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ABSTRACT

The studyanalyzesthe phoneticrealizations ofthe three
Polish geminateaffricates fsts/, /tete/ and tftf/; the first

two are morphologically derived, the third geminate is
lexical. The studyshows that allthe phonologically
geminate affricates arephonetically nanifested variably:

sometimes byearticulation ofthe affricate, sometimes by
lengthening the duratioof the stopclosurecomponent [4],
and, attimes, even bythe lengthening theluration of the
fricative component.

1 INTRODUCTION

As a preliminary, it is necessary tonote that the
phonological termdoubly articulated geminate isused to
denote ageminate in which theaffricate is rearticulated
phonetically; the term singlgrticulatedgeminate isused to
denote asituation where either thestop or thefricative
component of armffricate issignificantly longer induration
than that of asingleton. Phonologically, theuration of
either a doublyarticulatedgeminate ora singly articulated
geminate contrasts with the duration of a singleton.

In the production ofthe phonologicallygeminateaffricates
tete/ and d3d3z/ Thurgood (2001jound two patternsThey

were sometimes phoneticallymanifested as asingly
articulatedgeminateand sometimes as doubly articulated
sequence. Of 27speakers, 63%showed a two-way
distinction between {¢] as the singletorand either f:¢] or

[tete] as the geminate, while 37%howed athree-way
phonetic distinctionbetween f{g], [ti¢], and [e¢t¢]. The
voiced geminate d3d3/ showedthe reversepattern. Only

37% of thespeakergproduced asingly articulated gerimate
[d:3], while 59% produced adoubly articulated §3d3]

sequence (with orgpeaker doingomethingquite different).
The singly articulated geminates tf¢] and H:3] were

characterized by #onger closure duration than singletons
[t¢] and [d3]; length was notmanifested inthe fricative

duration.

This study goesbeyondthe earlier study in a number of
ways. First, the earlier study was arepetition task.This

study is a productiortask involving reading: the data it
produced differ from the earlier repetition task in a number of
ways. Second, we expandte geminatestudied to include

all three ofthe Polishvoiceless geminateffricates: {ftf/,

Itsts/) and tete/. Third, in this task, wefound differences
between the lexical geminatgtf/ and thederived gerimates
tsts/) and tete/. Fourth, unlike inthe repetitiontask,
length was sometimesmanifested in the fricative
component.

Two additional questions emerged that are of special interest:

(1) Are the durationalvalues of geminataffricates siniar
for different places of articulation?

(2) What sort of variation existsboth within individual
speakers and across speakers?

2 DATA AND METHODS

The contrasting singleton and geminate setdisted in the
disyllabic words in Table 1.

WORD GLOSS
[gretsi/ 'the Greeks'
[gretstsi/ | 'Greek'
(adjective)
leteel 'summer'
(locative case)
Neteteel | 'fly'
(imperative)
lutfe/ ‘teach’
(first person)
lut(tfe/ ‘celebrate’
(first person, future)

Table 1: Target words for short and long affricates

Each word occurred in twdifferent sets ofsentences. In the
first set, the targetvords were inthe carrier phrasePowiedz

teraz ‘Say now'’. In this setthere were 28
sentences:six sentenceswith the target words and 22
sentences with non-target words. In the second setathet
words occurred in the following sentencespresented in
random order.

1. W lecie jestluzowarzyw. "In summer,thereare alot of
vegetables."



2. Wy leccie teraz do domu. "You should hurry home now.'
3. Kiedy ucze nie mysle. "When | teach, | do not think."

4. Kiedys uczcze tepomysl szampaneniSomeday, | will
celebrate this idea with champagne.”

5. Byli tam Grecy i Rzymianie." "There were Greeks and
Romans there.”

6. Byli tam greccy zolnierze. "There were Greeksoldiers
there."

Nine nativespeakers oPolish participated inthe study (6
females, 3 males)Each subject wasasked toreadthe 34
sentenceswice. The speakerswere asked toread at a
comfortable conversationgdaceand to maintain thatpace
throughout therecordingsession. A total of 104 tokens of
geminate affricates (3tbkens of #sts/, 33 tokens ofttte/,

and 35 tokens offtf/) were measured and analyzed.

The measurementsvere doneusing the simultaneous
displays of the spectrogramand the waveform in the
Macquirer program. Thetemporal acoustiparameterghat
were measured wetbe duration ofthe singletonand of the
geminate, theclosureduration ofthe stop portion of the
affricate, andthe duration ofthe following fricative, which
sometimesincluded ashort burst of the stopelease (cf.
Stevens 1967:217).Following Louali and Maddieson
(1999:603),closure duration was defined as“the interval
from the acoustic offset of the preceding vowadrked by a
sharp drop in amplitude and loss of visible formant
structure, to theeleaseburst of the stop”. Thend of the
fricative was taken to be the end of the friction n@sd the
beginning of the F2 of the following vowel.

3 RESULTS
3.1 SINGLETONS

In Figure 1, theaverageduration forall nine speakers for
eachsingleton affricate type is plottedagainst theaverage
duration forits closure. The totahveragedurations of the
singletons ts/ and t¢/ aremore than twicehat ofjust the

closure durationthe total averageduration ofthe singleton
/tfl is slightly less thantwice the duration ofits closure

component. These data, consisting of a total of 83 tokens of

singletons (31 tokens ofs/ , 18 tokens oftt/, 34 tokens
of /t{/), provide abaseline for theanalysis of gefnate
affricates.
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Figure 1: Average durations for singleton affricates vs. their

stop closures.

