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PhonTyp Phase 2
May 24, 2024 @ AA-ken, Tokyo

Overview of the PhonTyp,
phase 2

Seunghun J. Lee (ICU, U of Venda, IITG)
seunghun@icu.acjp
Keita Kurabe (AA-ken)
kurabe@aa.tufs.ac.jp

PhonTyp 1 (2021.4-2024.3)

* Publication (AA-ken
Supplementary Volume)

* Expected publication date (the
end of June 2024)

« Thank you all for contributing
and also reviewing!

PhonTyp 2 (Overview)

* Phonetic Typology

AP

lg « Topics in Phase 2
PP, * Year 1
° ?%gﬁ% « Liquids
(liqul(;)is J[i:il *Year2 &3
LD * Vowels
%UD e « Phonation
5| %

* Laryngeal vowels

HE| S 3
]

Collaborative project 1

* Cross-linguistic overview of the phonetics (and phonology) of a
specific group of sounds
+ Voiceless nasals (Mizoguchi, Ueta, (Guillemot))
+ Lateral fricatives (Sarmah, Shinagawa)
+ Obstruents in Korean / Burmese (Perkins) and other Tibeto-Burman lgss
+ Automatic dection of phonation types (Villegas)
+ Retroflexes (Guillemot)
+ Labial trills (Shinagawa, Lee)

* Possible venue:
+ Language and Linguistic Compass (Kawahara)

Collaborative Project 2

* Phonetic typology of liquids

« Liquid survey (ongoing)
« Languages in the Americas (Uchihara)
* Tibeto-Burman languages (Kurabe)
+ Languages of India (Sarmah)
+ Japonic and Korean languages, Uralic languages (Morimoto)
+ Altaic languages (Ueta)
* Austronesian languages (Yamamota)
+ Bantu languages (Patin, Shinagawa)
* Any other languages (Lee)

* 8 chapters? (maybe a book, or a collection of overview articles?)

Overview of liquids: Laterals

Basics of lateral approximant [l]

* Most lateral segments are produced with an occlusion in the
dental/alveolar region (Maddieson 1984a).

+ Comparing [l] with [t]
* The closure around the sides of the palate in [t] is missingin [(].
+ the tongue tip touches the similar location
+ the tongue is lower in the mouth below the front palate area before the lateral
* jawis more open for [|] than [t].

* Laterals can have extended contact area

* [Jin Tamil satasubramanian 1972)
* [[]in Russian (gotia 1081)

From Ladefoged & Maddieson (1996)

Laterals

« the largest number of contrast is four in Kaititj, Pitta-Pitta (giake 1979),
Diyari (austin 1981), Arabana (Hercuss 1973)
« Kaititj
* laminal dental
« apical alveolar
« apical post-alveolar
« laminal post-alveolar

Table 61 Words llsiating. aterals n Kaitg
P AL ARCLAVEOLG AMCAITANOLR | LaNNAL ST ASEOLAR
! 1 I

e linp Gropt  lubiy high  faigk Tokugk g e

Meow alun burow  alugk ‘chase  alal ‘sacedbosrd allk  smocdy

Pra albal ek irmal “fressw aldimal ‘wesr koral sar

From Ladefoged & Maddieson (1996)

Cross-linguistic realization

* Albanian (Bothorel 1969-1970)
« only utilizing different tongue body positions

« Argol Breton, Russian, Bulgarian, Serbo-Croatian
« Choice of tongue tip and tongue blade is uncertain
« tongue front raising favors laminal articulation
« tongue front lowering favors apical articulation

From Ladefoged & Maddieson (1996)

« aditinction between apical dental and apical alveolar laterals.
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Acoustics voiced
lateral approximant

Eastern Arrernte laterals

* The apical post-alveolar has a
lower F1 than other laterals

« the laminal dental and
palatalized retroflex has the
highets F1.

bl 6.4 Formant requendies (i

B e

1080
184
1146

[,

From Ladefoged & Maddieson (1996)

