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Abstract

The purpose of the current study was to investigatase-final lengthening (PFL) in Esto-
nian. Three thus far unresolved questions wereeggddd: firstly, which prosodic constituents
are affected most by PFL; secondly, whether PFecidfthe short, long and overlong quan-
tity contrast irrespective of the segmental compmsi(vowel vs. consonant quantity), and
thirdly, whether progressive lengthening occur&gtonian such that the nearer a segment to
the final boundary the more it is lengthened. Wenfbthat in Estonian PFL affected the main
bearer of the quantity and additionally the finglable rhyme in the long and overlong quan-
tities. Progressive lengthening only occurred & gegments were not in adjacent final posi-
tion. The general conclusion from these resultthéd a Structure-based model explaining
PFL is the most suitable model for our data.

1. Introduction

Although phrase-final lengthening (PFL) has beeswshto occur in numerous
languages (e.g. Cambier-Langeveld, 1997 for Dutfhrk & Shattuck-
Hufnagel, 2007 for English; Krull, 1997 for EstomjdNakai et al., 2009 for Fin-
nish), its domain within the final word has scaydeten addressed. The purpose
of the current study is to address this questiarawi analysis of Estonian which,
because it has a three way quantity contrast ftir bowels and consonants, en-
abled us to study PFL in interaction with phonotadjivowel (VQ) and conso-
nant quantity (CQ). We not only investigated whposodic constituents were
influenced most by PFL and whether there is pra&yveslengthening in Esto-
nian (i.e. whether greater lengthening occurs #arer a segment is to the final
boundary), but also if PFL influenced VQ- and CQrasdifferently. We dis-
cuss our results of Estonian in terms of threesdkifit models explaining PFL, a
Structure-based, a Content-based and a Hybrid-baseel (Turk & Shattuck-
Hufnagel, 2007).

Estonian differentiates between short (Q1), lon@)(@nd overlong (Q3)
vowels and consonants respectively. The quantggndition is not the property
of single vowels and consonants, but operates@fetlel of a disyllabic foot, of
which the first syllable is stressed and the sedsndhstressed (Lehiste, 1960).
In VQ-words, the quantity distinction affects orthe vowel of the first syllable
and in CQ-words only the intervocalic consonane ($able 1 and 2 for exam-
ples). The quantity degrees differ in the duratiatio between the first and the
second syllable of the disyllabic foot (Lehiste6@R Typical ratios are 2:3 for
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Q1, 3:2 for Q2, and 2:1 for Q3 as first found byhiste (1960) and later con-
firmed by others (e.g. Krull, 1992; Asu et al., 2D0OBesides these temporal
characteristics, the three quantities of VQ-worlde differ in their peak align-
ment. While the peak of VQ3-words occurs earlyha vowel of the first sylla-
ble, the peak of VQ2- and VQ1-words is realised latthe vowel (e.g. Lehiste,
1960, 1997; Krull, 1992; Asu et al., 2009). For @Qrds no comparable peak
alignment differences were found (e.g. Lehiste,7199ull, 1992).

Previous studies showed effects of PFL for Estoméau and spontaneous
speech at both the word (Lehiste, 1981; Mihkla,80&nd the segment level
(Krull, 1997; Eek & Meister, 2003; Asu et al., 2Q008levertheless all the stud-
ies investigating PFL in Estonian only analysed WQds. Furthermore the
studies analysing the segment level of PFL maiolycentrated on the vowels
of the VQ-words, but not on the consonants (with éception of Eek & Meis-
ter, 2003). The influence of PFL on the segmengli@v Estonian for disyllabic
VQ-words of the form &/,CV, (VQ1l), GV.V.CV, (VQ2) and
C,V1V1V.CV, (VQ3) can be summarised as follows: while a leagihg of the
vowel of the final syllable (% seems to be quite stable, a lengthening of the
vowel of the first syllable (Y was found to be rather unstable across both stud-
ies and quantity degrees (Krull, 1997; Eek & MeaisRO03; Asu et al., 2009).
Asu et al. (2009) found PFL for,\and \ in all three quantity degrees for both
pitch-accented and deaccented words. By contrast, (1997) reported PFL of
Viand \, in VQ3-words only, whereas in VQ2-wordsg Was never lengthened
and in VQ1-words phrase-final lengthening of ondath vowels was found to
be speaker-dependent. Eek & Meister (2003) founthtiurence of PFL on ¥
and G in all three quantity degrees and a lengtheningdbr VQ2- and VQ3-
words, but not for VQ1-words. There was evidenaepfogressive lengthening
in the data of Eek & Meister (2003), i.e. the mbnal a segment was the more
it was lengthened.

