10.21437 /Interspeech.2007-356

INTERSPEECH 2007

Phonetic Geminates in Cypriot Greek: the Case of Voiceless Plosives

Christiana Christodoulou

Department of Linguistics, University of British Columbia
cchristy@interchange.ubc.ca

Abstract

The research presented in this paper provides evidence toward
the existence of geminates in Cypriot Greek (hereinafter,
CyG). Toward this end, statistical analysis supports significant
durational differences in closure duration, the cross-linguistic
correlate to gemination. However, since the language
maintains an audible distinction between the two phonemic
categories and since closure duration cannot be measured in
utterance initial environments, another/alternative correlate is
necessary. Contrary to previous studies [2] and [7] this paper
argues, supported by highly significant durational differences,
that VOT is the primary correlate to gemination for CyG
geminate plosives, because this correlate is available utterance
initially. Preliminary statistical analysis suggests an effect of
the vowel following the target segment, a fact that could
facilitate in resolving the phonological representation of
utterance initial geminates.

Index terms: closure duration, Voice Onset Time (VOT),
phonetic geminates, Place of Articulation (POA).

1. Introduction

This paper examines a number of questions which have arisen
after consulting the existing literature on CyG geminates.
Though previous researchers [1], [2] and [8] (among others),
have characterized the rather longish aspirated voiceless
plosives in CyG as geminates, their results and argumentation
seem weak. In addition, [1], [2], and [8] claim closure duration
to be the primary correlate to gemination, ignoring the fact
that this dialect has utterance initial geminates. Moreover, [2]
state that additional correlates could be available to “enhance
gemination in the cases where duration would be less salient”
(p.562).Furthermore, [2] and [8] argue that neither the vowel
preceding nor the one following the target segment appears as
a consistent correlate in distinguishing between the two
phonemic categories across all consonants tested.

In this study, closure duration is measured and statistically
analysed to verify whether this widely acknowledged correlate
to gemination is also present in CyG plosives and can
differentiate between CyG geminate and singleton stops.
Nevertheless, since closure duration, the primary correlate to
gemination (according to the literature above), cannot be
measured in utterance initial positions, it could be
hypothesized that listeners are not able to mark a distinction
between the two phonemic categories. This is particularly
significant due to the existence of minimal pairs in the
language. The results from the perceptual study (conducted for
the purposes of this research paper) though, indicate that in
fact, that is not the case; listeners can indeed differentiate
between minimal pairs in utterance initial positions. Therefore,
it is investigated whether additional acoustic correlates are
highly perceptible and manage to recover the distinction
between the two phonemic categories and offering any further
information concerning the contrast between geminate and

singleton plosives. Based on this claim as well as those which
suggest that closure duration is the sole correlate to
gemination, this paper examines the significance and effects of
VOT in CyG geminate stops. Finally, since POA has a known
effect on length, analysis on the duration of /p/, vs. /t/, vs. /k/
is performed for both closure duration as well as VOT to
report any durational differences caused by POA for
singletons as well as geminates.

2. Phonetic study
2.1 Materials

The testing materials consist of 2 sets of stimuli. There are
minimal (n.4) or near minimal pairs (n.7) of disyllabic or
polysyllabic words. In addition, whether in a minimal or near
minimal pair, the target segments are always intervocalic, with
identical preceding and following vowels, in each pair. Each
word is embedded in a carrier phrase to control for phonetic
context: [0e 'po 'tora (or to're)] ‘T will say

now’. Finally, in each minimal pair stress is additionally
controlled, as the same syllable in each pair was stressed. In
Table 1&2, the target segment in each utterance is in boldface.

Table 1: Minimal Pairs

Stimulus | Production I Gloss
ikattina | [i ke'tt"ine] ‘kantine’

i Katina | [ike'tine] Fem. name
ippalia | [ipp"ek'e] ‘hatchet hit’
i palia [i pe£'e] ‘old’
ippefti | ['pp"efti] “fall’ 34 54

i pefti [i 'pefii] ‘Thursday’
to kuppi [to ku'pp"i] ‘bowl’

to kupi [ku'pi] ‘oar’

In Table 2 the near minimal pairs are presented.

