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Abstract

H pedétn avt eivon mepapotikn Kot Siepevvd av to /S/ apopoltdveTat TavTa og TPog TNV
mmeoé™To 6tav t0 akolovbel onv apy g emOMevNg AEENG MMPOS KAEIGTOG M
avimTikog e86yyoc. Ta amotehéopata deiyvoov ot 1 dwdikasio nynpomoinong tov /s/
givon Padpuaio kot oy katnyopakn. Aniadn, kémowa deiypata tov /S/ nympomoovvial,
KOTOW0. TAPAPEVOVV dnyd, VO KATowo Tpita, LTOKEWTHL o PeEPKN nynpomoinon. Ta
dedopéva £3e1£aV GLGYETIOUO UETAED TOV UEPIKMG NYNPOTOMUEVOV POOYYOV Kol TNG
KOTNYOpiog TOL GLUEAOVOL TTOV T AKOAOLOEL: Ppédnke HeYaADTEPO TOCOOGTO UEPIKMOC
nynpomompévav ehdyyev v to /s/ tpv amd avinymrikd e06yyo mapd mpwv and nympo
KAe1o16. H gpapuoyn g nymponoinong tov /s/ dev 1oV opotdpopen Tapd 10 yeyovog
o0TL Oha Ta dsiypata Ppickoviav 6to 1010 emtovikd mepifairov. Tétotov idovg vpiuata
CLVETAYOVTOL TPOTOV, OTL, OO TAL PAIVOUEVO APOUOIMONC, TOVAAYIGTOV 1) NYNPOTOINoN
Tov /S/ dev givar a&10MOTO KPUITNPLO Yol TNV TEKUNPimon Yapéng TPocwdk®V opimv
Ko, O0€vTEPOV, OTL YPeldlETOl TPOGEKTIKY] TOGOTIKN OEPEVVIOT] TOV  QUIVOUEVEOV
agopoimong mpwv Bempnboiv aElOMoTO KPITNPLO Yt TNV TEKUNPIMON TPOCMOLNKNG
dopg.

1. Introduction

Greek phonology is rich in assimilation phenomeitsg known as sandhi, among which
are vowel deletion, vowel degemination, /n/-deltids/-voicing, stop voicing and
consonant degemination. The process of /s/-voicisg-tdrning to [z] when followed by
a voiced consonant—is quite common in Greek bottdwdernally and across words. In
this paper | examine only cases of s-voicing acesgord boundary, as is shown in
example (1), where the two segments, the /s/ aedvthiced consonant, belong to
different words.

(1) oilios labi > [oi ozlabi] ‘the sun is shining’

Cross linguistically, sandhi, in addition to théammation it gives on the structure
of the segmental phonological system, can alsodedéulifor the detection of prosodic
constituents and boundaries. There is the clainthen literature that some types of
boundaries block coarticulation and therefore thistence of such boundaries can in
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principle be detected by the influence it exherissegments (Nespor and Vogel 1986;
Selkirk 1978, 1981; Hayes and Lahiri 1991; Jun 3993

On the other hand, a number of studies have shdvat ho sweeping
generalizations can be made about the relationdetyrosodic structure and segmental
effects. Instead this relation needs to be examimédnly on a language specific basis,
but also, within a single language, on a case B¢ tasis. In particular, several studies
have shown that, in English and other languagesiessandhi rules have categorical
outputs, while others involve gradient, rather tibategorical, changes ( Holst and Nolan
1995; Jun 1995; Zsiga 1995, 1997; Smith 1997; Bid Hardcastle 1999).

For Greek, among the older phonological descrigti@andhi phenomena have
been characterized as categorical rules, in otleeds\yprocesses that always apply phrase
internally (Kaisse 1985; Nespor and Vogel 1986; @wavdi 1990; Malikouti-Drachman
& Drachman 1992). In addition, these studies cldiat strong prosodic boundaries block
such assimilations. However, there is no agreeraeming these studies on how strong
the intervening boundary has to be to block the agplication. There have been claims
for a clitic group phrase (Nespor and Vogel 1986minimal phrase (Condoravdi 1990)
and an Intonational phrase (Nespor and Vogel 1986jthermore, these studies rely
exclusively on impressionistic descriptions of Veieing and other sandhi rules to
provide evidence for the existence of prosodic giha In fact, the only evidence for
some phrasal constituents in prosodic phonologyditire comes from sandhi. Such
arguments are circular, as has already been pomteth Tserdanelis (2005), since the
only explanation for the application of sandhi e teffect of boundaries on segments
and, on the other hand, the only evidence for sfammdaries comes from sandhi. To
avoid circularity, it is necessary to give indepenidevidence for these phenomena. This
independent evidence comes from recent acoustiysasaof various sandhi processes
whose results disagree with the previous phonoddglescriptions. Let us now turn to
these acoustic studies.

