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ABSTRACT

This paper reports the results of model experiments
designed to test hypotheses concerning the articu-
latory correlates of vowel reduction in Bulgarian.
It is concluded that reduction can be explained in
terms of neutralization of mandibular depression,
of lingual and labial campensation for mandibular
variation, and of labial activity.

INTRODUCTION

Vowel reduction in Bulgarian is characterized, in
traditional terms, by raising and not by centrali-
zation. There is a reducing set /e,0,a/, whose re-
flexes merge with those of a non-reducing set
/i,u,%/ in unstressed syllables in informal speech
(/e/=—[il, /Jo/—[u]l, /a/—[Z]). The character
"3" denotes an [e] or [3]-like timbre.

The actual occurrence of vowel reduction in
everyday Bulgarian speech is subject to normative,
social and dialect constraints (1). Unstressed /a/
is reduced in all dialects. Complete reduction of
both /e/ and /o/ is limited to eastern dialects,
but they are reduced to a varying extent elsewhere,
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The frequencies of F1 and F2 for stressed vowels in iso-
lated words and in focused words in sentences. The large
variation in F2 for /u/ is related to consonant environ-
ment (high F2 with preceding dentals).

depending on the formality of the situation. The
reduction of /o/ is common in the Sophia dialect,
but /e/ is frequently not reduced.

Figure 1 shows the F1 and F2 frequencies of the
vowels in fully stressed syllables, recorded by an
informant from the Sophia region. The examples of
/u/ with the highest F2 frequencies are preceded by
dental consonants. The position of /3/ is central
and midway between /e/ and /o/ (F1l about 350-450 Hz
and F2 about 1300-1600 Hz), agreeing with the tra- .
ditional analysis of the Bulgarian vowel system
with /3/ as an "indeterminate" mid central vowel.

However, the well known correlation between tradi-
tional tongue feature usage and formant frequencies
does not express a causal relationship, since all
parts of the vocal tract contribute te each reso-
nance. One cannot deduce articulation by transla-
ting F1 into "height" and F2 into "backness". Fur-
ther, it was formerly believed that a central
tongue position narrowed the mouth channel at scme
point between the hard and soft palates, but this
is not substantiated by midsagittal x-ray profiles
(2,3). Instead, the vocal tract is narrowed at one
of four locations: along the hard palate for [j-g]
and [y-e]-like vowels, along the soft palate for

F2 Hz
3000 2000 1000 500
N . N A
J - 200
J - 800
[
4 L
A
; r v . 1000

F1 Hz

Figure 2

The frequencies of F1 and F2 for unstressed /e,a,o/ in
isolated words, compared with the stressed vowel areas
(Fig. 1). The variation of F2 for /o/ is related to con-
sonant environment.
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i i r pharynx for
- and -like vowels, 1in t]'}e uppe:
%g_ﬂ and H%—like vowels, and in the lower pharynX
for [2-a]-1like vowels.

xaminati ~ iles by Tilkov (4,5)
ination of x-ray profi _ '
I‘;::L'ndi.cra:?:es that the tongue articulation fﬁ)rr) /8/ ;nhi
/a/ is similar, with a pharyngeal narroxfr; g;‘S Toe
main difference 1is that the ]gvgfopen(x:eg is lees
i imilar differen

for /&/, as in the siml n
E)glen and [1] and between lo] §nd [ul. 'l‘hece1 sPectL;:e
effects of these manoeuvres will be test in
model experiments.

i / shifted F1
i 5 shows how reduction of /e.a,o,a
gxlngz well beyond the contrastive spectra of thz
accented vowels, in many cases causlng _coaleigargzd
with /i,u,%/ respectively. 'I‘l;e ﬁﬁtﬁsminf@r—
i ig. 2 reflects the extent to : f
rlt:nf:‘l ghas respected the norm and avglded reéh.]ctlon(.i
This was most obvious in the recordmgg, of the wor
lists When the words were placed m'sentences,
there was more reduction, but /e/ ; t%:plca{];}l‘gt f»;;
i most resistant. E‘1c__;ur_'e g
r;\;lezetga of weak /i,u,%/ are similar to those of the
respective stressed forms.

