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1.Introduction

1.1 Closure duration and voice onset time

Consonants cross-linguistically differ by a number of features. For example, CD (closure
duration) and VOT (voice onset time) measurements show the distinction of consonants by
place and manner of articulation in all languages. In particular , these features show variance
between voiced, voiceless and ejective consonants. This contrast is explained by different types
of phonation: ejectives involve both oral and glottal closure, with a so-called glottalic initiation
(cf. Catford, 1977), i.e. an upward movement of the larynx providing the necessary pressure
difference for the stop release. Voiced consonants tend to have negative VOT because voicing
time starts before the burst (cf. Cho and Ladefoged, 1999).

There is much research about VOT. Cross-linguistic diversity of VOT values is shown
in Cho and Ladefoged’s paper (1999). They present VOT measures in 18 languages around the
world and demonstrate that there is no general trend for the VOT parameter which distinguishes
ejectives and plain consonants. Furthermore , they prove that a boundary between voiceless
aspirated and voiceless unaspirated consonants must be defined for each language separately
(Abramson & Whalen, 2017). Moreover, it is known that VOT depends on many features such
as the place of articulation (the further the back the closure, the longer the VOT is), prosodic
position and speaking rate (Fischer, Jorgensen, 1954; Peterson & Lehiste, 1960; Wysocki,
2004; Vicenik, 2010; Grawunder/Simpson/Khalilov 2010).

Features of VOT in Caucasian languages have been studied in detail, too. Catford (1992)
measured VOT duration in a number of Caucasian languages which belong to different
language families: East, North and South Caucasian. He found that there is a tendency for “the
VOT of aspirated stops to be longer in languages where these are contrasted with unaspirated
stops” and there is a significant variety between VOT values. Gravunder (2017) used a sample
of eleven Caucasian languages. He found that there are alternations between the VOT difference
of ejective and non-ejective consonants. In some languages the VOT for ejectives was longer
than the VOT for voiceless consonants,while in others the VOT values of ejectives were shorter.
Gordon and Appelbaum (2006) in an article on the phonetic structures in Kabardian, a
Northwest Caucasian language, also investigated VOT features. They found that in the
intervocalic position aspirated stops have bigger values than ejectives.

Most previous descriptions of Abaza consonants (Genko 1955, Tabulova 1976, O'Herin
1992, and others) do not provide any phonetic evidence, so this is the first acoustic analysis of

Abaza. The aim of this paper is to present the results of comparison of the VOT measurements



made for plain consonants and ejectives in the Abaza language (one of the first acoustic research
papers on this language) and describe the impact of place of articulation on VOT.

This article consists of following sections. In the rest of the Introduction Abaza
language and its phonology (1.2), where a brief description of the Abaza phonetic system is
given. Materials and methods are discussed in Section 2. Section 3 is about the results of our

research. In the last section, we provide a discussion of our study.

1.2 Abaza and its phonology

Abaza is a language of the Abkhaz-Abaza group of Northwest Caucasian languages. It
is spoken in Russia (mostly in the Karachay-Cherkess Republic) and in Turkey. According to
the 2010 Russian census, there are slightly less than 38 thousand speakers of Abaza in Russia.
The exact number of speakers in other countries, mainly in Turkey (Chirikba 2012), is
unknown.

Abaza has a complex system of consonants (Table 1). It consists of 65 segments. There
is a distinction between voiced, voiceless and ejective. Consonants in the brackets are rare,
allophonic or loaned from Circassian. The sounds /dz/, /t§’/, I8/, /21, I3/ are specific sounds of
Northwest-Caucasian languages which are known as hissing-hushing fricatives (Chirikba
1983), dental-alveleolar fricatives (Kumakhov 1981, Chirikba 1983), lamino-alveo-palatal
fricatives (Colarusso 1988), or post-alveolar sibilants (Ladefoged, Maddieson 1996).

Table 1. Abaza consonant system. (vo - voiced, €j - ejectives, pl - plain)

plosives affricates fricatives sonorants
vo |e€j pl vo |e€j pl vo |e€j pl
labial b (p |p ™M (@) [B |m |w
dental d t t dz |t |ts z S n
alveolar r
post-alveolar dz | t& |t§ 2 §




retroflex dz, ts’ ts zZ s
alveolo-palatal dz |t¢’ |te z G
palatal ©) j
lateral (B) [ |4 1
velar g |'¢ k
g Ki |k
gv |kv |kv
uvular q q 8 X
q’ g Xi
Q| qv K" X
laryngeal ? q h
qw hv

There are two basic vowel phonemes in Abaza: /a/ and /o/. In addition, there are four
additional vowel segments found mainly in loanwords or which arise when vowel + glide
sequences contract: [u] (< /ow/ and /w9d/), [o] (< /aw/), /i/ (< /9j/ and /ja/), [e] (< /aj/). Unlike
other Northwest Caucasian languages /o/ is not realised as [a] after /h/ or /h“/. Stress is
distinctive in Abaza. The stressed syllable is longer and more intensive than the non-stressed.