Several newer studies of Greek sandhi investigaeteekact phonetic nature of these
processes (Fallon 1994; Pelekanou and Arvaniti 200%¥aniti & Baltazani 2002;
Tserdanelis 2005; Baltazani 2006). They look irgpthe various factors that influence
the realization of these processes, (b) the exhohgtic outcome of sandhi and (c)
whether it results in categorical sound alternationin more continuous types of sound
variation. These acoustic studies have revealednhay of these rules involve gradient
changes.

The earliest such study, Fallon (1994), workingwgpontaneous speech, showed that
vowel degemination is gradient and can apply across phresgardless the boundary
strength. Pelekanou and Arvaniti (2001), workingstty with spontaneous speech,
found gradient phonetic output of several sandlgsra-particularly so of /s/-voicing and
vowel-deletion—which applied across any level obgudic constituents. Arvaniti &
Baltazani (2002) report that, in their corpus, salvéypes of sandhi apply across larger
constituents than has previously been suggested, sdndhi does not appear to be
obligatory at any level, and that at least somé¢hefrules involve gradient, rather than
categorical, changes. Tserdanelis (2005) found isedes of carefully controlled
experiments that some of the sandhi processesdriead have gradient output, while
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others do not. He examined vowel degemination, @meust degemination, and affricate
formation and found that the output of consonamfedgnation and affricate formation
was gradient. Baltazani (2006), examining labosagpeech, found gradient outputs of
hiatus resolution across words. The outputs ramyed a continuum between complete
deletion and total lack of assimilation. The majorof outputs were found to be
somewhere between the two extremes, that is, ngegdithe two vowels in the center of
the vowel spaceMany of the above acoustic studies accounted fer ghadient
assimilation they found within the theory of Artiatory Phonology (Browman and
Goldstein 1986, 1989, 1992). That is, they formauldte hypothesis that the varying
degrees of assimilation found in their data areréiselt of varying degrees of overlap of
the articulatory gestures for the two segmentsluach

One important implication of these results is thetdhi is not a reliable criterion for
detecting prosodic boundaries since its outconggadient. Such results also suggest the
necessity for empirically re-examining the phonadaydescriptions of Greek sandhi in
particular, and of the reliability of sandhi astaasing marker in general.

In this paper | re-examine /s/-voicing. PelekanolA&aniti (2001) report that the
output of this rule is gradient, while Tserdan€¢B805) reports it is categorical. The goal
of the present study is to dispel this contradittio

1.1 Previous acoustic studies of /s/-voicing in Greek

The reason for re-examining the process of /s.mQics that the results reported in the
acoustic studies of /s/-voicing are contradictdmyparticular, in their paper, Pelekanou &
Arvaniti (2001) examined a variety of sandhi pheeam using both spontaneous speech
material and read texts from 9 speakers. Their mahteontained only 9 /s/+sonorant
tokens across both a prosodic word an ip boundary= (intermediate phrase in the
GRToBI model of Greek prosody). They report theynfd among them fully voiced
([z]), partially voiced, and voiceless ([s]) outpuOn the other hand, different results are
reported in Tserdanelis (2005). In his experimartich used controlled lab material, 2
speakers produced 24 /s/+voiced consonant tokesesddnelis reports only fully voiced
([z]) outputs. There were differences in the malsrbetween the two studies: Pelekanou
& Arvaniti examined sandhi across both a prosodiordvan ip boundary while
Tserdanelis examined sandhi only across a phragedaoy and this difference might
partly explain the contradictory results.