Acoustics voiced lateral approximant

Mid-Waghi
* The highest F1 is in the velar
lateral.
ar s Le
From Ladefoged & Maddieson (1996) 57700 200 300 400 300 600 ms

Voiceless lateral fricative vs. lateral
approximant

Zulu and Burmese Waveforms
* Voiceless lateral fricative (Zulu)

* Voiceless lateral approximants
(Burmese) | 5
* alower amplitude of noise Burmese |
* agreater tendency to anticipate the -
voicing of the following vowel
* aconcentration of energy lower in
the spectrum

From Ladefoged & Maddieson (1996)
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Other laterals

Voiced laryngealized lateral Breathy voiced laterals

« Tiddim Chin, Nex Perce, * Hindi
Chemehuevi, Haida, Sedang, « plain versus breathy voice
Klamath laterals

+ asequence of Lh? (Ohala 1983)

* Montana Salish

Voraess sRcaTE dqfalf  sitdownt
VOIcED APROANT gl ‘sweatbat’
LANTNGEALIZED ATRORMANT & 1o raspberry’
EiEcmve asrucar: hot'

From Ladefoged & Maddieson (1996)

Contrast of lateral segments wemsss: 212

Contrast in places of articulation among
laterals

13

Overview of liquids: Rhotics

e 534 1 .
7 Tt 615 Langasges exmplifying contesing e frtculton mon el segments
Vocass Eecnve  Vowcsp  Vocnsss Bponve Vorcrless Voo DevtaL. AwsoLat POsT- ALYELAK PALIAL Veax
AT AFRICATE SUCKTVE TRGATVE | PCATIVE . amRON.  Fla e Lot G o e
i 2 i i 7 s 9
Thingit Thingit {F tingit
e el Thegt  Tingit Voweo Albwmion Kt Ao Roston  Tanebl Gulgaian  Milayalam, Tl
Thngit  Amhi  Navao  Archi  Archi b f— ot Toda
Archi
Amhi  Navajo  Tlingit  MNavajo Kichaka “Grodham Tomit
Zau Ak Tastn  Kabordan Zula Diegueto [r—
g Jr——— ho o At
Thagt  Navaio = Novsho A
Zeln
Tingi
[ — Arhi
Burmese KiChaka i
1 gt
From Ladefoged & Maddieson (1996) From Ladefoged & Maddieson (1996)
Members of the rhotic sounds Trill
Definition LM * Phonetic similarity between .
Voiced dental or alveolar trill T rhotiCS (undeu rsss) Acoustics
Voiced dental or alveolar tap or flap P « acoustic similarity * Apical trills
. ) Ny « 210 3 periods of vibration
Voiced dental or alveolar approximant 1 « articulatorily heterogenous © ach boriod has & slosed phase (the
Voiced post-alveolar flap T + variety of manner and place artiulators are in contact; light area,
Voiced post-alveolar approximant 1 phasle_ ghiﬂrl\cula(uﬁ%are slightly
Voiced uvular trill R . apart; dark area, ca. 25 ms)
* Phonological patterns « Each cycle (ca. 50 ms)
Voiced uvular approximant ¥ * 20 of these cycles in a ssecond
* syllable structure Dt v ot
Voiced dental or alveolar lateral flap 1 . elose to the nucleus ina a frequency of vibration is 20 Hz.
« 75%of all languages contain a rhotic sound. consonant cluster A L o
+ most of themassingle /r/ + merger with contiguous Apicaltrills in Finnish kauran ‘oats (gen)’ and Spanish, Swedish
+ 18%of them have 2 or 3rhotics. Russian porok ‘threshold” + 25 Hz (range 13-33 Hz, 5.d. 4.5)

vowels
+ multiple rhotics are common in the Australian
language family.
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Uvular trills

Delattre (1971)
Frames traced from x-ray films

e TR

. L‘\Zj T T
T AT YT
— 2 ~F =\l

+ The sccond frame in cach row shows reraction of the tongue.
The third

Ras ‘bread’ in Swedish

the tongue root followed by tongue body raising and fronting
of the uvula,

R a
7T 00306 400 50003 700 000 260 560 400 500 6.