Table 2: Near-minimal pairs

Stimulus Production Gloss

kakkarizo | kekk" e'rizo | ‘rooster calling’
makarizo meke'rizo ‘beatify’

0 pappus o pe'pp"us ‘grandfather’

to paputsi | to pe'putsi ‘shoe’

i ppala i 'ppPele ‘hatchet’

i pali i 'peli ‘wrestle’

i mappa i 'mepp®e ‘ball’

i tapa i'tepe ‘bang/knock’

o kkeftes | o kkPe'fes ‘the meatball’

to keri to ke'ri ‘wax/candle’

i ppunia ipp"un'e “fist’

ta pulia ta puk'e ‘birds’

to ttoppi to ttoppi ‘bundle of cloth’
i popi i popi ‘short for Penelope”
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There is additionally a larger corpus of stimuli (n.50) that
includes the two phonemic categories in word medial and final
positions, but nonetheless words are not paired. The (near-)
minimal pairs are part of that corpus. The purpose of the 2™
set of stimuli is to test whether the results are still significant
in a set of data where stress, preceding and following vowel
etc. are allowed to vary. A considerable number of distractors
(n.12) are also included in the stimuli. Distractors either
included “geminates” or singletons not forming a (near)
minimal pair or words with consonant clusters. Their purpose
is to “distract” the speakers, and conceal the aim of this study
to avoid biased results, and more specifically to avoid
overstressing or “understressing” the target segment.

2.2 Speakers

The materials were read by 13 (4 male and 9 female) native
speakers of CyG from the broader area of Lefkosia. All
participants speak the “Standard CyG dialect” (Arvaniti,
2002). Their ages vary from 19 to 33. In an attempt to avoid
any additional effects I also controlled for the level of
education of the speakers. They are either graduates of or
students at a higher educational institution.

2.3 Procedure

Words including long-aspirated and short-unaspirated stops
and distractors are randomly arranged in a list form and
printed on A4 paper. The participants were asked to embed the
words in the carrier phrase which is printed at the top of the
page, and read the sentence as they would read a list, with a
pause after each stimulus. There were 4 repetitions of each 50
stimuli.

Materials are recorded directly in Praat at a sampling rate of
22,050 Hz directly onto either a Toshiba Satellite or Sony
Vaio, with an attached microphone plugged directly into the
laptop. Recordings took place in a Language Development
Laboratory, at Aristotle University, Thessaloniki, and an
office in a relatively quiet neighbourhood, in Lefkosia.

2.4 Measurements

In this study two measurements are reported: the closure
duration of the test-segment and the VOT of each test
segment. These two acoustic correlates are selected based on
the research questions of this study. The duration of each
measured segment is determined by visual inspection of the
waveform and spectrogram, as well as by use of the pulse-
tracking algorithm in Praat to determine the beginning and
ending of the vowel, as well as VOT. The end of the vowel is
defined as the point at which formant structure dies off. The
duration is analysed statistically by means of Two-way (2x3)
Analysis of Variance (ANOVA) in which the independent
variables are POA and length (phonemic category). The
ANOVA included subject as the random factor, where the data
is entered for all 13 speakers; thus, the difference between the
means across each speaker is examined.

2.5 Results

2.5.1 General

The entire duration of the consonant (closure duration &
VOT) for each phonemic category is initially analysed. The
phonemic category (geminate vs. singleton) and POA are the
two independent variables. Hence, the mean duration
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(considering the mean productions from each of the 13
participants) of the three voiceless stops show highly
significant results: F' (1, 382.7) = p<.0001, for the phonemic
category, and F (2, 3.7) = p 0.04 for the place of articulation
(/p, t, k/). The interaction between the two factors just missed
significance: F (2, 2.6) p = 0.093. In addition, place of
articulation differences for singletons are evident - labial being
shorter than dental, which is in turn shorter than the velar-
even for the entire duration of singleton stops. Conversely, the
distinctions are not so clear cut for geminates.