In the present study | concentrate only on phraganal occurrences of the segments
and use only lab material. In the remainder of plaper | present the experiment in
section 2, discuss the results in section 3 andlada with section 4.

2. The experiment

2.1 Method

The present study extends the results of previtudies by examining the behaviour of
/sl-voicing in more segmental environments, usindparger corpus. In particular, 5
speakers were recorded reading 3 repetitions ofsébtences each. No special
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instructions were given to the participants. Thegrevall asked to read the sentences
naturally. The resulting corpus contains 225 [&gtts. The matrix sentence (1)

(2) ooros___ silavizete efkola
the term  be-syllabified-3s easily
‘The term ___is easily syllabified’

generated all experimental sentences by filling gag with words starting with the

voiced obstruents, [b, d, g] or the sonorants [lfatlowing the [s] at the end of the word

‘oros. To my knowledge, the effect of voiced stops shvbicing has not been examined
before.

The sibilants were marked by relying on both wake® and spectrograms, in
accordance with criteria specified in Tserdane®806): The beginning of the sibilant
was marked at the point where the higher formahteeopreceding vowel ended and the
sibilant noise of began. To decide on voicing legtlon the voice bar in the spectrogram
and also periodicity in the waveform superimposadhte noise. The duration of all /s/
tokens was also measured in order to detect arfgreliices between tokens with
differences in voicing. For partially voiced tokerke voiced and voiceless part was
measured separately.

The intonational structure of the utterances preduwas examined to ascertain
that speakers did not produce a phrase boundaxyebetthe /s/ and the preceding
consonant. The criteria used to analyze the intonalt structure of the experimental
sentences follow the guidelines set in the GRToBteh of Greek intonation (Arvaniti &
Baltazani 2005). The resulting analysis showed #iathe tokens were successfully
produced in phrase internal positions. This me&as if /s/-voicing is categorical we
expect to find voiced outputs, since there are sundaries to block the rule application.
If, on the other hand, voiceless outputs or pdytiabiced ones are found, even though
there are no boundaries present, this will sugipese are additional factors that regulate
voicing—not only phrase boundaries. In that case,are not justified in connecting
absence of /s/-voicing necessarily with the preseficome prosodic boundary.

2.2 Results

The results showed variability in the production/ef More concretely, some of the
produced tokens were voiced throughout their domatsome were completely voiceless,
and there was a considerable number of tokenspaittial voicing. Figures 1-3 illustrate
the three different types of output—fully voicedynapletely voiceless, and partially
voiced, respectively.

Figure 1 shows a fully voiced [s], followed by thaiced obstruent [g] in (2):

(2) o oros grizos silavizete efkola

the term gray  be-syllabified easily
‘The term ‘gray’ is easily syllabified’
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=egmenls [ o ] ¥ 1] ][ Z ] [ 1] i u [ r ] [ i ]

He ] i.r l“l_‘l‘l_'lnx PRI i WWWWWMHH l'lrl ,..J',.J' .-.jnl _JFI Lol

- - - |_
e pefiodicity,. Wﬁ
2000 w : -

s Ll & _—| Voice bar
, ‘/ q
I W!v | ﬂm el -mm

:
E

Figure 1. A fully voiced /s/.

The figure shows part of the utterance, contairtimg wordoros and the first
syllable of the wordyrizos. Notice the robust voice bar throughout the duratbrihe
frication noise. Voicing is also evident in the ipédicity superimposed on the noise in the
waveform. The sibilant is transcribed [z] in thbdéng tier above the waveform.

Figure 2 shows a voiceless /s/ followed by the samdm] in (3):

ey [ o J[r] [ o 1] [ s 1 - [ m 1]
o A AR A AR A AN ARSI
500 v\

T H t Il'. : : L ! [ 1 1
m | T aFEAAY
i kb bk aag Bliiddds et sk L L i s b ks kb o s e

Figure 2. A completely voiceless /s/.
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zegmenls] [I]] [I"] [ 0 [ Z ] [ 5 ] [

‘H*HHF | {,u
fp.,,”j”i! NEY N

Figure 3. A partially voiced /s/.