. : £
ible phonetic explanations fo;' this pattern ©

E‘Zfiiiiong;nclude (1) relaxed artlculator%/‘ com-_ri{e_i
neutralizing articulatory canponem_:s of the nc_):ion
duced vowel and leading to a continuous tr:rlxilma_
between unreduced and fully reducgd forms. te pa-
tively, (ii) switching between integral articu ?_d
tions by substituting different manoeuvregs, dwcr:;uon—
lead to discrete jump§ between reducl an .
reduced forms. Explanation (ii) is, by its na uxf'e,
categorical. Phonological accounts are also,. or
convenience, categorical. The spectral regress?or'\s
between nonreduced and fu}ly reduced /e,0,a/ in
Fig. 2 support explanation (i).

MODEL EXPERIMENTS

f selected articulatory
e spectral consequences of ¢ ;
ngnoeuvres are studied by manipulating the contours
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/gclzg'rgi;\g to consonant environment: word initial /of @,
;receding velars (VEL), preceding dentals (DEN).

of vocal tract profiles and then ccmp\..lting *Y_‘ne rll—‘g-
sonance frequencies for each new configuration. i
rationale for selecting manoeuvres to experimen
with is outlined in detail at each ezcample. The ge-
neral principle is to deduce appropriate manogu\lrres
in each case from knowledge of spgech physiology
and the structure of each vowel configuration.

raphic data in Figs. 2, 3 were o‘?tamed
rI;i"xce)rnspggtrx?:ca)rcipsimrecorded in isolation al?d in ?gr)x—
tences, both in focal and nonfoca} pOSLtlon;et hOd.
The recordings were analysed using an LPC fra.n
The trends of the gradual spectral transnélogz bron
the nonreduced renderings to the fully_re uc oy
derings are captured by lineal:: regre§51ons in oduce
4. The aim of the model expt_arut\ents is to reg;uvres
the regressions by subtracting s?lected nlman
from complete [e¢], [a] and [0]-like profiles.

i 15
is of published radiographic data gor same

Tﬁi(ljyuzqes (E7)) indicates that, for nonhigh a;/)oa:zls,
the mandible is usually depressed beyond DO o
mm, typically to about 10 mn. larger opi(ll gs, °
say 15 mm, would occur for example 1n p;lb 1cumb speakling.
ing. Smaller openings would occur 1n nll e
Usually the tongue campensates for mandibula: e
ation by maintaining a suitable degree of narOr "
of the palatal passage, of the velar passade
the pharynx, as the case may be.

Pharyngeal /a/

The first experiment examines the effect of \l’aflg‘l;%
the jaw opening from 14 to 6 mm with full 11 de
campensation in order to maintain the 9P‘}U“\’f‘on is
gree of pharyngeal narrowing. This modificatl
illustrated at A in Fig. 5.

The next experiment assumed that lingual Cd“ieoggie
tion is turmed off during reduction (the st
would not be drawn back into the pharynx at iic of
jaw positions). Another likely chaxracter].st'lvity
reduced /a/ is that the typical pharyngeal ac 1t in
is weakened. Both of these features will resut- .
a wider pharynx and narrower palatal passage.
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Figure 5

Modelled jaw opening variation 14-6 - mm in an /a/-like
configuration: with full lingual campensation (A), no
lingual campensation (B), and weakened lip spreading (C).

Figure 6

Modelled jaw opening variation 14-6 mm in an /e/-like
configuration: with full lingual compensation (D), no
lingual compensation (E), and weakened lip spreading (F).

Figure 7
Modelled jaw opening variation 14-6 mm in an /o/-like
confiquration: with full lingual (G) and labial campensa-

tion, no lingual compensation (H), and elevated tongue
blade (I).

combined nodification is illustrated at B in
Fig. 5. ’

A further possible reduction effect is neutraliza-
tion of lip spreading (C in Fig. 5).

Palatal /e/

The same variation of jaw opening between 14 and 6
mn with perfect lingual comperisation for /e/ is il-
lustrated at D in Fig. 6. This rmaintains an ideal
degree of palatal constriction. E in Fig. 6 illus-
trates the same mandibular reduction, but without
lingual compensation (the narrower palatal passage
due to the higher mandible position is not correc-
ted by lowering the the tongue).- Again, a further
possible feature of vowel reduction is neutraliza-
tion of lip spreading (F in Fig. 6).