2.5.2 Closure Duration

Results for closure duration are in accordance with the
reviewed literature, as the geminate segment of each pair is
generally 1.5 times longer than its singleton counterpart.

Table 4: closure duration

Ipp/ | Ip/ /tt/ | /kk/ /k/
spkl | 99 65 99 60 84 48
spk2 | 109 § 72 131 77 111 74
spk3 | 145§ 76 168 64 126 72
spk4 | 123 1 107 | 145 | 100 | 117 106
spk5 | 164 § 97 163 86 128 95
spk6 | 126 { 74 130 67 109 84
spk7 | 130 { 83 133 86 126 74
spk8 | 143 § 67 167 75 137 76
spk9 | 148 {1 78 130 71 104 79
spk10 | 109 | 89 108 80 91 62
spkll | 124 | 84 117 79 113 87
spk12 | 131 | 68 128 59 118 74
spk13 | 125 { 85 116 91 136 89
Aver. | 129 {80.4 | 133.5 [ 76.5| 1154 | 78.5

Two-Factor (2x3) Analysis of Variance (ANOVA) with
Repeated Measures on both factors was conducted. The results
from this study on closure duration corroborated with results
from previous phonetic studies on CyG geminates. The
statistical analysis supports that closure duration is highly
significant and can differentiate between the two phonemic
categories: F(1, 105) = p<.0001. Hence, the initial question of
this study has been answered successfully: a distinction in
closure duration between the two phonemic categories in CyG
is present therefore CyG has geminates. Furthermore, the
second factor, POA is also found to be significant for closure
duration: F(2, 7.07) = p 0.005 . The interaction of the two
factors is considered significant as well: F(2, 8.38) = p 0.002.
While for /kk/ vs. /k/ the difference is not so large, the results
become clearer with respect to /tt/ and /pp/ when compared to
their singleton counterparts; the differences (per participant)
double and sometimes reach up to 2.5 times longer. While
velar singletons differ from geminates by an average of 37ms,
coronal and labial singletons differ from their geminate
counterparts by 57ms and 48ms respectively. The above
numbers also indicate a consistent difference in length
amongst the three plosives. Nonetheless, notice that if all
speakers performed like speaker 4 and 10 then someone could
rightfully argue, maybe even supported by statistical analysis,
that the difference between the two categories is not large
enough, and these, therefore, are not phonetic geminates.

In a random analysis of the second set of stimuli (bigger
corpus of 50 items), all results came out highly significant.



Table 5

Results for the Repeated Measures of ANOVA
Closure Duration (non controlled set)

i | F P

LENGTH 1 | 103.17 | <0001
POA 2 | 2657 | <0001
LENGTH x POA | 2 | 11.74 | 0.001

2.5.3 Voice Onset Time

In Table 6 the longest and shortest VOT difference for the
singleton is marked in grey. In quite a few cases the difference
reaches a large variation, like the measured mean productions
for speaker 11 for /pp/ vs. Ip/ (89 vs. 3). Clearly, heavy

aspiration on geminate plosives causes a noteworthy
lengthening of VOT.
Table 6
Ipp/ i Ipl | 1t L 1| IKKS G K
spk1 37 017 | 73 122 73 {33
spk2 53 i 16 | 45 37| 62 i34
spk3 57 0 | 75 28| 89 19
spk4 931 9 66 20| 93 |24
spkS 68 i 5 78 114 | 87 {24
spk6 75 ¢ 11 | 65 : 11 | 85 125
spk7 90 { 17 | 92 18 | 101 ; 32
spkS 64 115 | 47 1 19| 81 |28
spk9 70 i 13 | 60 : 20 | 91 :23
spk10 | 123 ¢ 41 | 112 : 43 | 125 : 61
spk11 | 89 & 3 93 119 | 101 | 28
spk12 | 61 { 18 | 69 {21 | 87 {20
spk13 | 91 {14 | 92 12 | 110 ! 21
Aver. | 75 {14 | 74 122 ] 91 29