2024/11/04

Taps and flaps

Articulation of taps and flaps
+ asingle short closure

+ generally apical

* both are coronals

+ Ladefoged (1968) proposes a
distinction between the two terms.
« aflap has a brief contact between the
articulators

« atapis made by moving an articulator
towards the roof of the moutl

Acoustics

1

e

o
6100 265 300 200 360 07100 200 300 400 300 ms

Peninsular Spanish  Peru Spanish
(female)

Meetings 2 & 3

Meeting 2
10 am -5 pm (Sat) Oct 5, 2024
* Presentations

* Ai Mizoguchi

* Priyankoo Sarmah

* Naoki Ueta

* Cedric Patin

* Please send me atitleand a
blurb (100 words) by August
15, 2024.

Alternate start time:
12:30pm

Meeting 3

10 am - 4 pm (Fri) Feb. 28, 2025

* Maho Morimoto

* (TBA)

* Presentations about the liquids

* Please send me atitleand a
blurb (100 words) by January
15, 2025.
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PhonTyp Phase 2
May 24, 2024 @ AA-ken, Tokyo

An initial review of the
acoustic and articulatory
analyses of liquids

Julian Villegas (Aizu)
Jjulian@u-aizu.ac.jp
Seunghun J. Lee (ICU, IITG)
seunghun@icu.ac.jp

Goals

* Reviewing studies about liquids (rhotics and
laterals)
* Acoustics
* Articulation
* Perception
* Statistical models

*Sources from JASA, IEEE, ACM, and Google

Target languages in liquid studies

English varieties World languages
* American English senast 17 Pt 2 omens ko * Tamil iNerayanan & Byrd &Kaun 1999, Nerayanan et al. 1996)

« British English wes s regmon 2 * Japanesetegamine 024
* Brazilian Portuguese (Howsonetal. 2022)
+ Scottish English s e
* Korean (espinaetal 2020)

+ British Asian English tewnsvemaanrs + Upper Sorbian (Howsen kochetov2020)

+ Australian English « Slovak eeius

* Russian vangachen2019)
* Mandarin Chinese (vangachen2019)
* Scottish Gaelic (ance &kirkham2022)

Articulatory studies

. L Howson etel. 2022, al
2018, Honson & Kochetov 2020, Nance & Kikham 2022) Uttrasound, EPG, MRI,
EMA are commonly
. (EPG) (Awan et . 1967, st 1999, N « 8 !
al.1997) used to investigate the
articulation of liquids.

« Magnetic resonance imaging (MRI) (Auwan ot . 1997, Narayanan ot
o, 1995, Narayanan et a. 1996, Naryanan e al. 1997)

« Electromagnetic articulography (EMA) (west 1899, Scelayot ol
2022, Espinal et &, 2020)

« Palatography (Nerayanan et a. 1999, Narayanan et . 1896)

* Electromagnetic Midsagittal Articulometer (EMMA)
(Narayanan et . 1999, Narayanian e o, 1996)

« realtime MRI ('tMRI) (Proctoretat. 2019, Harper et a. 2020)
« Electromagnetometer (Beus2014)

* biomechanical simulations (Artisynth) (Howsonetal. 2022)

Ultrasound
(Howson & Kochetov 2020)

Posero- | o
z $ b\nm

- 130 100 80 60

Onset Intervocalic Coda

50 70 40 50 40

« Tongue retraction in the
coda position

<120 100 80 60 20 100 80 60 120100 60 60

Electropalatography, EPG i e

(Narayanen et al. 1997) o
¥ AT
il C s

+ Four speakers:
*+ solid AK, dashed PK, dot-dashed MI, dotted SC

* The region about

1.5-2.5 cm from the lips is the alveolar region,

2.5-6 cmis the palatal region,

6-8.5 cmis the velar region,

8.5-13 cmis the uvular and upperpharyngeal region,
13-15 cmis the lower-pharyngeal region

MRI

(Narayanen et al. 1997) S o @ e

Tisht 71, MD “
3 VT wvs

Lie
OPENING rostorion tontue
ERIERAC -

CHANNELS

s et 110 - yy—

e e

EMA

(lateral vocalisation, Szalay et al. 2022)

* Lingual articulation was
(rac ed with TT, tongue body,

gﬁ‘[‘a(eraﬁ sensor§ attaaQed

to'the tongue.