Previous studies have used three major classesodels for explaining
PFL, namely a Structure-based, a Content-based &fydbrid view model (Turk
& Shattuck-Hufnagel, 2007). The Structure-basedvviests on the assumption
that PFL lengthens a fixed part of speech definetinguistic structure, e.g. the
final-syllable rhyme (Turk & Shattuck-Hufnagel, 2ZQ0VNightman et al., 1992).
In the Content-based view, the domain of PFL isspwhdent of the linguistic
structure (Turk & Shattuck-Hufnagel, 2007) and dejseinstead on a so-called
lengthening gesture as e.g. in thgesture framework (e.g. Byrd & Saltzman,
2003; Byrd et al., 2006). Thegesture — an abstract prosodic gesture — is an-
chored with its middle at the end of the final aple and overlaps with the seg-
mental gestures. During this overlap, the artieoihadf the segmental gestures is
slowed down and the segments are lengthened (Bald, 006). In the Hybrid
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view (Turk & Shattuck-Hufnagel, 2007), PFL operabeer a structurally fixed
domain, e.g. the rhyme of the final syllable, buthose cases where the rhyme
cannot be lengthened unlimitedly to preserve phagiohl quantity contrasts,
earlier parts of speech can also be influenced @amhangeveld, 1997 for
Dutch).

Studies investigating the domain of PFL in Ameri¢amglish have shown
that only syllable rhymes were affected (Turk & hek-Hufnagel, 2007;
Wightman et al., 1992), which could be interpratethe sense of the Structure-
based model of PFL. Whereas Turk & Shattuck-Hufhé2f207) found an effect
of PFL on both the rhymes of the final and the nsiiessed-syllable, Wightman
et al. (1992) reported an influence of PFL onlytiba rhyme of the final sylla-
ble. Turk & Shattuck-Hufnagel (2007) also foundgmessive lengthening.

Two hypotheses were tested in the current studsthffiwhether, as has been
found for American English (Turk & Shattuck-Hufn&g2007), the domain of
PFL in Estonian is the rhyme of the stressed aaditial syllable (in which case
it could be explained with the Structure-based rhadePFL); and secondly
whether there is progressive lengthening in Estorsa found for American
English (Turk & Shattuck-Hufnagel, 2007) and fotdfsan VQ-words (Eek &
Meister, 2003).

2. Method and M aterials

Nine native speakers (age range 21-31 years; 3 @mdémale) of Standard Es-
tonian participated in the experiment. The subjectse paid for their participa-
tion. The recordings were conducted by the firshauwith a high quality head-
set microphone in a recording studio in Tartu, Eisto

Table 1: Target words with vowel quantity.

VQL1 (short) VQ2 (long) VQ3 (overlong)
(words in gsgr]l.)sg. and nom (words in gen. sg.) (words in part. sg.)
/lyma/ (‘made-up word’) A:ma/ (‘flame’) /lx::ma/ (‘flame”)
/mimi/ (‘Mimi°) mi :mi/ (‘mime’) /mi::mi/ (‘mime’)
/mini/ (‘miniskirt’) /mi:ni/ (‘mine’) /mi::ni/ (‘'mine’)
Imyna/ (‘spell’) /mx:na/ (‘low tide’) /my::na/ (‘tide’)

Disyllabic target words only differing in eitherehlguantity of the vowel of the
first syllable or in the quantity of the intervocatonsonant were chosen for the
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purposes of studying the interaction between PFLaurantity (Table 1 and 2).
With the exception of one target word, all wordsevexisting Estonian lexical

items.

Table 2:

Target words with consonant quantity.

CQ1 (short)
(words in gen. sg. and nom.s

CQ2 (long)

0.) (words in gen. sg.)

CQ3 (overlong)
(words in part. sg. and ill

sg.)

/hala/ (‘moaning’) /malla/ (‘frost’) /hal:la/ (frost’)

/heeli/ (‘Hali") /heelli/ (‘cradle’) /heeli/ (‘cradle’)

Nlina/ (‘linen’) Nlinna/ (‘city’) /lin :na/ (‘city’)

/nime/ (‘name’) /nimme/ (‘loin’, only nom. sg.] Mmime/ (‘loin’, only ill.
sg.)

The target words were embedded in carrier phrassigmed to elicit a falling
H*+L pitch accent on the target word and with theget word in narrow focus
position (Table 3). There were two different cargentences: in one of the two
sentences, the target word was in absolute senferagosition (final context)
and in the other, there were two unstressed sghafallowing the target word
(non-final context). Because of differences in grammatical category of the
target words, the carrier sentences for the ovgrtprantity degree differed from
those for the short and long quantity degree. Alae to grammatical differ-
ences, another carrier sentence had to be us¢befdarget worchimmein the
overlong quantity degree.