A Two-Factor (2x3) Analysis of Variance (ANOVA) with
Repeated Measures on Both Factors is conducted for VOT
average per speaker, as well. Both LENGTH, as well as POA,
are highly significant: F(1, 164) = p <.0001 for the phonemic
category distinction and F(2, 33) = p <.0001 for POA. Finally,
in the case of VOT the interaction between the two factors,
contrary to the results for closure duration, indicate only a
marginally significant difference with p 0.05. The effect for
this marginally significant difference possibly lies in the
“behaviour” of the labial stop /pp/ vs. /p/. Further
clarifications are provided in the Discussion Section.
Moreover, there was a statistical analysis of the 2™ get of data
for VOT. As with closure duration, all factors for VOT have
also surfaced as highly significant.

Table 7

Results for the Repeated Measures of ANOVA
VOT (non-controlled set)

df | F P
LENGTH 1 | 13659 | <0001
POA 2 | 2508 | <0001
LENGTH x POA |2 | 103 0.0005

2.5.4 Following Vowel

Preliminary statistical analyses suggest that the vowel
following the target segment is affected by the phonemic
category. The following three minimal pairs were examined:
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Table 8
ipp"dli'e 'pp"efti to ku'pp"i
ipdi'e i'péefti to ku'pi

Factor A is LENGTH (geminate vs. singleton) and Factor B is
VOWEL TYPE (/e/, /¢/, /i/). Length is a decidedly significant
factor: F(1, 111) = p<.0001. Vowel type (whether high, mid or
low) also surfaced as a significant factor: F(2, 6.85) = p 0.005,
in accordance with the results from studies on Greek vowels
[3] and [4]. Finally, the interaction of vowel type and length
came out as highly significant: F(2, 7.8) = p<.0024. The mean
average VOT for minimal pairs across all 13 speakers was
also highly significant: F (1, 254.2) = p <.0001 for the
phonetic category, F (2, 7.02) = p 0.004 for the pair, and
finally F (2, 14.5) = p <.0001 for the interaction of the two
factors.

If these preliminary results are validated, after further
analyses, then there are major phonological implications
resulting from this phonetic study. Based on these results, it
cannot be argued that geminates underlyingly have weight.
Nevertheless, it is proposed that when geminates surface in
CyG they MUST necessarily carry weight. More explicitly,
based on the results of this study, what seems to be happening
with CyG geminates is that the vowel shortens because it
shares a mora with the preceding geminate. Traditionally, it is
argued is that the vowel retains its length and the way a
geminate acquires its extra duration is by “pushing” the vowel
further. This is not what seems to be happening in CyG.

What can phonologically be assumed based on the results of
this phonetic study is that instead of attaching the inherent
geminate weight to the rhyme or prosodic word (as
Kraehenmann (2001) suggests for Swiss German), in CyG,
geminates acquire weight locally. In particular, it can be
argued that phonologically, in a minimal pair, the geminate
and the vowel following it have the same weight as a syllable
with a singleton. This hypothesis is based on the fact that the
duration of VOT plus voicing of the following vowel totals to
the same duration as the VOT of a singleton and its following
vowel (F(1, 0) = p NS). Hence, Attachment of the additional
inherent geminate weight that corresponds to a geminate at the
prosodic word level is rejected here. In such a case, the
duration of the entire word would have been affected by the
extra weight, and hence there would be a significant difference
between the entire duration of the word with a geminate as
compared to duration of a word with a singleton. Entire
segment measurements in this study show that the overall
segment duration for singleton vs. geminate is the same:

Table 9

Results for the Repeated Measures of ANOVA
Entire word duration for minimal pairs

if | F P
LENGHT 1 | 1.83 | 0210
VOWEL TYPE 2 | 4827 | <0001
LENGTH x VOWEL TYPE | 2 | 12.83 | 0.0001

Hence, in a minimal pair each syllable that includes the target
segment has the same weight. For “singleton words” this
weight is only carried by the vowel following the target
segment, and for geminate words it is shared by the vowel and



geminate. This claim however, is only supported in cases
where no other alternative is available. The possibility of CyG
geminates being “weightless” is rejected due to additional
phonological processes like nasal deletion and de-gemination
which support that in order for a geminate to surface in CyG, it
must necessarily carry weight. Specifically, a word initial
geminate causes the deletion of a nasal in a preceding syllable
(of another word) to acquire weight. In addition, when neither
of the above options is available a geminate de-geminates
(when followed by a consonant), forms a complex onset with
the following consonant and behaves exactly like a complex
onset, (i.e. a typical onset carries no weight).