* Sensors were attached to the
upper and lower lips to track
lip-aperture and lip rounding.

* One sensor was attached to
the gumline elow the lower
incisor to measure jaw
movement.

[
02 N * Reference sensors were

6,2 Qe e Tt o v e atached tothe nasion and to
oo closure, " jeates mereased dest the left- and right mastoid to

of incomplete closure,

track head movement

Articulatory findings: Rhotics

+ Tongue tip and tongue body
* Retraction of tongue body (Alwan ot al. 1987, West 1999, Befus 2014)
+ tongue tip raising, tongue tip constriction, no medial closure (Befus 2014, Narayanan et al. 1999)
«  pit-like cavity in the middle of the tongus body, more complex tongue shape (Narayanan ot al. 1996)
* Labalization (West 199)

+ Speakervariation

2015)

+ Syllable position

2019)

. the coda /i, F3; (Lawson et
al. 2018)
* Uvular rhotic in Sorbian




Articulatory findings: Laterals

* Tongue shape

« closure the al. 1999)
« tongue tip raising and tong dorsum retraction (Befius 2014)
« [ijin Tamil is apical (Narayanan et al. 1996)

* Speaker variation

« Asian British English speakers: an anterior constriction; Anglo British English speakers more
posterior or retracted tongue dorsum. (Kirkham & Wormald 2015)

+ Syllable positions

« onsets are initiated by tongue tip closure, followed by tongue body constriction; coda laterals are
produced reversed (Proctor et al. 2019)

« onsetlateral in Brazilian shows inthe alveolar, and tongue
body constriction in the back of the mouth 1 cod ateraln BP: lack of tongue tip gesture,
retraction and raising of tongue body (Howson et al. 2022)

10

Acoustic results

Rhotic Lateral
+ anticipatory and perseverative coarticulation (West + anticipatory and perseverative coarticulation (West
1999)

1999); /¢/ and /U distinction was less marked higher F3
for thotics, higher F2 for laterals (Espinal et al. 2020)
lower F1 and higher F2 in British Asian speaker than
Anglo speaker (Kirkham & Wormald 2015)

+ tateralvs. rhotics in F3, only adults distinguish /1

+ /r/and /U distinction was less marked higher F3 for

thotics, higher F2 for laterals (Espinal et al. 2020)

from rhotic with a lower F2 (Howson & Redford 2021)
+ Korean L2 speakers have lon;
durational contrast betw

or duration, but the
n the liquids was similar

to L1 English (Espinal & Thampson & Kim 2020)

in pre-lateral environment, spectral properties of
AusE vowels change (lowering and backing) (Szalay
etal. 2021)

increased F1 and decreased F2 in Vs before /U codas
(Szalay etal. 2021)

13

Statistical methods

* Linear Mixed Effect Models

* Generalized Additive Model (GAMM) Static formant values were normalized for vocalic tract

for ultrasound data (Nance & Kirkham length singa modified bark diference metric (Syrdal &
2022) y

* Vocal Tract Normalization (Howson
& Redford 2021)

scale using the Kendall and Thomas (2018) vowels

* Principle Component Analysis (PCA) package in R (R Core Team, 2019).