(3) o oros marka silavizete efkola
the term brand be-syllabified easily
‘The term ‘brand’ is easily syllabified’

The figure shows part of the first vowel and thst layllable of the woraros
followed by the first syllable of the womdarka. In this token there is no voice bar at all
during the frication noise and no periodicity oe tioise in the waveform. The sibilant is
transcribed [s] in the labeling tier above the waum.

Figure 3 shows a partially voiced /s/ followed hg sonorant [m] in (4)

(4) o oros drili silavizete efkola
the term cloth be-syllabified easily
‘The term ‘cloth’ is easily syllabified’

The figure shows the wormtos and the first syllable of the wordlili. Notice that
in this token the sibilant starts with a period wficing which lasts 20 ms. This is
followed by a period of voicelessness which lastsn®s. Almost all tokens of partial
voicing show the same structure: the first pasaged and also shorter in duration than
the second, voiceless part. The sibilant is trabedr[z] in the first part and [s] in the
second.
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2.2.1 Distribution of tokens

The results show that across all segmental enviemtsnand across all five speakers,
49% of the output tokens were fully voiced, 16% ptately voiceless, and 35% partially
voiced.

per centage of outputs across speakers
100

80

60 49 Bvoiced
B vless

35
40 O partia
20 16 -
. [ ]
1

Figure 4: Distributions of voiced, voiceless andtipély voiced tokens of /s/ across
speakers.

More detailed examination of the data revealedeadimot observed before for
Greek to my knowledge. The phonetic quality of segment following /s/ is important
for the output of /s/-voicing. Specifically, for/4soiced stop sequences, 70% of the
tokens were fully voiced, 8% completely voiceleasd 23% partially voiced. For
/sl+sonorant sequences, only 19% were fully voi28&p were completely voiceless, and

per centage of outputs acr oss segments
80 69
70
60 53
50 O voiced
40 29 B yvless
30 23 19 O partia
20 8
10

0 N
/s/+obstr /s/+sonor

Figure 5: Output distribution before obstruents batbre sonorants.
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53% were partially voiced. So there is a much higgaedency to produce a voiceless
sibilant or a partially voiced one before a sonbthian before a voiced stop. Also the
percentage of voiced /s/ tokens is drastically cedibefore a sonorant.

2.2.2 Cross-speaker variability

There is variability in the amount of voicing acsagpeakers, as well. Some speakers, like
speaker 2 and speaker 3 tend to produce very feensoof voiceless sibilants. This
might explain the results reported in the Tserdan@005) study. The speakers in his
study might belong in the same category like speaReand 3 in the present experiment,
producing few voiceless outputs. Speaker 5 prodackxd of partially voiced segments
and the same amount of completely voiced or corelyleiceless ones. For speakers 1
and 4 about half the segments were voiced but thlsi® was a substantial amount of
voiceless and partially voiced segments. It sedmas different speakers have different
assimilation habits. This shows another aspectaohbility in the application of the /s/-
voicing process.

70

60

50 M

40 7—| || _7 o voiced

| viess

30 +— | -

O partial

20 +— | -

10 -

spl sp 2 sp3 sp 4 sp5

Figure 6: Output distributions by speaker

2.2.3 Duration

The duration of the output of all tokens of /s/elpog was measured so that any
differences of duration between the different stadé voicing would be detected. In
general, the results show that there is an asymgnretduration, depending on voicing:
voiceless outputs have longer duration than vom®es, across speakers and segmental
environment.

Figure 7 shows the duration of all three voicitgtes, voiced, voiceless, and
partially voiced outputs of the sandhi process. Fdlees shown in the columns represent
averages across speakers. Each triad of colummgsstharations of /s/ outputs before a
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different segment. Across all segments that follbVig in this experiment, the voiceless
tokens had consistently the longest duration. Mofit particular that the duration
difference between the voiceless outputs, on omel,hand the voiced and partially
voiced outputs, on the other, is the greatest wiséns followed by a homorganic
segment to /s/, that is, /d/ or /I/.

/s/ duration acr oss speaker s and segmental
environment
100
80 B voiced
601 Bvless
40 .
20 . O partia
0- :
b d g I m
segment following /¢/

Figure 7: Duration of outputs of /s/-voicing

3. Discussion

The existence of partially voiced outputs sugg#sas /s/-voicing involves gradient, not
categorical changes and the existence of complet@beless outputs suggests that /s/-
voicing is optional, confirming Pelekanou and Aritaf2001).