3. Discussion

The general finding of this study is that there is a noticeably
clear distinction between CyG geminates and singletons. Both
closure duration and VOT are used as acoustic correlates to
mark a distinction between the two phonemic categories. The
major finding of this study, however, is that VOT should be
considered the primary correlate to gemination for CyG stop
consonants. The present data suggest a robust difference in the
VOT between the two target segments (geminates and
singletons). This finding contradicts the reviewed literature
but is nevertheless predicted from the perceptual study
conducted for the purposes of this research. In addition, the
existence of word initial geminates in CyG further supports
this view. In the absence of a durational correlate, VOT is the
only perceptible cue. Since minimal pairs exist in the dialect,
VOT differences are valuable in distinguishing if an utterance
initial plosive is a geminate or a singleton.

An additional major finding was POA differences. This is
found to be a significant factor in most statistical analyses (in
all, apart from the entire consonant duration). This
corroborates other cross-linguistic studies which argued that
VOT for labials is shorter than VOT for velars [5].
Nevertheless, concerning closure duration, POA
measurements are quite dissimilar to those for VOT (as are in
[5]1); namely, for VOT, moving from the back to the front of
the oral cavity, bilabials are the longest for singletons and
coronal stops are the longest for geminates. Coronal stops
evidence the biggest divergence between the two phonemic
categories concerning closure duration. The distinction
however, does not suggest a shorter to longer difference
moving from the front to the back of the oral cavity as it does
for the VOT measurement for both singletons and geminates.
Finally, POA as an independent variable was reported as
highly significant: F(2, 26.57)= p <.0001 for closure duration
and F(2, 25.08)= p <.0001 for VOT for the corresponding
non-controlled corpora for each correlate. Furthermore, the
POA x length interaction was also found to be a highly
significant factor for closure duration but only marginally for
VOT, p. 0.05. It is suggested that the most probable cause of
this marginally significant effect is the behaviour of /pp/. The
bilabial geminate is the shortest of the three POA compared to
the other geminate stops /kk/ & /tt/ (see table 5), for 8 out of
the 13 participants. Overall, a careful observation of both the
singleton and geminate production suggests that the
measurements for POA concerning the VOT of CyG plosives
correlate with [5] and [7].

A larger sample of minimal pairs is vital to establish whether
either the preceding or the following vowel (or both) are
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shortened due to an adjacent geminate. Further research on the
following vowel duration will aid in developing a more
inclusive and detailed phonological analysis study.
Furthermore, performing statistics with word as a random
factor, it could be established whether each piece of the
stimuli shows this shortening effect. Additionally, artificial
stimuli created by editing of the waveform will be added to the
perception study to investigate whether native listeners of the
dialect can still distinguish between the two phonemic
categories. Moreover, this new information could help decide
which correlate is mostly used when the other is absent or
distorted.

4. Conclusion

This study suggests that place of articulation is an additional
factor that contributes to the understanding of the geminate-
singleton distinction in CyG by verifying that there are indeed
significant length distinctions. The results on VOT and closure
duration of geminate vs. singleton plosives indicate that both
correlates are important in distinguishing between the two
phonemic categories. However, VOT differences in this study
strongly suggest that VOT should be considered the primary
correlate in distinguishing between geminate and singleton
plosives in CyG due to the robust durational differences
recorded for this acoustic correlate. This is particularly
important because closure duration of utterance initial
geminate stops cannot be measured; hence, VOT which is still
available (as in all other positions), is the most important
correlate to gemination. Finally, the preliminary analysis on
the vowel following CyG geminates indicates an entirely new
approach toward the way geminates are phonologically
perceived. Further research is essential in determining whether
the results hold with a bigger data sample.
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