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A STUDY OF STANDARD MODERN GREEK AND
CYPRIOT GREEK STOP CONSONANTS:
PRELIMINARY FINDINGS
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epidnym

H napotoa épevva eletdler v emipaon tov 1émov dpbpwons ke Tov Suvaykov
TOVIOHOD OT® YAPAKTHPIOTIKK TOV aKOVOTIKOV Yhopatos TG ékpnéne Twv kleiotdy dnywv
ovppwvwy ¢ Kovii¢ Néag EAAnvixic (KNE) kot ¢ Kvmpiaknic EAAnvixis (KE). Zrnv
épevvar ovppeTEYAY 0apavTATTEVTE OpATpLES (eikoot opiATpies TG KNE kot eikooimévte
owAjipies ¢ KE). MetpiOnxav o1 paopatikés 1810tnres ¢ éxpnéne twv xAeiotav
ovpQavwY kot avadvOnxay pe Tnv péBodo Twv paopatTikwy oTIyuwy (spectral moments ana-
lysis). Ta amotedéopara édeiéav 011 0 160G dpBpworns ko 1 YAwooikh moikidia emnpedlovy
OHUAVTIKK T QROUATIKG XAXpAKTHPIOTIKG THG ékpnénG wg mpog To kévipo PapltnTas, THv

QOVUUETPIX KOl THY TUTIKY améKkAion.

Keywords: stop consonants, spectral moments

1. Introduction

The acoustic signal conveys information that enables the listener to decode the en-

coded linguistic message. Also, the acoustic signal provides non-linguistic informa-
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tion, such as the gender, the age of the speaker, and other sociolinguistic information.
In this study, we provide acoustic evidence from SMG and CG stop consonants and
argue that dialectal differences are present in the fine acoustic representation of stop
bursts. Specifically, we provide preliminary acoustic measurements of burst spectra
using spectral moments analysis and show that SMG and CG stops differ in the spec-
tral moments of the stops burst (Forrest, Weismer, Milenkovic, and Dougall 1988).

The spectral moments analysis is a statistical method that allows measurements of
different parts of the sound spectrum. The centre of gravity describes the concentration
of energy and constitutes the first spectral moment. The second moment measures the
deviation from the mean; in this study we employ the standard deviation. The third
spectral moment is skewness, which measures the asymmetry between the probability
distribution of the variable and its mean. When skewness is negative, the tail is longer
on the left side and the energy concentration is on the right side of the histogram of the
distribution; the reverse takes place when it is positive. The fourth moment, kurtosis,
describes the shape of the probability distribution of a variable as tall, when positive,
or flat, when negative (see also Forrest, Weismer, Milenkovic, and Dougall 1988, Vice-
nik 2010, Tabain and Butcher 2015).

The analysis of SMG and CG stop consonants will indicate the differences of the
varieties as manifested in the stops burst. SMG and CG differ in their phonemic struc-
ture (e.g., Themistocleous 2017, 2016, Themistocleous and Logotheti 2016). Most
notably, SMG and CG differ greatly in their consonants. For example, SMG contains
voiceless /p t k ¢/ and voiced /b d g 3/ stops. In CG there are non-prenasalised voiced
stops whereas in SMG, voiced stops are optionally pre-nasalised, especially in formal
speech (Arvaniti and Joseph 2000). But it is in geminates where the two varieties dif-
fer phonemically the most: the CG phonemic inventory contains both singletons and
geminates whereas the SMG phonemic inventory does not contain geminates. Even
though geminates are represented in standard Greek orthography, this distinction has
been lost in SMG. In the CG variety, the only singletons that exist (i.e., voiced stops
and affricates), are allophones of their voiceless counterparts when they are preceded
by a nasal (/'panta/ - ['panda]) or labiodental [m] and the velar [n] nasals (see Vay-
akakos 1973, Newton 1972). Overall, geminates exhibit greater length; also, plosive
geminates exhibit longer aspiration and affricate geminates display longer frication
(Arvaniti and Tserdanelis 2000, Arvaniti 2001, Botinis, Christofi, Themistocleous, and
Kyprianou 2004, Payne and Eftychiou 2006, Armosti 2012). Additionally, when a final
/s/ is followed by another /s/ or /[/, then the geminates /s:/ and /J:/ occur respectively
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(Armosti 2012). Besides geminate consonants, CG contains post-alveolar fricatives
and affricates (Aristodemou, Savva, and Themistocleous 2015, Themistocleous, Savva,
and Aristodemou 2016). As a result, the sheer number of consonants in CG is greater
than in SMG.