Various sandhi processes whose output is gratierg been accounted for using
the theory of Articulatory Phonology (Browman andl@stein 1986, 1989, 1992). The
hypothesis is that there is variability in overlaparticulatory gestures for neighboring
segments, so that less or more gestural overlalategs with more or less acoustic
assimilation. It has been claimed that more tinbewa articulators to reach their target
positions, but when time is compressed articuladiarsiot have time to reach the target
and only reach intermediate positions approximatirggtarget. As a result, gestures are
compressed by overlapping with each other more,isharticulators do not reach their
target, and each gesture lasts a shorter timekdea and Arvaniti’'s (2001) account of
the /s/ voicing sandhi in Greek also explains ghi@cess as the result of gestural overlap.
Gradient assimilation in voicing is described asalde reduction in the amplitude of the
opening gesture of the glottis, which is respomsiiolr the voicelessness, in Jun 1995,
who examined the lenis stop in Korean. Absence ssinalation, in other words, is
related to an opening gesture of the glottis wiiak big amplitude. Furthermore, voicing
is correlated in Jun (1995) with duration: voicedputs correlate with shorter duration of
the segment. This is what the duration resultsgmtesl in section 2.2.3 showed for the
Greek data: voiceless outputs were longer thanedoanes, across all speakers and all
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segments. Although the results of this study cocddtainly accommodate such an
explanation, it should be borne in mind that théswan acoustic study, not an articulatory
one, and no hard evidence can be provided for @inag an explanation within
Articulatory Phonology.

Several other factors have been shown to influeheeamount of /s/-voicing. e
differences in /s/ duration found in section 2.2&ied depending on the segment
following /s/: when homorganic segments follow tls¢re is more assimilation and /s/
before homorganic segments is shorter in duratizen twhen it is found before
heterorganic ones. We can hypothesize that moréurgésoverlap is allowed for
homorganic segments than for heterorganic onekoAgh we cannot argue for a causal
link between the assimilation results and the domatesults, there is strong positive
correlation between segmental duration and theegegf assimilation. Furthermore, the
results presented in section 2.2.2 revealed a tnehdbserved before, to my knowledge,
that there is a much bigger tendency to produceiceless sibilant or a partially voiced
one before a sonorant than before a voiced stop.

The implication of such findings for the relatioatltyeen segmental and prosodic
phenomena is that at least /s/-voicing is a natlkd criterion for establishing the
existence of prosodic boundaries. If /s/ voicingslaot always apply we cannot use it as
evidence for phrasing.

What is still lacking in the research literatuseinformation about the acoustic
and articulatory characteristics of segments ppgtog in sandhi processes. There is a
need for careful investigation of the various sandies, most of which have not yet
been examined in the laboratory. In this way we aitive at a better understanding of
how such rules function within the phonologicalteys of Greek. Moreover, in this way
we can determine how reliable sandhi rules areitesia for prosodic phrasing.

4. Conclusion

In summary, this paper has shown that the prodels¢-@oicing in Greek is gradient, not
categorical. Moreover, the degree of assimilatiebeen /s/ and a following voiced
obstruent or sonorant has a negative correlatinnoesmore assimilated segments are
shorter. Finally, the degree of assimilation iseeféd by the nature of the segment
following /s/: there is more assimilation beforentarganic segments and also there is
more assimilation before voiced obstruents thaoreefonorants.

These results unequivocally demonstrate the neechfeful acoustic investigation of the
various sandhi rules. First of all, such invesimatwill help us understand better how
such rules function within the phonological systei Greek, which of them are
categorical and which of them are gradient and \@8®gcondly, discovering whether such
rules are gradient or categorical will also deteemihow reliable they are as criteria for
prosodic phrasing. Finding reliable segmental cims the presence of prosodic
boundaries is a valuable resource for intonatiphahology.

References

Arvaniti, Amalia and Mary Baltazani (2005). Intoiwatal analysis and prosodic annotation of Greek

Proceedings of the 7" International Conference on Greek Linguistics



On /s/-voicing in Greek 11
spoken corpora. In: Sun-Ah Jun (edP)osodic Typology: The Phonology of Intonation and Phrasing.
Oxford: Oxford University Press.

