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Abstract

The three-way distinction of Estonian quantity ifeature of a
primary stressed disyllabic foot. Quantity degrassrealized
by the combination of segment duration ratios arel gitch

contour within the foot. Additionally, other phoiefeatures
appear to follow a similar pattern, such as vowgdhliy. In

this study, segment duration and vowel quality wamelyzed
in Estonian spontaneous speech. Vowels in stresdiables
of short quantity degree feet were distinctivelgsdr to the
center compared to those of long and overlong dyaiegree
feet. Vowels in unstressed syllables showed morati@n in

general, but the difference between the quantityreks was
relatively small.

Index Terms. Estonian, quantity, vowel quality

1. Introduction

In Estonian, disyllabic feet can be in short (Qaihg (Q2), or
overlong (Q3) quantity degree. The feet are lefideel and

phonologically it is the stressed vowel (e.gilf’] ‘chilly’ —
[vi:lu] ‘slice, sg. gen.’” —Yixlu] ‘slice, sg. part.’), consonants
between syllables (e.gkdli'] ‘kvass’ — [kalli] ‘hug, sg.

nom.” — [kal:li] ‘precious, sg. gen.’), or a combination of a

stressed vowel and following consonant (esgtq’] ‘fall-out’
— [saztte] ‘get, pl. 2 pers.’ — fa:t:te] ‘broadcast, sg. gen.’)
that carries the quantity, whereas the followingsttessed
syllables do not have length opposition [20]. Agrthis a
tendency to foot isochrony [16], [17], the duratiof the
second syllable compensates for the variation ef first
syllable. The duration of syllable onset consonamésmainly
dependent of the local speaking rate while the tityaran be
described as the ratio of syllable rhyme durateg, [1], [7],
[8], [10], [11], [12], [17], or by comparing the Vduration
with the weighted sum of segment durations withfo&t, e.qg.
9], [19].

While the temporal structure of a disyllabic fost the
primary feature of quantity, variation of the pitcbntour has
also been studied extensively. Typically the pikhelatively
flat in the first syllable and falls at the syllaltboundary in Q1
and Q2, whereas in Q3 pitch falls at the beginmhthe first
syllable [1], [10], [11], [12]. It is thought thdke pitch cue is
of vital importance for discriminating Q2 and Q3,[R1]. On
the other hand this claim has been doubted as #rerenany
cases where most of the pitch contour in the 8xdiable is

interrupted by a voiceless consonant (ekatfa]) [19].

Nevertheless, recent perception studies [13], Eijw that
conflicting temporal
discrimination of Q2 and Q3, whereas temporal caes
sufficient for successful discrimination if the git cue is not
present. The weight of the pitch cue appears to var
accordance with the dialectal background of therisrs [13].
These results suggest that instead of a fixedfdettures that
describe the quantity degrees, there is a more leamp

and pitch cues can confounce th

interaction between different features that aregtved by the
listener.

In Estonian there are nine vowelsy, u, e, @, v, o, &, a/
that can occur in the first syllable, but only fafrthem i, u,
e, a/ can occur also in non-initial syllables, e.g.;[@metimes

the low front vowel is marked witha/ instead of #/, e.g.

[20]. Vowel quality has been shown to vary in coctian with

quantity; though vowel length has a relatively dnafflect on

vowel quality. In the stressed syllable, vowelsQ8 feet are
the most peripheral (while longest in duration) lelviowels in

Q1 feet are the most centralized. This variati@wéwver, does
not exceed 1 Bark difference and therefore is nosicered to
be perceivable [6]. Vowel quality perception in &san has
been assumed to be unrelated to vowel duratiorausecas in
other quantity languages it is used for quantitypagition.

However, a recent study shows that also changegsgment
duration do affect the perception of vowel qualit$]. In an

unstressed syllable quantity degrees affect theelquality in

the opposite direction and the variation crossespérceptual
boundaries: vowels of Q1 feet are the most pergiand the
longest in duration) and the vowels of Q3 feet tue most
centralized [6].

2. Materialsand methods

The data were extracted from the University of Trquthonetic
corpus of Estonian spontaneous speech. The cogmsssts of
29 hours of spontaneous dialogues and monologoes 35
speakers. The speech is manually segmented atdite and
segmental level (work in progress; currently ab®iithours
completed). For this paper 11 hours and 44 minotepeech
from 14 speakers was used.