- Normalized F1 and F2 values were then calculated by
for ultrasound data (Nance & Kirkham

values from the bark-transformed F3 (= Z3) values.
2022)

* terprtation

2024/11/04

Acoustic Studies

* Praat (Lawson etal. 2018, Harper etal. 2020, among others)

+ Time frequency analysis software based on linear predictive coding (LPC)
analysis (Espinal & Thompson & Kim 2020)

+ Random forest classification (Szalay et al. 2021)

+ Hierarchical cluster analysis (Szalay et al. 2021)

Acoustic parameters: Rhotics and laterals

* Formants
* lowered F3 (West 1999)
« F1,F2,F3, F4 (Lawson etal. 2018)
« higher F2 and F3 (Kirkham & Wormald 2015)
« first three formants (spajié et al. 1996), F2 = F1 (iskarous & Kavitskaya 2010, Howson 2018), whole

‘spectrum analysis (iskarous & Kavitskaya 2018), and SSANOVAS fitted to the first three formants
(Howson 2018). (Nance & Kirkham 2022)

* Nance &Kirkham 2022

« F2-F1and F3 - F2 at 80% duration of the word-initial rhotics
« F2-F1and F3 - F2in the vowel Lrhotics at

vowe! preceding word-final rhotics at 80% duration of the vowel

the vowel, and in the

* Nagamine 2024

+~(1) the distance between second (F2) and first (F1) formants (F2-F1) and (2) the third formant (F3)
F2-F1is used as a measure to evaluate acoustic liquid quality;

11
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Factors of variability

Rhotics Laterals
« Articulatory variable « Perception
* oral constriction [middle part of the tongue body, * Individual variation in the /U perception (Szalay et

ortongue tip/blade] (Alwan et al. 1997) at2022)

+ articulatory variability in Am Eng; also F3

variability (Harper ot al. 2020) « Articulation

.+ uvalar thotic in Sorblan (Howson & Kochetov + Variability in midsagittal tongue contours
2020) (Narayanan etal. 1997)

Sociolinguistic variable

+ ethnic groups (Kirkham & Wormald 2015)
+ socialclass (Lawson etal. 2018)

Perception studies

* Perception tasks

« forward-gated audiovisual speech prediction task (Howson & Redford 2021)
« forced choice listening task (Lawson et al. 2018)

* perceptual assimilation task (PAT) identification+ similarity rating (Yang & Chen
2019)

* perceptual discrimination task (PDT) AX paradigm, same or different (Yang &
Chen 2019)

* Results
« variation in perceiving lateral vocalization (Szalay et al. 2022)

14
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Conclusion

* Reviewed the cross-linguistic realization of liquids (Ladefoged &
Maddieson 1996)

« Articulatory results show variabilities in syllable-internal positions
as well as language-specific variation.

* Acoustic results mainly report the change in formant values
preceding or following liquids (laterals and rhotics).

* Other work will be reviewed in coming months.
+ JIPA, JPhon, Phonetica, ICPhS etc.
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Goals

* Contextualizing the typology of lateral fricatives in Southern Bantu

languages

* Providing phonetic details of the lateral fricatives of seven

Southern Bantu languages collected through our field research

* Exploring their cross-linguistic (and intra-linguistic) variation from

phonetic typological points of view

Typological overview of Lateral Fricatives in

Southern Bantu

Target languages of this study
* Niger-Congo

* Atlantic-Congo

+ Benue-Congo
« Bantu
+ Eastern Bantu
* ZoneS
* N. Sotho [S32]
+ S. Sotho/ Sesotho [S33]
« S. Ndsebele [S407]
+ Xhosa [S41]
* Zulu[S42]
* Swati [S43]
« Tsonga [S53]

Guthrie (1967: 65)

Typological overview of Lateral Fricatives in
Southern Bantu

Phylogenegtic features of Zone S languages (cf. Grollemund et al. 2015)
- = (A 3 r

Fig 1. Consensus time tree of n=424 Bantu languages
the consensus time tree (Fig 1)

\

Fig 2. Ancestral migration route reconstgucted on
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Typological overview of Lateral Fricatives in
Southern Bantu

Fricatives in Bantu (Shinagawa and Lee 2022)
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Typological overview of Lateral Fricatives in
Southern Bantu

Tentative ty i isation and Lee 2023)

Distribution of the voice and voiceless lateral
fricatives in different phonological environments

. Alanguage that has a voiced lateral
fricatives in its phonemic inventory, it must
also have a voiceless ateral fricatives and [T] 3]

notvice versa.