3.2 GEMINATES

3.2.1 Doubly vs. singly articulated geminates.
We looked atthe correlationbetweenthe duration of the
doubly articulated geminate and the long affricate. A paired t-
test showsghat for/tsts/ thedifferencebetweenthe duration
of the doubly articulated geminaéedthe longaffricate was
not statisticallysignificant (t(32)=1.336,>0.181413). A
paired t-tesshows thaffor /t¢te/ the differencebetween the
duration ofthe doubly articulated genmate and the long
affricate was statistically significant (t(26)=-1.510, P06).
Similarly, apairedt-test shows thator /tft{/ the difference
betweenthe duration ofthe doublyarticulated gerimate and
the long affricate was statisticallysignificant (t(30) = -
1.555, p< 0.08).
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Figure 2: Mean durations of doubly and singly articulated
geminates.

3.2.2 Derived vs. lexical geminates. We looked at
the correlation between the geminate duration and
morphological comlexity. For the doubly articulated
geminates whether the geminate was morphologically
derived or lexical, it dichot correlatewith duration.But, for
the singly articulated genmates, the lexically
monomorphemict[f] was shorter thathe morphologically

complex geminates [t:s] by 48.6 ms and][by 36.5 ms.

3.2.3 Singly articulated geminate affricates. The
ratio of singletons to singly articulated geminates W4s7.
The meandurations foreach category of singletons and



singly articulated geminates fthre 9 speakersare plotted in
Figure 3. Thevalues for geminatedurations do not
differentiatebetweenthe values fothe twokinds of singly
articulatedgeminates thabccurred inthe study:geminates
articulated with a long stop closure component and
geminates articulated with a long fricative component.
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Figure 3: Mean durations for singletons vs. singly
articulated geminates.

In Figure 4, theawo types of singlyarticulatedgeminates
are separatedhe meandurations forgeminatesarticulated
with a long stop closuret(§], [t:¢], [t:f]) are separateftom

the meandurations forgeminatesarticulatedwith a long
fricative ([ts:], [te:], [tf:]). Geminateswith a long closure

werelonger than geminates with long fricative. [t:s] was
on average 63 m#ongerthangs:]; [t:¢] was onaverage 41
ms longer than f¢:]. The differencewas much smaller for
[t:f] and [tf:], where E:f] was onaverageonly 11 mslonger
than Ef:].
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Figure 4: Mean durations for both types of long affricates

The mean closurduration for asingly articulated gernmate
with along closuredurationwas 149.5 ms (s.d41.8). The
mean closure duration forsangly articulatedgeminatewith

a long fricative duration was9.1 ms (s.d17.4), essentially
the same athe closureduration for asingleton, with the
length of thefricative durationmarking aparticularaffricate
as long. The mean closure durations faeach affricate

category are plotted in Figure 5.
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Figure 5: Mean closure durations

3.3 FREQUENCY

The 9 subjectsproduced 100 geminates: 68% othese
geminates were doubly articulated, 32% were singly
articulated.The frequenciesfor eachgeminatecategory are
given in Figure 6.
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Figure 6: Frequency of geminates

Among the 32 singharticulatedgeminates, 1§56%) were
articulatedwith long closure durationgnd 14 (44%) were
articulated with long fricative durations. Figure 7 gives
frequencies for each category.
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Figure 7: Frequencies of long stop closures vs. long
fricatives.

3.3.1 Across speaker variation. Individual speakers
varied considerably itheir manifestations of geminates. As
Figure 8 shows, somtended torearticulatemost of the
time, while others tended to use singly articulated
geminates. However, all produced both!
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Figure 8: Cross-speaker variation.
4 DISCUSSION

Our resultssubstantiatedrhurgood’s (2001) earlier finding

that Polishgeminateaffricates are soatimes marked by
doublearticulationand sometimes by &ng component in
the stop closureHowever, the finding that length in the
fricative couldalso characterize @&olish geminate is new.
We note that aifferenttask, readinginstead ofrepetition,

correlates directly with this difference in phonetic
manifestation. The marking ofjeminate length in the
fricative component of araffricate is cross-linguistically
quite rare[1]; however,in thesePolish data,some 44% of
the singly-articulated geminatstow length in thdricative

component—a fairly robust number.

It is of phonetic interesthat geminatesvith a long stop
closure duration were longer théoosewith a longfricative
duration, perhaps because exeagth in africative is more
salient than extra length in closure.

The experimensuggestedhat derivedgeminatesare longer
than lexicalones, but thisrequiresmore data andfurther
substantiation

The taskaffectedthe phonetic manifestation. In aarlier
repetition task, 59.3% of the tokengre marked byength;

phonetic realization: The case of Berber
stops. ICPhS 99: 603-606, 1999.

[3] P. Stevens, Spectra bicative noise in humarspeech."

in Readings in Acoustic Linguistics, |. Lehiste, Ed., pp.
202-219. Cambridge MA: MIT Press, 1966.

[4] E. Thurgood, "The phonetic realizations of
phonologicallygeminateaffricates inPolish: The Long
and the Short of it." in Speech and Language
Technology, vol. 5, pp. 9-19, 2001.

in this reading task, only 30% were marked by length. In the

earlier repetition task,none of the 27 subjectmanifested
instances ofnmarking usingfricative length; in thisreading
task, 4 out of 9 subjectdisplayedthe use offricative
length.
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