All the 14 subjects (6 female, 8 male; age ran@iom 21
to 50 years with an average of 33.8 years) aree&stonian
speakers with university education who live in Tamr
Tallinn. The original regional background of theeakers
shows more variation: only two of the speakersgaoavn up
in Tallinn and four in Tartu, four in different ldiges in central
Estonia, one in West Estonia, and three in Soutbniizs

Table 1.Number of observations of vowels in the first dral t
second syllable.

V1 V2
Sex Foot| i u e o &2 a|i u e a
Q1|32 16 33 17 27 2p10 45 16 83
14 3 44 13
17 1 12 28
B35 55 27 121
125 2 82 17
B24 0 12 40

Q3| 7 11 14
Q1 | 56 23 43 24 44
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The data were analyzed with Praat [4]. Words witio t
open syllables in Q1, Q2 and Q3 were found and sagm
durations as well as F1, F2, F3, and F4 valuelseairid-point
of V1 and V2 were extracted with a Praat scriptrnfant
values found by the script were manually checked.

The vowelsy, g, ¥/ and the unstressed vowel /u/ were left

out of the analysis because there were less thaa fi
observations of each vowel in the first syllableQ# and Q3
words. In total 726 words were analyzed. The numifer
tokens for each vowel is presented in Table 1. &hesre 392
words in Q1, 200 words in Q2, and 134 words in Q3.

The segment durations and the vowel formant vakere
compared between the quantity degrees. A one-wa@\AA\
was used to test the difference of each charatiteris order
to plot the vowels in two formant space, F2" wakudated
using the formula from [3]. The formant values were
converted to Bark using the formula from [18]. A tmbmial
logistic regression model was used to evaluaténtheence of
the acoustic characteristics to the quantity degree

3. Resultsand Discussion

The mean segment durations are presented in Figuiide
duration of syllable onset consonants varies diighétween
the gquantity degrees. The duration of initial carets (C1) is
57 msin Q1, 77 ms in Q2, and 79 ms in Q3. Thesdhfice
between Q1 vs. Q2 and Q3 is about 20 ms (by ANON®& t
difference is significant F(2) = 57.79, p < 0.00Ihe duration
of intervocalic consonants (C2) is 58 ms in Q1, 56imQ2,
and 67 ms in Q3, i.e. the difference between Q1@2ds. Q3
is about 10 ms (F(2) = 12.754, p < 0.001). Thisatem can
be a result of the local speech rate, and couldetaced by
taking into account the position of the word in fiterase, as
was done in [1], a study using the data from thmesaorpus.
The reason why this was not done here is that tiwere too
few observations of each vowel in each possibleagdir
position.
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Figure 1: Mean segment duration and standard
deviation.

The mean duration of the stressed vowel (V1) isn88n Q1,
127 ms in Q2, and 153 ms in Q3, e.g. V1 is aboitetvas
long in Q2 than it is in Q1, but only about 20 %der in Q3
than in Q2 (F(2) = 492.42, p < 0.001). The mearatiom of
unstressed vowels (V2) is 88 ms in Q1, 83 ms in §2, 68
ms in Q3 (F(2) = 14.695, p < 0.001).

The ratio of syllable rhymes was calculated (segiféi 2).
The S1/S2 ratio is 0.7 in Q1, 1.7 in Q2, and 2.8 (F(2) =
455.29, p < 0.001). Despite the relatively highidgons these

results are similar to those found in earlier stadie.g. [1],
[11].

In Figure 3 the vowels are plotted in the spac&Dbfand
F2’. Stressed vowels are closer to the center ira@ilmore
peripheral in Q2 and Q3, but there is not muchedéfice in
V1 quality between Q2 and Q3. Especially for female
speakers, high vowels are more centralized in fback
direction and low vowels are more centralized ighkiow
direction. The difference between Q1 vs. Q2 anceg®eds 1
Bark level.
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Figure 2:The duration ratio of syllable rhymes.