Table 3: Carrier sentences.
Quantity degree Final context Non-final context
Short/Long Sa leidsid : Sa leidsid gi ju.
(“You found ) (“You found , 100.")
Overlong Sa néagid . Sa négid giju.
("You saw ") ("You saw , 100.")

The SpeechRecordeecording software (Draxler & Jansch, 2004) wasduer

the recordings. The carrier sentences were pras@#eanswers to questions.
The software prompted first the question and tiencbrresponding answer on
the screen of a notebook computer. Only the casestences were recorded.

! salsikad nimme(‘You - cut - into the loin.’) -Sa I6ikad nimmegi ju‘You — cut - into

the loin, t0o0.”)
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Not every subject read all of the target words.HE&rget word was recorded
once in the final context and once in the non-fowitext.

The recorded sentences were automatically segmentiedhe help of the
Munich Automatic Segmentation System MAUS (Schi8R9) and the segmen-
tation was corrected manually. The utterances wengrolled for the pitch ac-
cent via an auditory and a visual analysis. Onbséhutterances realised with a
falling H*+L pitch accent were used for the anatyshfter excluding those ut-
terances produced with an H+L* pitch accent or wehding errors, a total of
103 (58%) utterances of vowel quantity and 99 (51t¥#grances of consonant
quantity remained for the analysis.

To determine whether PFL had an effect on segmanatidon the percentage
lengthening of each segment of all phrase-finaldsqiPFl.J was calculated
separately for each segment and quantity degree fro

PFLyerc= 100[(Durfnean- DUrNFRyean / DurFneal

whereDurFcanis the mean duration of the appropriate segmeitlgihrase-
final words, (e.g. Y of all final VQ3-words) andurNF,..,the mean duration
of the appropriate segment of all non-final wordsnilliseconds.

All analyses were carried out with the help of Bhgoftware combined with
the EMU/R-package (Harrington, 2010). For the statl analysis, mixed mod-
els in R were used. Significance values were obthivia a comparison of a
mixed model with and without the appropriate indegent factor.

3. Reaults

Two hypotheses were tested: firstly, whether PFEstonian only affects sylla-
ble rhymes, and secondly, whether there is proiyessngthening in Estonian.

PFL occurred in both VQ- and CQ-words at the word the segment level.
Almost all segments were lengthened in the finaltext, but to a different de-
gree (Figures 1, 2 and 3).

Mixed models with segment duration as the dependamable, with inde-
pendent factor Finality (two levels: final vs. nbnal) and with the Speaker and
Target Word as random factors were used to determmose segments which
were lengthened significantly separately for easgnsent and for each quantity
degree (Tables 4 and 5). We also tested whethee tlesults were influenced by
including or excluding the random factor Word.
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Figure 1:  Segment durations of VQ- and CQ-wordsnal (unshaded) and non-final
(shaded) position for the three quantities.
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Figure 2:  Segment durations of final (unshaded) aod-final (shaded) VQ-words sepa-
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Table 4: The influence of Finality on the segmemtition of VQ-words (Significant val-
ues of the random factor Word are in italics).
Segment VQ1 VQ2 VQ3
C non-significant non-significant non-significant
Vq y[1]=7.9, p<0.01 v [1]=11.7, p<0.001 v [1]=16.5, p<0.001
C x [1]=5.4, p<0.05 non-significant non-significant
x [1]=11.5, p<0.001 7 [1]=8.8, p<0.01 x [1]=14.7, p<0.001
Vo non-significant v [1]=26.4, p<0.001 v [1]=18.5, p<0.001
Word non-significant x [1]=25.9, p<0.001 x [1]=18.8, p<0.001

The significantly lengthened segments (Tables 49naere influenced differ-
ently by PFL (Figure 2 and 3) depending on the ttyadegree (Q1 vs. Q2 vs.
Q3) and the quantity type (VQ- vs. CQ-words). Inhb¥Q1- and CQ1l-words,
V,; and G were lengthened, whereas in VQ2- and VQ3-wordand \b were
affected by PFL. CQ2- and CQ3-words showed a lemgtiy of G and \band,
in the case of CQ3-words, also a lengthening,of C
Progressive lengthening was only found for VQ2-,3v@nd CQ1-words.
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Figure 3:  Segment durations of final (unshaded) aod-final (shaded) CQ-words sepa-

rately for the three quantities (CQ1, CQ2 and CQ3).
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Table 5: The influence of Finality on the segmemtidion of CQ-words (Significant val-
ues of the random factor Word are in italics).
Segment CQ1l CQ2 CQ3
C non-significant non-significant y [1]=11.1 p<0.001
x [1]=19.0, p<0.001 x [1]=27.3, p<0.001
Vi x [1]=4.7, p<0.05 non-significant non-significant
x [1]=6.5, p<0.05 x [1]=11.1, p<0.001 x [1]=4.1, p<0.05
C x [1]=7.3, p<0.01 x [1]=10.3, p<0.01 x [1]=31.9, p<0.001
x [1]=3.5, p<0.1
Vo non-significant ¥ [1]=13.1, p<0.001 v [1]=19.2, p<0.001
x [1]=4.3, p<0.05
Word ¥ [1]=6.1 p<0.05 v [1]=17.2, p<0.001 ¥ [1]=34.6, p<0.001
x [1]=4.0, p<0.05
4. Discussion