Inalllanguages that allow both Lateral #RL_V.V N #RL V.V N |

fricatives, a voiceless lateral fricatives Venda [S21] 0.00 ]0.00 |0.00 0.00 |0.00 |0.00
N.Sotho[S32]  |0.53 |0.47 |0.00[0.00 [0.00 [0.00

»

occurs more frequently than a voiced
counterpart.

Typological overview of Lateral Fricatives in
Southern Bantu

Tentative typological generalisation (Shinagawa and Lee 2023)

Distribution of the voice and voiceless lateral

1. Alanguage that has a voiced lateral fricatives in different phonological environments

fricatives in its phonemic inventory, it must

also have a voiceless lateral fricatives and ™ 3]

notvice versa. [ V.V [N_ [#R[ V.V [N_
[Venda[s21]  [0.00 |0.00 [0.00[0.00 [0.00 [0.00 |
N. Sotho [S32] 0.53 |0.47 |0.00[0.00 [0.00 [0.00 |
S.Ndebele [S407] [0.46 |0.18 [0.00(0.04 [0.14 |0.18
Xhosa [S41] 020 |0.40 [0.00[0.07 [0.07 |0.27
Zulu [S42] 022 |0.33 (011011 [0.06 |0.17
Swati [S43] 028 |0.17 (047011 [0.06 |0.22
Tsonga [553] 042 |0.26 [0.16]0.05 [N/A |0.11

3. Insomelanguages, there is a positional | S- Ndebele [5407] [0.46 |0.18 [0.00(0.04 [0.14 [0.18
< Many of the Bantu languages (esp. NW, CW, CE) have a rather simple system of fricatives, restriction that a voiceless lateral fricatives |Xhosa [S41] 020 |0.40 [0.00[0.07 [0.07 |0.27
typically labial and coronal fricatives with or without voice contrast oes not occur ina post-nasal position. 12wy 022 1033 To11 To11 To0s o7
o F hical viewpoint, S Ian e e e nof 4. Inalllanguages that allow both lateral
ﬁ’z;“n:egmgmp ical viewpoint, 3¢ guages te o fricatives, voiced lateral fricatives show  |Swati [S43] 0.28 [0.17 [0.17[0.11 [0.06 [0.22
preference to occur in post-nasal positions. Tsonga (53] 042 [0.26 (016005 [N/A |01
Typological overview of Lateral Fricatives in Typological overview of Lateral Fricatives in
Southern Bantu Southern Bantu
Tentative typological generalisation (Shinagawa and Lee 2023) Tentative typological generalisation (Shinagawa and Lee 2023)
Distribution of the voice and voiceless lateral
If a language has a phonemic voiced lateral fricative, it also has a voiceless fricatives in different phonological environments
counterpart. T (6] ] 3]
nolF >/ S, B/ #RL_JV.V N [#RL V.V N 2. Inall languages that allow both lateral FRL VLV N RRL V.V N |
Venda |N.Sotho |S. Ndebele Venda [S21] 0.00 |0.00 [0.00]0.00 [0.00 [0.00 fricatives, a voiceless lateral fricatives | Venda [521] 0.00 0.00 [0.000.00 [0.00 [0.00
[s21] [s32] [S407], N. Sotho [S32] 0.53 [0.47 [0.00[0.00 [0.00 [0.00 UCC”;S’"°:‘9"e““e"“‘/‘“a"a"°'ce" N. Sotho [S32] 0.53 [0.47 [0.00[0.00 [0.00 [0.00
o counterpart.
(Tswana |(Copi |Xhosa [S41], S.Ndebele [S407] [0.46 |0.18 [0.000.04 |0.14 [0.18 i S.Ndebele [S407] [0.46 |0.18 [0.00(0.04 [0.14 |0.18
[s31)  |1S61])  |zulu[s42], Xhosa [S41] 020 [0.40 [0.00[0.07 [0.07 [027 Xhosa [S41] 020 |0.40 [0.00[0.07 [0.07 |0.27
Swati [$43], Zulu[S42] 0.22 [0.33 [0.11[0.11 [0.06 [0.17 Zulu[S42] 0.22 [0.33 [0.11[0.11 [0.06 [0.17
Tsonga [S53] ‘Swati [543] 0.28 [0.17 [0.17 011 |0.06 |0.22 Swati [S43] 028 017 [047[0.11 |0.06 |0.22
Tsonga [S53] 0.42 0.26 |0.16]0.05 [N/A [0.11 Tsonga [553] 042 |0.26 [0.16[0.05 [N/A |01