Several studies investigated SMG stop consonants. For example, Botinis, Fourakis,
and Prinou (1999) examined the voicing and duration of occlusion for both voiced
and voiceless consonants, which provide evidence for place of articulation and voice
oppositions. Arvaniti (2000) investigated the effects of stress on the duration of the
syllable and found that stressed consonants are longer in duration. Also, Arvaniti and
Joseph (2002) examined the pronunciation of voiced stop consonants /b d g/ in origi-
nal recordings of early twentieth-century Greek rebetika and folk songs. Their results
display variation and change in the production of stops. Other studies also examined
several aspects of SMG stops (Antoniou, Best, Tyler, and Kroos 2013).

Few studies, however, investigated CG consonants. Armostis (2012) showed that in
prosodically dominant conditions in CG (i.e. in utterance initial position and when
stressed), the oral articulation of singletons is almost identical to that of geminates.
Botinis, Christofi, Themistocleous and Kyprianou (2004) pointed out the effects of
stress and syllable position on the closure and burst duration of stop singletons and
geminate consonants. Arvaniti and Tserdanelis (2000) examined the acoustic corre-
lates of CG geminate consonants. They measured target segment duration, preceding
vowel duration and quality, RMS and voice quality differences in the production of
the geminates. The results confirmed the idea of duration being a very robust cue for
gemination for all the types of consonants involved in the study. Arvaniti (2001) exam-
ined CG (singletons and geminates) and SMG stops and showed that faster speaking
rate has a shortening effect on segments and that SMG data is not more variable than
CG data.

Opverall, most of the aforementioned studies are in line with the fact that certain
factors, such as stress, affect the production of stop consonants, which by extension is
also different in the two varieties examined in the present study. However, the limited
amount of studies on voiceless Greek and CG stops highlights the importance of con-
ducting more research to provide insights on the characteristics and classification of
stop consonants. This study investigates the acoustic structure of the voiceless bursts
[p t c k] using a spectral moments analysis to analyze the spectral characteristics of the

stop bursts.
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2. Methodology
2.1. Speakers

The participants of the study were 20 SMG and 25 CG female speakers between 19 and
29 years old. Participants were born and raised in Athens and Nicosia respectively,
and had not lived abroad. Based on information from a demographic questionnaire
that we had employed to avoid unwanted influences on the experimental material, the
participants from each variety constituted a sociolinguistically homogeneous group:
they originated from approximately the same socio-economic status and they were all
university students at the University of Athens and the University of Cyprus. All par-
ticipants were bilingual in Greek and English (as a second language). None reported

a speech or hearing disorder.

2.2. Speech Material

The speech material consisted of a set of nonsense words, each containing one of the
CG and SMG stop consonants ([p t ¢ k]) in both stressed and unstressed word initial
position before two vowel contexts /a/ and /i/. The nonsense words had the structure
/CV sa/—where the C stands for Consonant and V for vowel /i/ or /a/—(e.g., /'pasa,
'kasa, 'tasa, etc./) and CVsa/ (e.g., /pa’sa, ka'sa, ta'sa, etc./). The experimental mate-

rial is shown in Table 1. The keywords were uttered in a carrier phrase:

(1) the SMG phrase was: “/ "ipes <keyword> "pali /” (You said <keyword>again).
(2) the CG phrase was: “/ 'ipes <keyword> "pale /” (You said <keyword> again).

Stops stressed unstressed stressed | unstressed
Ip/ 'pisa pi'sa "sapi sa'pi
Ip/ 'pasa pa’sa ‘sapa sa'pa
It/ ‘tisa ti'sa ‘sati sa'ti
It/ ‘tasa ta'sa ‘sata sa'ta
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/el

‘cisa

ci'sa

‘saci

sa'ci

/k/

'kasa

ka'sa

‘saka

sa'ka

Table 1 | Speech material

2.3. Procedure

0.02246

[k closure]

[k burst]

-0.02792
1}

0.587685031
20004

02251
0812761633

Frequency (Hz)

Time (z)

Figure 1| The waveform and the spectrogram of the vowel /a/ in the keyword [ 'asa]

The SMG speech material was recorded in a recording studio in Athens and the CG

speech material was recorded in a soundproof room at the University of Cyprus. Re-

cordings were made on a Zoom H4n audio recorder where voice was sampled at 44.1

kHz. The keywords were located and segmented in Praat. Figure 1 shows the waveform

and the spectrogram of the vowel /a/ as well as the corresponding segmental bounda-

ries of the segments that constitute the keyword ["asa]. Each subject produced 64 ut-
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terances (i.e. 45 Speakers x 4 Segments x 2 Stress Positions x 2 Speech Varieties x 4

Repetitions) yielding a total of 2880 Productions.
2.4. Statistics

A linear mixed effects analysis of the relationship between normalised intensity, center
of gravity, standard deviation, skewness, and kurtosis as response variables and stress,
variety and, place of articulation as predictors was performed. Intercepts for subjects

and items were taken as random effects.
(1) DV ~Segment * Variety * Stress + (1|Speaker) + (1|Keyword)

The linear predictors are related to the conditional mean of the response through a
logit link function for binomial distributions (McCullagh and Nelder 1989, Dobson
1990). Statistical tests were conducted by using R (R Team 2016) and statistical pack-
ages Ime4 (Bates, Méchler, Bolker, and Walker 2015).

