,84 66,05 24,98
Iel 52,98 18,80 62,02 19,73
la/ 58,59 16,63 64,10 23,45
/3l 55,78 16,53 62,52 19,64
6) 53,55 16,43 62,70 21,69
fu/ 59,54 17,13 65,23 22,39

groups with the mid-central vowels, with higher ¥ues
than stressed /al.



Table 5 gives the Pearson r values for stressed and

unstressed vowels. The overall message from Tdbdesl 5
is that there is indeed a general tendemdthin vowel
categories for F1 to be lower for shorter vowelations.
However, although statistically significant for akcept the
close vowels, the effect is numerically weak. Ewve
strongest correlations — for the two mid-centrawets
(/aksy and Alpsg) — P only predicts 10.3% and  14.8%,
respectively, of the variance. Given correlatiorftioients
for non-close vowels, it is not surprising that foe close
vowels, where the proximity of the tongue to thdapma
constrains further approximation, duration-depehdEt
lowering is quasi random.

Table 5.Pearson correlations for F1 with duration

Vowel r Sig. n
Qstr] .158** (.000) 553
A-str] .321** (.000) 1205
3[estr] .385** (.000) 158
3[.str] .140* (.024) 202
i[+str] .045 n.s. 368
i[-str] -.016 n.s. 657
Ep+st] 157 (.001) 411
El-str] 227 (.000) 860
U+str] .109 n.s. 108
U-str] .013 n.s. 41
O+str] .107* (024) 343
.str] 151 (.000) 631

Compared to the massive ‘phonological’ vowel
movement from stressed to unstressed (see Figutbebe
intra-category, duration dependent shifts in F1 aeey
small. The evidence points therefore to two distinc
processes: on the one hand, a universal, artieylato
phonetic, time-driven undershoot, and on the otheer,
phonological reduction with defined targets for the
unstressed vowels.
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Figure 1:Group average F1/F2 vowel plot

Though the diachronic development of a phonological
‘reduction rules’ is not completely understood, fhet that
both phonological vowel raising and articulatorydarshoot
only apply to non-high vowels is strong evidence tioe
assumed link between the two (cf. [9]).

4. Discussion and Conclusions

It is relatively clear from the results of our aysas which of
the theoretical models of Bulgarian vowel reductiqpears
more plausible for the CSB material examined hererdh
are no indications that high vowels are loweredrterge
with raised low vowels in an intermediate vowel lityaas
the Bulgarian Academy Grammar [5] ak@ndbook of the
[11] report. The general pattern is one of low amd vowel
raising, as [3, 8, 9] have reported. This resuitsthe
neutralization of the low central with the mid-aehtvowel
and of the mid back with the close back vowel. @ratory
undershoot of the mid-central vowel means thatuits
stressed counterpart remains numerically but notepéu-
ally distinct from the raised unstressed /a/.

Interestingly, even in the front vowel series, vhio
CSB, in contrast to e.g. eastern Bulgarian dialeetsjns a
vowel height opposition, there is a clear raisifigrstressed
/el. This suggests an unfinished reduction processe she
resultant unstressed vowel has an intermediatectogk /e/
quality. There is, however no lowering of the uessed /i/
to merge with the unstressed /

Pettersson & Wood [9] argue, and in fact demorestrat
that reduction is continuous, not categorical. THeiear
regression evidence is, however, less than comgnaince
a regression calculated across categories sepaiategl one
dimension (here F1) will inevitably emerge as digant.
We argue in our results section with referencehtorneans
shown in Figure 1 that, while there is significantra-
category variance, stemming from consonantal coraed,
in the case of the stressed vowels from varying ek of
phrasal accentuation, it is small in comparisonhwiite
stressed-to-unstressed shift. This is underlinedhay two
F1/F2 scatter plots in Figure 2a, b below. The tgrescatter
of the individual unstressed vowels in Figure 2lgéaeral
feature of unstressed vowels) cannot disguise dhe that
the cores of the central and back distributions smgarate
from those of the corresponding stressed vowetlibigions,
as the highly significant F values demonstrate.

Contrary to the claims of the Bulgarian Academy
Grammar [5] our results show that the reductioncess
applies to the back vowels as strongly as it daeshe
central vowel group. Again, scrutiny of Figure Za,in
conjunction with Figure 1 provides convincing evide. In
addition we note that the /u/ vowels in our da& faonted,
as also reported in [3]. This contrasts with timeliings of [1,

5 and 9], where /u/ was clearly more retracteds linclear
whether this reflects dialectal variation or an gmiRg
fronting process in CBS.