The current study investigated the influence of RPRLEstonian VQ- and CQ-
words. It was found that PFL affected ahd G significantly in VQ1- and CQ1-
words; in VQ2- and VQ3-words, PFL affected ®nd \5;, and in CQ2- and
CQ3-words, PFL affected,@nd \4. Progressive lengthening occurred in VQ2-,
VQ3- and CQ1-words.

The results from our study differ from previousules regarding PFL in Es-
tonian. While PFL was found for,\h Krull (1997), Eek & Meister (2003) and
Asu et al. (2009), we found,Mengthening only for the long and overlong quan-
tities in our data. Nevertheless our study confantiee results of Asu et al.
(2009) who found an influence of PFL on Mdependently of the quantity de-
gree, while in Krull (1997) and Eek & Meister (2003, was not lengthened in
every quantity degree.

An interpretation of PFL in terms of Byrd et al(8006) n-gesture frame-
work does not seem very plausible as a generabeapbn for Estonian. Ac-
cording to Byrd et al. (2006), the middle of thayesture should be anchored
with the phrase-boundary and all segments ovemgppvith the n-gesture
should be lengthened. As a result, PFL in Estostarts with a certain segment
of the word — that is somewhere during thgesture — and extends until the end
of the word, i.e. subsequent segments are lengihé&tevertheless in Estonian
PFL skips some segments, e.g. in VQ2- and VQ3-wordg V, and V; were
lengthened, but not the consonant between thens 3kipping of segments
cannot be explained with thegesture.

The Hybrid view can explain our results for thedoend overlong quanti-
ties, but not for the short quantity. In the hybvidw, lengthening should apply
to the rhyme of the final syllable and possibly reve earlier segments (Cam-



The domain of phrase-final lengthening in Estonian 9

bier-Langeveld, 1997) in cases where rhyme lengtigeis constrained. In Es-
tonian, the lengthening of the rhyme of the findlable is limited for the reason
that Estonian quantities differ in the durationaaif the first and the second
syllable. If only one of these syllables, e.g.final one, is lengthened, the quan-
tity characteristic ratios can be destroyed. Ogults showed that in the long
and overlong quantities indeed not only the rhyrheéhe final syllable was
lengthened, but also parts of the first syllablee Werefore confirmed the re-
sults of Cambier-Langeveld (1997) that in casea t#ngthening constraint of
the final syllable earlier parts of speech can alsdengthened. Nevertheless the
Hybrid view cannot explain our result for the shquantities in which the
rhyme of the final syllable was not lengthenedliat a

Our results of PFL in Estonian are most compatita the Structure-based
view. Nevertheless, the results cannot be explaméerms of the rhymes of the
first and the final syllable alone. This is for tweasons. Firstly, in the short
guantities, the rhyme of the first syllable was leoigthened at all. Secondly, in
case of CQ2- and CQ3-words, we cannot demonstnateonly the rhyme and
not also the coda consonant of the first syllab$s \affected by PFL, because
the syllable boundary lies within the intervocajeminate. However, we found
a more suitable linguistic structure which was et by PFL in all quantities:
the main bearer of the quantity contrast, i.e.ivVQ-words and €in CQ-
words. Additionally other linguistic structures weaffected depending on the
quantity degree. In the long and overlong quastitiee rhyme of the final syl-
lable was also influenced by PFL. It remains uncigay in the short quantities
PFL did not affect the rhyme of the final syllabeit instead €in VQ1-words
and V; in CQ1-words.

Progressive lengthening only occurred in VQ2-, V@8d CQl-words.
These results are in line with previous resultsv@rwords by Eek & Meister
(2003) for Estonian and with the results of TurlSRattuck-Hufnagel (2007) for
American English. We did not find progressive Idmgting in all quantity de-
grees and types: progressive lengthening only oeduf the lengthened seg-
ments were not in adjacent final position as thas the case for CQ2- and CQ3-
words. However, this cannot explain the lack ofgpessive lengthening in
VQ1-words, where the lengthened segments werennadjacent final position,
but nevertheless there was no progressive lengtbeni
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