3. Results

In this section, the spectral properties of each stop consonant are presented. The
spectral moments analysis described in the methodology section aims at providing
measurements of those spectral characteristics. The following discussion provides a

description of the stop burst spectra.

3.1. Normalized Intensity

Figure 2 shows the mean results for the normalized intensity. Intensity is highly influ-
enced by the segment. The burst of stop consonants articulated at the lips has lower
intensity than that of stop consonants articulated in the palatal and velar place of ar-
ticulation. Table 2 presents the findings for the normalized intensity. The results point
out a significant effect for the place of articulation and for the variety. Specifically,
there are significantly different slopes from the intercept for all stops. Despite the fact

that there are no significant interactions between variety and segment, overall, the
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Figure 2 | Normalized Intensity for stressed and unstressed SMG and CG stop consonants
Estimate SE df t value Pr(> |t])
(Intercept) 34.7278 1.1589 42.2700 29.967 .001
Segment [t] 3.9533 0.8997 11.0200 4.394 .001
Segment [c] 4.8092 1.0927 10.6500 4.401 .01
Segment [k] 10.0033 1.0937 10.6900 9.146 .001
Variety CG -6.3072 1.4436 32.8800 -4.369 .001

Table 2 | Normalized Intensity
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intensity is lower in CG than in SMG speakers, which results in a significant effect of

the variety over the intercept (see Table 2 on the previous page).
3.2. Center of Gravity

Figure 3 shows the mean values for the center of gravity in Hz for the burst of stressed
and unstressed SMG and CG stops. There is an overall higher center of gravity for the
palatal stops whereas the bilabial and velar stops associate with the lowest center of
gravity. This results in significant effects of segment over the intercept; only [k] does
not present a significant effect. The speech variety does not result in significant differ-
ences, yet the interactions of speech variety with the segment for [t] and [k] are highly
significant (see Table 3).

Stressed SMG Stops Unstressed SMG Stops
3 |
o 2 o :
> 8 z 8 :
> =] > w0
o o :
5 i 5 y j@./é\
5} 5} s : \
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2 38 2 8
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Figure 3 | Center of Gravity for stressed and unstressed SMG and CG stop consonants
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Estimate SE df tvalue | Pr(> |t)
(Intercept) 1621.3 421.7 16.2 3.845 .001
Segment [t] 1739.7 484.6 12.7 3.590 .01
Segment [c] 4129.0 593.5 12.7 6.957 .001
Segment [k] 348.2 593.5 12.7 0.587 n.s
Variety CG 246.1 258.2 47.3 0.953 n.s
Stressed 247.9 389.6 11.9 0.636 .53
Segment [t] : Variety CG 729.6 184.9 1546.3 | 3.945 .001
Segment [c] : Variety CG 273.3 225.3 1546.2 | 1.213 n.s
Segment [k] : Variety CG 462.3 226.8 1546.7 | 2.039 .05

Table 3 | Center of Gravity

3.3. Standard Deviation

Figure 4 on the next page shows the mean values for the standard deviation. The

patterns are similar to those reported for the center of gravity, namely there are low

values for standard deviation for [p] and [k] and higher values for [t] and [c]. In fact,

[k] has no significantly different slopes whereas the other stops differ significantly (see

Table 4).
Estimate SE df t value Pr(> [¢])
(Intercept) 2082.42 160.36 23.58 12.986 .001
Segment [t] 883.74 185.97 11.82 4.752 .001
Segment [c] 762.83 227.64 11.79 3.351 .001
Segment [k] -170.32 227.79 11.83 -0.748 n.s.
Variety CG 848.39 141.80 32.73 5.983 .001

Table 4 | Standard Deviation
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Figure 4 | Standard Deviation for stressed and unstressed SMG and CG stop consonants
Estimate SE df t value Pr(> |t))
(Intercept) 4.52892 0.42861 20.30 10.567 .001
Segment [t] -2.19155 0.47398 14.00 -4.624 .001
Segment [c] -3.66034 0.58037 14.00 -6.307 .001
Segment [k] 0.36317 0.58037 14.00 0.626 n.s.
Variety CG 0.96448 0.35430 55.50 2.722 .001
Stressed -0.03605 0.37099 11.90 -0.097 n.s.
Segment [t] : Variety CG -0.89637 0.29602 | 1546.40 | -3.028 .01
Segment [c] : Variety CG | -0.61724 0.36058 | 1546.30 | -1.712 n.s.
Segment [k] : Variety CG -1.82927 0.36293 | 1546.90 | -5.040 .001

Table 5 | Skewness
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3.4. Skewness
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Figure 5 | Skewness for stressed and unstressed SMG and CG stop consonants

Figure 5 shows the means for the measurements of skewness on the burst of stressed
and unstressed SMG and CG stop consonants. The findings indicate that overall skew-
ness is high for [p] and [k] and low for [t] and [c]. The results show again significant
effects of [t] and [k] over the intercept. By contrast, [k] does not differ significantly
from the intercept (see Table 5).