In this paper the stressed vowel is marked with the acute, e. g. /sara/.

2. Materials and methods

2.1 Materials
The data analysed in this study were recorded in July 2018 during a field trip to the village of
Inzhich-Chukun in the Karachay-Cherkess Republic in Russia. Six female native speakers of

Abaza (aged 19 to 59) were recorded in a separate classroom at the local school with the
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windows shut. The speakers produced three repetitions of a set of 100 stimuli containing the
target plosive in two-syllable words with the vowel /a/ and a stop consonant in the intervocalic
position (the stimuli list is available in  Appendix 1). All stimuli were presented in two
languages at the same time: Russian and Abaza. The words were embedded in a carrier phrase:
[sara aza X yon ishvat'/ ‘I said (word) three times’. Speakers were recorded using a Tascam DR-
40 recorder. The recording settings were set to .wav, 44.1 kHz, 16-bit, stereo. The stimuli were
automatically gathered from a dictionary (Tugov 1967): if a word had two syllables, all of its
vowels were /a/, and it was not loaned, our Python script appended it into the list of stimuli .
There were no appropriate words with a plain velar, but one of the speakers pronounced the
uvular written as <x»> in the traditional orthography like a plain velar consonant. The

distribution of consonants in our dataset is presented in Figure 1.
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Figure 1. Number of analyzed consonants coloured by utterance

2.2 Methods
We measured CD and VOT durations and the duration of the preceding and following vowels.
The Praat (Boersma, Weenink 2018) annotation consists of 4 labels: CD and VOT, consonant,

word, and utterance. Figure 2 shows the example of annotation. After that, annotation data were

6


http://www.fon.hum.uva.nl/david/

extracted with Praat script and analyzed in R (R Core Team 2019). All data and annotations are

available online: https://github.com/agricolamz/abaza vot with mamonova.
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Figure 2.The example of annotation in Praat. The tiers include annotation, sound, filename,
utterance, stimulus, and its translation.

The statistical analysis and visualisation were made with the following packages for
R (R Core Team 2019): ggplot2 (Wickham 2006), ggbeeswarm (Clarke, Sherrill-Mix 2017)
Ime4 (Bates, Maechler, Bolker, Walker 2015), ImerTest (Kuznetsova, Brockhoff, Christensen
2017), effects (Fox, Weisberg 2019).

3. Results

The resulting CD and VOT values are presented in Figure 3. Each point on the plot corresponds
to one observation, which quasi randomly offsets the type of phonation variable from each
value. Each row corresponds to the number of an utterance (1, 2, 3, and cf -- carrier phrase).
From the graph we see that the VOT of voiced plosives is negative (which is obvious), but the
VOT values of voiced consonants tend to be greater than values of ejectives among all
pronunciations and places of articulation.


https://github.com/agricolamz/abaza_vot_with_mamonova
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Figure 3. Distribution of VOT values by the type of phonation and number of utterance

In order to check our observations, we decided to evaluate a mixed effects regression
model, computing differences between all kind of places of articulation and types of
phonation. In Table 2 we present the fixed effect results of the linear regression model which
predicts the VOT duration using the place of articulation and the type of phonation. Speaker,
utterance and word were used as a random effect. The Ime4 (Bates, Maechler, Bolker, Walker

2015) formula used for this model is the following:
VOT~POA+phonation+(1|speaker)+(1|utterance)+(1|word)
As is seen in Table 2, VOT values in plain labial sounds were used as a reference level, so

estimated values show the difference between the reference level and the corresponding
variable. All variables except dental and palatal are highly statistically significant.



estimate std. error df t value p-value
(Intercept) 53.237 3172 17.763 16.783 2.44e-12 ot
poa dental -3.713 2.173 381.048 -1.709 0.0882
poa palatal 8.609 3.575 431.867 2.408 0.0164 ®
poa uvular 26.464 3.152 391.254 8.397 8.54e-16 w
phonation ejective -23.091 2.622 430.611 -8.807 2e-16 wHE
phonation voiced -181.01 2.257 393.852 -80.197 2e-16 *xk

Table 2. Estimated coefficients from linear mixed effects regression

Overall estimated effects are as follows (see Figure 3.):

e average VOT values are increasing from labials and dentals to palatals and uvulars

e average VOT values for plain sounds are greater than ejectives, and of course voiced

plosives have the lowest values of VOT
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Figure 4. Fixed effects of linear regression created by the effects package (Fox, Weisberg 2019)

4. Discussion

The POA effect plot shows VOT values of consonants of different places of articulation. We

see that the VOT depends on place of articulation. Dentals demonstrate the smallest VOT



values. Labials also have small values. Then VOT values rise significantly: palatals and
uvulars have the largest VOT values. Moreover, the graph demonstrates that predicted
average VOT values of different places of articulation do not overlap.