Baltazani, Mary (2006). Focusing, prosodic phrgsand Hiatus resolution in Greek.llaboratory
Phonology 8, Luis Goldstein, Douglas Whalen, Catherine Bess (jed/outon de Gruyter, Berlin, 473-494.

Browman, Catherine P. and Louis M. Goldstein (198@wards an articulatory phonolodgshonology
Yearbook 3: 219-252.

Browman, Catherine P. and Louis M. Goldstein (198®jiculatory gestures as phonological units.
Phonology 6: 201-251.

Browman, Catherine P. and Louis M. Goldstein (199&2jiculatory phonology: An overviewrhonetica
49: 55-180.

Condoravdi, Cleo(1990). Sandhi rules of Greekmododic theory. In: Sharon Inkelas and Draga Zec
(eds.),The Phonol ogy-Syntax Connection. University of Chicago Press.

Ellis, Lucy and William J. Hardcastle (1999) An ERtady of alveolar to velar coarticulation in fast
and careful speech: some preliminary observationartemis Alexiadou, Nanna fuhrkop, Ursula
Kleinhenz & Paul Law (EdsZJAS Papersin Linguistics 11, 105-120.

Fallon, Paul (1994). Naturally occurring hiatusModern Greek. In: Irene Philippaki-Warburton,
Katerina Nicolaidis and Maria Sifianou (edShemesin Greek Linguistics, 217-224. London: John
Benjamins Publishing Co.

Hayes, Bruce, and Aditi Lahiri. (1991). Bengalianational phonology. Natural Language and Lingaisti
Theory 9:47-96.

Holst, T. and Nolan, F. (1995). The influence dfitagtic structure on [s] teh] assimilation. In. Papers in
Laboratory Phonology IV. Cornell, B. and Arvanii, Editors. Cambridge University Press.

Jun, Sun-Ah (1993). The phonetics and phonologgargan prosody. Ph.D. dissertation, Ohio State
University.

Jun, Sun-Ah (1995). Asymmetrical prosodic effeatdtte laryngeal gesture in Korean. In: B. Connell
and Amalia Arvaniti (eds.}Phonology and phonetic evidence: Papersin Laboratory Phonology 1V.
Cambridge: Cambridge University Press, 235-253.

Kaisse, E. (1985). Connected speech. San Diegaleiwi Press, Inc.

Malikouti-Drachman, Angeliki and Gaberell Drachmé1992). Greek clitics and lexical phonology, in W.
U. Dressler, H. C. Luschutzky, O. E. Pfeiffer, JRRnnison (edsphonologica 1988, pp. 197-206,
Cambridge, Cambridge University Press.

Nespor, Marina and Irene Vogel (198Bjosodic Phonology. Dordrecht: Foris.

Pelekanou, Theodora and Amalia Arvaniti (2001).tHascal rules and gestural overlap in a Greek
spoken corpus. IrProceedings of the 5th International Conference on Greek Linguistics.

Selkirk, Elizabeth (1978). On prosodic structurd #a relation to syntactic structure. Unpulishéd®

Proceedings of the 7" International Conference on Greek Linguistics



On /s/-voicing in Greek 12

Selkirk, Elizabeth, 19810n prosodic structure and its relation to syntactic structure. In Nordic
Prosody II: Papers from a Symposium., T. Frethadch)( Trondheim: Tapir.

Smith, C. (1997). The devoicing of /z/ in Ameridanglish: effects of local and prosodic context.rdail
of Phonetics. 25, 471-500.

Tserdanelis, George, (2009he role of segmental sandhi in the parsing of speech: Evidence from Greek.
PhD dissertation, OSU.

Zsiga, E. (1995). An acoustic and electropalatdgiaptudy of lexical and postlexical palatalizatian
American English. In. Papers in Laboratory Phonplg Cornell, B. and Arvaniti, A. Editors. Cambgd
University Press.

Zsiga, E. 1997. Features, gestures, and Igbo vasgihilation: An approach to the phonology/phorsetic
mapping.Language 73. 227-274.

Proceedings of the 7" International Conference on Greek Linguistics