Unstressed vowels show more variation in genenat, this
variation is less related with the quantity. In [6lhas been
noted that there is a tendency of unstressed /e/ @fL foot

changing into&/. It seems that the place of articulation of an

unstressed /e/ is that of the low front vowel in feet of all

qguantity degrees. In Q3 feet, the /e/ of femaleakpes is
somewhat higher than in Q1 and Q2 feet. The urssites
vowel in Q3 is usually shortest in duration, so tigher F1

can be considered as movement towards the schwa /

Differences of the mean values of unstressédand &/
formants do not exceed 1 Bark between quantity @sgre
Unfortunately there were too few observations efibwel {1/

in the unstressed syllable of Q2 and Q3 feet tdyaadhem.

In order to compare vowel quality in relation toeth
quantity of the word, formant values were normalizey
calculating the ratio of single vowel formant vaduand the
mean values of that vowel. As vowel reduction isected
toward the center of the vowel space, ratios wealeutated
for the following relationships: FFlyean for low vowels,
FlneadF1; for the high vowels, F2F2ea, for front vowels,
F2.cadF2 ratio for back vowels. Therefore, the ratio is mor
than 1 for more peripheral formant values and thas 1 for
more centralized formant values.

Formant ratios of V1 both for F1 and F2 are 0.Qihfoot
and 1.0 in Q2 and Q3 feet. The difference of Q1Q2.and
Q3 is significant for F1 ratio at F(2) = 24.440<@.001 and
for F2 ratio at F(2) = 122.24, p < 0.001. The mEarratio of
V2 is 1.0 in all cases (1.020 in Q1, 1.008 in Q@983 in
Q3), but possibly due to the higher F1 valueedfih Q3 feet
of female speakers, an ANOVA finds a significarffedence
between quantity degrees (F(2) = 3.326, p < 0.04g mean
F2 ratio of V2 is also 1.0 in all cases and theraad variation
between the quantity degrees (F(2) = 1.453, p 358).2
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Figure 3:Stressed and unstressed vowels of male and fened&esp in the space of F1 and F2". The standardhtem is
plotted with an ellipse as follows: vowels from Q1 e plotted in dot-dashed black lines, vowels fi@&feet in slashed
blue lines, and vowels from Q3 feet in solid reddin

Finally, a multinomial logistic regression modelssaeated to
describe the effect of the segment duration andfdhmant
ratios on the quantity of the foot. The output lné tmodel is

Table 2.Multinomial logistic regression analysis of the
quantity of the foot (Q3 as the reference level).

b SE. zvalue Prifz) exp(b) presented in Table 2. _

1 3 In the comparison of Q1 vs. Q3 all segment duratiane
Qlvs Q significant, but the most significant results ane effects of
Intercept 20.214 3.786  5.339 <0.001 V1 and V2 duration. The formant ratios of V1 aresoal
C1 duration -0.027 0.009 -3.053 <0.005 0.973 significant, but we have to keep in mind that theskies are
V1 duration -0.156 0.015 -10.161 <0.001 0.856 ratios, so a 0.1 unit change would give an -10%aichp
C2 duration 0042 0.014 2986 <0.005 1043 _Surpnsmgly, the F1 formar_1t ratio of V2 has a digant

i impact, even thought the differences of the mednegaare
V2 duration 0.076 0.009 8627 <0.001 1.079 minimal. The impact of V2 F2 ratio is not signifita
V1 F1 ratio -7.306 2.168 -3.370 <0.001 0.001 In the comparison of Q2 vs. Q3, the duration of £hat
V1 E2 ratio -7.370 2.709 -2.720 <0.01  0.001 significant and the effects of V1 and V2 are muchaker.
V2 F1 ratio 4628 1760 2629 <0.01 102.324 A]so, the F1 ratio of V1 is significant, even .thdrumtle mean
) difference of the ratio between Q2 and Q3 is reddyi small.
V2 F2 ratio -1427 2310 0618 0268  0.240 The F2 ratio of V1 and the formant ratios of V2 avet
Q2vs. Q3 significant.
Intercept 5.388 2.310 2.333 <0.01
C1 duration -0.004 0.005 -0.974 0.165 0.996 Table 3.The probability of the quantity predicted by the
V1 duration -0.023 0.004 -5.699 <0.001 0.977 model using the mean values.
C2 duration -0.030 0.007 -4.357 <0.001 0.971
V2 durati 0.035 0.005 6.447 <0.001 1.035 Pos Boz Bos
uration ' ' ' ' ' Q1 mean values  0.992 0.008 0.000
V1F1l ratfo -2.474 1227 -2.017 <0.05 0.084 Q2 mean values 0.002 0.760 0.238
V1 F2 ratio -0.351 1531 -0.229 0.409 0.704 Q3 mean values 0.000 0.401 0.599
V2 F1 ratio 1.329 1.054 1.261 0.104 3.776
V2 F2 ratio -0.666 1.330 -0.501 0.308 0.514