Pharyngovelar /o/

The profile modifications for raising the mandible
from 14 mm to 6 mm with perfect labial and lingual
compensation in /o/ (to maintain an ideal lip open-
ing and degree of pharyngeal narrowing) are illus—
trated at G in Fig. 7. Mandibular reduction with-

aut lingual or labial campensation, with reduced
pharyngeal activity and weakened . lip rounding is
shown at H in Fig. 7.

Figure 4 shows that reduced /o/ preceded by dental
consonants in the informant’s speech had a higher
F2, which is probably due to the tongue blade re-
maining elevated in /o/. This modification is il-
lustrated at I in Fig. 7.

RESULTS

The results of the model experiments are recorded
in Fig. 8.

Full campensation

With full lingual compensation for mandibular vari-
ation 14-6 mm (and labial compensation in /of), the
vowel spectra remained in the respective contras-
tive areas of the nonreduced vowels (A, D, G; can-
pare /a,e,0o/ in Fig. 1). This illustrates the
extent to which compensated mandibular variation
contributes to the normal spectral variation of
stressed vowels in speech. .

No lingual compensation

The simulated reduction of /a/ (B in Fig. 8) com-
pares well with the /a/ regression in Fig. 4. The
wider pharynx, narrower palatal passage and nar-
rower mouth opening resulting from an uncampensated
smaller jaw opening shifted F1 and F2 in the
direction of the observed regression.

The simulated reduction of /e/ (E in Fig. 8)
shifted the spectrum towards an [j]-like vowel, but
with a high F2 rather than with the lower F2 exhi-
bited by the informant (Figs. 2, 4).
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The results of the modellad articulatcry mdifications
(Figs. 5-7), for coparison with the regressions cbserved
in the infamant’s speech (Fig. 4).

The simlatad radxction of /o (3 in Fig. 8)
cxpares well with the regression £or /of trecedsd
by velar consarants {(Tig. 4).

weaxaad lio soreading

—

Two experizents also assuned weaksned lip spreading
£r the soread-lip vowels /e,a/. The results are
recordad &t F and C respectively in Fig. 8. Cor
var=d with E a3 B, F2 is lower. Scth B an3 C
stift the /af spectira towards the /% arsa.  Sor
/2!, the weakanad lip spreading () metches the e/
regression ceserved in the infuwrmant’s  spescth
(sizs. 2,4).

Elxatad tonge blade

The Hinal experiment addad an elevmad tongee blade
w0 the simlatad raductions of /o/. Twe resuls, il-
lostratad 3t I in Fig. 8, is a higher 2 coopared
with . This corpares well with the regression Sor
/o/ preceded by Gertal comsarants (Fig. 4).

SISCUSSTON 1D CONCIUSINS

Tre articulatory behaviowr nodsllad in the  experi-
Terts successiully remrodaced the spectral reduc-
Hon recordad £om the inSormars. The results  de-
mrstraza that the raduction of lgarian /e,0,a/
can be explained in terms ©f mervalizasion of mar—
&oular Jepression, of lip spreading or randing,
and of linqal and labial compersasion for mendibo-
lIar variasion. This asspes the- reduction is a
process of steraction, amd not are of substitiring
2 rew set of mancewvrss Sor the raduced vowel. The
Sadal soectral! tramsition & rorredxced to
Z2lly redoced depensds oo which corporests tarven to
be tiomad down and Yow far. I there is a hierar-
v for rexmalizstion, we suggest the following
crisr: mandimular Jepression, COmpensasion, lip

3ChIVitY.

The formant frequencies yielded ‘ile the experiments
d not reproduce those of the informant exactly,
To do that, it would be necessary to moc_lel the in-
£rmant’s own vocal tract. The results have genera)
interest precisely because the oObserved spectra)l
tendencies were reproduced by manipulating a set of
profiles that were chosen at random.

we propose that the feature that distinguisl:les the
rafxing set /e,0,a/ from the nonreducing set
/i,4,3/ is the degree of jaw opening, and that the
cther rthonetic correlates of reduction are sub-
smed. The reducing set are [open] and the
rcrradacing  set  [nonopen].  Vowel reduction in
3ulgarian will then be captured by the following

Trulie:

[+open] —> [~cpen]
[-stress]
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