3.5. Kurtosis

Figure 6 on the next page shows the means of kurtosis for stressed and unstressed

SMG and CG stop consonants. The findings indicate high values of kurtosis for [p]
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and [k] and low values of kurtosis for [t] and [c]. This results in statistically significant

effects for [t] and [c] (see Table 6).
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Figure 6 | Kurtosis for stressed and unstressed SMG and CG stop consonants
Estimate SE df t value Pr(> |¢)
(Intercept) 43.992 4.434 19.472 9.921 .001
Segment [t] -28.179 5.423 11.718 -5.196 .001
Segment [c] -39.864 6.632 11.648 -6.011 .001
Segment [k] -8.755 6.643 11.727 -1.318 0.2

Table 6 | Kurtosis
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4. Discussion

This study investigated the shape of the burst noise by using a spectral moments analysis
and showed that there are significant differences in the spectral properties of the burst
noise of SMG and CG stop consonants /p t ¢ k/. The effects are most evident on the
center of gravity, standard deviation, and skewness. Specifically, the center of gravity of
/p t K/ is significantly higher in CG than in SMG, which suggests that the overall energy
concentration for these sounds is higher in CG (see also the estimate of the model in
Table 3). The standard deviation of stop bursts is significantly greater in CG. So, the val-
ues of the CG stops deviate more from the center of gravity than the SMG values, which
seem to be closer to the center of gravity. SMG and CG differ in the skewness of [t] and
[k], with greater effects on the latter. Overall, higher values of positive skewness suggest
that the tail of the spectral distribution is longer on the right side, indicating that the
concentration of energy is distributed on the left side in the histogram of the probability
distribution. High positive kurtosis indicates tall peaks whereas a negative kurtosis is
more flat; in the findings kurtosis is higher for [p] and [k] and low for [t] and [c]. Nota-
bly, the language variety does not affect the kurtosis. In another study (see Themistocle-
ous 2016), velar consonants were found to have significantly different kurtosis in the
two varieties. Themistocleous (2016), using a classification model, showed that skewness
and standard deviation have a major contribution for the classification of SMG and CG
bursts. The consequences of these findings are discussed in the following paragraphs.

First, the spectral differences imply that the cognitive representation in the speak-
ers of the two varieties differs, which affects the articulation of these sounds and, as
a consequence, the spectral properties of bursts. These distinct cognitive, articulatory
and acoustic representations of stops may be interpreted by the phonemic differences
of these two varieties, as CG and SMG phonemic inventories differ in the quantity and
also in the place of articulation of their consonants. Most notably, CG contains both
long and short stop consonants. Also in CG, there are consonants articulated at the
postalveolar place of articulation. So, the overall phonemic inventory of CG is signifi-
cantly greater than the SMG one. Therefore, the use of the oral cavity for the articula-
tion of sounds that the two varieties make, differs, which may suggest different effects
in the exact places of articulation.

Second, the results suggest that the acoustic differences of stops within the Greek
speaking speech communities can manifest dialectal differences. Conspicuously, even

extremely small portions of sound, such as the stop bursts can carry both linguistic
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and sociolinguistic information. In other words, they can be employed by the speak-
ers to identify the speaker of one variety from the speaker of another. But what is the
role of the stops bursts in Cyprus and Greece? To describe the functions of acoustic
variables in speech communities, Labov (1971) suggested the term ‘indicators’ which
are dialectal variables that can distinguish social or geographic properties but remain
subtle, do not change across different styles and registers, lie under the level of con-
sciousness of speakers, and do not convey negative or positive evaluations. The acous-
tic properties of stops seem to play a similar role. They are not associated with a spe-
cific evaluation, yet they constitute a characteristic of SMG and CG speech. In addition
to dialectal information, a number of other studies suggest that the bursts of stops can
carry sociolinguistic information (see Eckert 2008).

To conclude, this study proposes a method for studying sociophonetic variation in
stops, by employing spectral moments, (see also, Themistocleous 2016, Aristodemou,
Savva, Themistocleous 2015, and Themistocleous, Savva, and Aristodemou 2016),
contributes to research on language variation and change, and can have potential ap-

plications in forensic linguistics and speech pathology.
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