Past studies have also failed to consider posgiateler
differences. Our vowel duration measurements reveal
systematically shorter vowel durations for the men
(p < 0.001, cf. Table 4). In addition, there areeth
durational different sub-groups for the women spesk



with the six stressed vowels falling into two greugnd all
the unstressed vowels in the third:

la,0, elpsy > B, 1, Uhsy > [, U, @9, &, € fsy

By contrast, the men have no such separation of

unstressed from stressed vowels, though the troeels in
the sub-group with the longest

(c.f. Table 4).
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Figure 2a, bF1/F2 scatter plots for stressed (top)
and unstressed (bottom) CSB lowe

This first representative instrumental study of CSB h

gone a considerable way towards clarifying the nessed
vowel-reduction processes. Work in the past haderio
focus on the Bulgarian dialects [13] and the stashdariant
has been neglected.
investigate ‘Bulgarian’ have also used speakers wition-
standard regional background [3, 10].

average duration
(/a, 9, € Insyy) is the same as the women'’s longest sub-goup

A final implication of the results of this study ramern
the dissemination of information about a standaatonal
language variant, in this case CSB. The
description of ‘Standard Bulgarian’ pronunciationosku
presumably be the account published in the Handbbtike
International Phonetics Association. Thorough aaeftl as
the analysis by [11] is, the data analysed is angthbut
representative (this is not a criterion stipulatedlanguage
descriptions in the Handbook). We have already cened
on the reduction patterns identified there, whidbadree
with our more representative results. The choicéxbffor
the stressed mid-central vowel is also misleadsigce it
implies a backness quality which is certainly notre out

‘definitive’

Indeed, studies which purport t

by our results. Thes/ is located robustly midway between
el and b/.

(1]

(2]

(3]

(4]
(5]

(6]
(7]

(8]

Bl

(10]

(11]

(12]

(23]

5. References

Stojkov, S., Uvod vav fonetikata naaltarskija ezik.
(Introduction to the Phonetics of Bulgarian), Sofdauka i
izkustvo, 1966.

Stojkov, S., “DneSnotoistojanie na fonethite i fonologEnite
prowvanija na Blgarskija literaturen ezik”, (Contemporary
Phonetic and Phonological Investigations of Stashdar
Bulgarian), in H. Parvev & V. Radeva (eds.), Poniagzo
bilgarska fonetika. Sofia: Nauka i izkustvo, 7;1880.
Lehiste, I. & Popov, K., “Akustische Analyse bulgaher
Silbenkerne”, Phonetica 21, 40-48, 1970.

Tilkov, D., Le vocalisme bulgare, Paris: Klinckdied970.
Tilkov, D. (ed.), Gramatika naagremennija Blgarski kni-
Zoven ezik, Tom |: Fonetika. 1zd. nalBarskata Akademija
na Naukite, Sofia. (Grammar of the Modern Bulgatidgarary
Language, Vol. |, Phonetics), 1982.

Tilkov, D. & Bojadzhiev, T., Blgarska fonelika, Sofia: Nauku
i Tzkustvo (Bulgarian Phonetics), 1981.

Bojadziev, T., “Udarenieto i zvukovata struktura na
balgarskata duma” (The Stress and Sound Structurthef
Bulgarian Word), in Brvev & Radeva (eds.) Pomagalo po
balgarska fonetika, Sofia: Nauka i izkustvo, 200-20380.
Pettersson, T. & Wood, S., “Vowel reduction in Barign and
its implications for theories of vowel reductionteview of the
problem”, Folia linguistica, XXI, 261-280, 1987.

Wood, S. & Pettersson, T., “Vowel reduction in Barign: the
phonetic data and model experiments”, Folia lingeas XXII,
239-262, 1988.

Simeonova, R., Die Segmentsysteme des Deutschemlesd
Bulgarischen. Eine kontrastive phonetisch-phonsidy:
Studie., Munchen. ISBN 3-87690-445-5, 1998.

Ternes, E. & Vladimirova-Buhtz, T., “Bulgarian”, in
Handbook of the International Phonetic Association,
Cambridge University Press, ISBN 0-521-63751-1, 555—
1999.

Roach, P., Arnfield, S. & Hallum, E., “BABEL: A Mti
Language Speech Database”, in Proceedings of tfe96S
Speech Science and Technology Conference, Adelaide4,
1996.

BDA - “Bailgarski dialekten atlas”, Obobstavast tom, I-Ill,
Fonetika, Akcentologija, Leksika, (Bulgarian Digleatlas),
Sofia: Trud, 2001.