The second graph shows that phonation also has an impact on VOT. As expected, voiced
consonants have a negative VOT because of their articulational properties. Plain voiceless
consonants have a bigger VOT than ejectives.

Based on the results of our research, we can state that typologically Abaza belongs to
languages where VOT values of plain consonants is bigger than VOT values of ejectives. In
fact, similar conclusions have been reached earlier for Circassian languages, which also belong
to the Northwest Caucasian family.

It is worth noting, however, that the sample in our study was not balanced enough: it
contains many labials and dentals, but only a few velar consonants. Further study of VOT
features of Abaza consonants may include more detailed research of velars and how the VOT

changes in different positions in the word.
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Appendix 1

Table with stimuli used in the survey.

Transcription | translation russian stimuli
1 Aba where Kyza, TJIe
2 Abar here BOT
3 Aban there BOH
4 Ada frog JISATYIIKA
5 aga howbeit KaK OBl TO HH OBLIO
6 aga moth MOJIb
7 baba shaggy JIOXMATBIH
8 baga fox amca
9 bzita good XOPOIIIO
10 dabar here (about a man) BOT (0 YeoBeKe)
11 habar news H3BECTUS
12 sabap benefit MoJib3a
13 gvaban mattress Matpac
14 Zaba ten TIECIATH
15 g’abat layer CITOM
16 te’aga dishes mocya
17 dzgaga water pipes BOJIOTIPOBO/T
18 giaba side 00K
19 laba male dog KOOEIIb
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20 laba stick najgka

21 saba dust IbLIb

22 taba pan CKOBOpPOJIa

23 teaba gelding MEpHUH

24 te’zaba widow BIIOBA

25 ts’aba wax BOCK

26 q“baba hairy BOJIOCATBIN

27 pg’aga threshing tools OpYyIUs AJIS MOJIOTHOBI

28 gada without headgear 0e3 roJoBHOTO yoopa

29 ?dab good manners BOCITUTAHHOCTD

30 gatay™ cost price ce0eCTOMMOCTh

31 cata root KOPEHb

32 tsgata evil 3710

33 te’gata on an empty stomach | maromax

34 teq’ata clear YHCTO

35 yVata scarf ajab

36 ts’aga face JIMIIO

37 maga arm pyka

38 Z28vaqa shoulder 1e40

39 zaqa the day before mo3aBuepa
yesterday

40 dzaga start Hayvajo
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41 mts’'t’at’a linden auna

42 q’iata slushy CIIIKOTHBIN
43 bag’an basin Ta3

44 giagia acircle Kpyr

45 t’at’a viscous BA3KUI
46 gatats’ private JIMYHBINA
47 fatar apartment KBapTUPA
48 k>vatan plow TUTYT

49 g’atan tarpaulin Ope3eHT
50 gata side CTOpOHA
51 g’ata saber ca0J1st
52 sfata low HU3KO
53 psdzata beautiful KPacuBO
54 19vata smoky JIBIMHO
55 Zp’ata thick T'yCTO

56 ¢vbata twice BJIBOE
57 gvte’ata eagerly KaJTHO
58 k’ata net CeTh

59 ts’ap’a vile Mep3KHi
60 gap’a dandruff epXOTh
61 Lap’a expensive JI0pOToi
62 gapay’ forehead 7100
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63 \apad stocking 9yII0K

64 ?apa keys KJIaBHIII

65 napa face JIMIIO

66 k’apa tail fat KYPIIOK

67 q™apa angle yroj

68 gvapa pleasant HPUATHBIA
69 nak’ah marriage Opak

70 gag’ab with a pumpkin head | ¢ royioBo#i KaK y THIKBBI
71 ybr’gaq’ape clover KJICBEp

72 saq’at disabled VHBAJIAL
73 rgag’ab cucumber oryperir

74 zak’a3 fishing rod yJI0YKa

75 k’ak’an nut opex

76 gag’ape red-headed KPaCHOTOJIOBBIH
77 ts’ak’ia nit THHUAA

78 qrak’ia fringe Oaxpoma
79 zak’ia beard 6opoja

80 dzak’ia edge Kpaii

81 ts’ladag horse-chestnut JOKEKaIITaH
82 hvadag® saltbush nebema

83 tSada donkey ocen

84 Cwada slope KOCOTOp
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85 g’adas’ chicken coop KYPATHHK

86 zSvada healthy 3I0POBBIii

87 zada steep KPYTOi

88 dada grandfather aen

89 nyada lazy JICHUBBIH

90 pts’ada beardless 0e3ychIit

91 pyada unceremonious OecriepeMOHHBIH
92 tsada colourless OeCIBETHBIN

93 msgaga pastime BPEMSIIPETIPOBOKICHHE
94 laga fool Aypak

95 tssaga razor OpuTBa

96 k¥naga merit 3aciyra

97 nyaga tool UHCTPYMEHT

98 aga hoe MOThITa

99 yVaga shadow TCHb

100 7’4ga bait MpUMaHKa
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