In order to evaluate the goodness of this moddd, rtiean
values of independent variables were used to pretie
quantity (see Table 3). The model seems to hankiée t



opposition of Q1 vs. Q2 and Q3 very well, but thxasition listeners.Lund University, Centre for Languages & Literature,

of Q2 and Q3 is not so clear: with the mean vahfe®2 the Dept. of Linguistics & Phonetics Working Papers 82:84.

model predicts 76% Q2 vs. 24% Q3 and with the nednes [10] Lehlspe, . (196Q). Se_gmental_ and_ syllgb_|c quarititfEstonian.

of Q3 it predicts 60% Q3 vs. 40% Q2. Amerlgan Studies in Uralic Linguistics, Xpp. 21-82),
R . Bloomington.

A I,Ot of variability in §§gment duration C,ou":,i .bedu.ced [11] Lehiste, I. (2003). Prosodic change in progressmfiguantity
by taking the phrasal posmon and .accentue.ttlordmmms |nt'o language to accent language. In Fikkert, P., JaddbgEds.)
account. As was previously mentioned, this wasdaste in Development in Prosodic Systeni@p. 47-66), Studies in
this study because it would have produced comlainatiof Generative Grammar 58. Mouton de Gruyter, Berliew\ ork.
variables to which there were no corresponding miasiens. [12] Liiv, G. (1961). Eesti keele kolme valtusastme \allde kestus
The model could be improved also by considering a ja meloodiattitibidkeel ja Kirjandus, 7-8412-424, 480-490.
characteristic of the pitch contour as a variable. [13] Lippus, P. & Pajusalu, K. (2009). Regional variatin the

perception of Estonian quantity. In Vainio, M., Auako, R.,

. Aaltonen, O. (Eds.Nordic Prosody. Proceedings of the Xth

4. Conclusions Conference, Helsinki 2008p. 151-157), Peter Lang, Frankfurt.
[14] Lippus, P., Pajusalu, K. & Allik, J. (2009). Thentd component

As has been found in previous studies, the duratforowels of Estonian quantity in native and non-native pptica. Journal

is more important for Estonian quantity oppositifwan the of Phonetics, 37388-396.

duration of syllable initial consonants. Rather ththe V1 [15] Meister, E. & Werner, S. (2009). Duration affectswel

duration by itself, it is the ratio of the segmehirations perception in Estonian and Finnishinguistica Uralica, 3

within the foot that describes the quantity degrees (XLV), 161-177.

contrastively. [16] Nolan, F. & Asu, E. L. (2009). The pairwise variitpiindex
The variation in vowel quality is related to theagtity. and coexisting rhythms in languagthonetica, 6664-77.

[17] Ross, J. & Lehiste, I. (2001Jhe temporal structure of Estonian

Vowels in stressed syllables of Q1 feet are clésehe center X -

d in stressed syllables of Q2 and Q3 feet theynaore runic songsMouton de Gruyter, Berlin. .
and Y| - . 4 [18] Traunmiiller, H. (1990). Analytical expressions fioe tonotopic
peripheral. The difference in V1 quality between @&l Q2 sensory scale). Accoust. Soc. Am. 88/—100.
and Q3 should be perceivable as it exceeds 1 Béekeatice. [19] Traunmiiller, H. & Krull, D. (2003). The effect afdal speaking
Vowels in unstressed syllables vary significantlyt the most rate on the perception of quantity in Estoni@monetica, 60,
of the variation is not connected with the quantitythe foot. 187-207.

While the space of V2 in general is more centrdlizthe [20] Viitso, T.-R. (2003). Phonology, morphology and dor
vowel /e/ has moved to the low front corner of sipace, and formation. Erelt, M. (Ed.)Estonian Language(pp. 9-92),

. . Linguistica Uralica, Supplementary Series 1. EstorAcademy
is realized asa#/. Publishers, Tallinn.
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