Typological overview of Lateral Fricatives in
Southern Bantu

Tentative typological generalisation (Shinagawa and Lee 2023)

Distribution of the voice and voiceless lateral

In a language where both fricatives in different phonological environments

voiceless and voiced lateral E ]
fricatives are present, voiceless [FRL_[V.V [N_ [#R[ V.V [N
lateral fricatives tend to appear

more frequently than the voiced

Venda [S21] 0.00™ [0.00 [0.0070.00 [0.00™ [0.00|
N. Sotho [S32] 0.53 |0.47 |0.00J0.00 [0.00™ [0.00

counterpart. S.Ndebele [5407] [0.46 |0.18 [0.00[0.04 [0.14 |0.18
Inall languages with both lateral fricatives, | X052 [S41] 020 |0.40 ]0.00J0.07 |0.07 |0.27
more than 0% of occurrences in our Zulu (542] 022 {033 011 [0.11 006 [0.17
sample tokens are voiceless, .., S. Swau 5431 555 1037 1077 o7 1006 1032
Ndlebele 64%, Xhosa 60%, Tsonga 84%,

Swati 61%, Zulu 67%. Tsonga [553] 042 {026 [0.16 [0.05 |[NA [0.11
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Typological overview of Lateral Fricatives in
Southern Bantu

Tentative typological generalisation (Shinagawa and Lee 2023)

Distribution of the voice and voiceless lateral
fricatives in different phonological environments

U] (5]

#RL V.V [N_ [#R[ [V.V [N

Venda [S21] 0.00 [0.00 |0.00[0.00 [0.00 [0.00 |

N. Sotho [$32] 0.53 |0.47 [0.00{0.00 [0.00 [0.00

3. Insome languages, thereis a positional |- Ndebele [S407] [0.46 [0.18 [0.00{0.04 [0.14 [0.18

restriction that a voiceless lateral fricatives | Xhosa [S41] 020 |0.40 [0.00[0.07 [0.07 |0.27
does not ocourina post-nasal position. 17 re oy 022 |0.33 [0.11]0.11 |0.06 |0.17
Swati [543] 028 [0.17 [0.17[011 [0.06 |0.22
Tsonga [S53] 042 [0.26 [0.16]0.05 [N/A_ |01

Typological overview of Lateral Fricatives in
Southern Bantu

Tentative ty i isation

and Lee 2023)

If a language allows a voiceless lateral fricative to occur in post-nasal positions,

italso occurs in stem-initial ] (5]

and inter-vocalic positions. #R[ |V.V [N_ |#R[ |[V.V [N
N-4/ disallowed
N.Sotho [$32]
S. Ndebele [$407]
Xhosa [$41]

Venda [S21] 0.00" [0.00 [0.000.00 [0.00 [0.00 |
N. Sotho [S32] 0.53 |0.47 |0.00[0.00 [0.00 [0.00
S.Ndebele [5407] [0.46 |0.18 [0.000.04 [0.14 |0.18

N allowed Xhosa [S41] 020 |0.40 [0.000.07 [0.07 |0.27
Zulu[$42] Zulu[S42] 022 |0.33 [0.171[0.11 [0.06 |0.17
Swati [$43] Swati [$43] 028 |0.17 [047[0.11 [0.06 |0.22
Tsonga [$53] Tsonga [S53] 042 |0.26 [0.160.05 [N/A [0.11

Typological overview of Lateral Fricatives in
Southern Bantu
Tentative typological generalisation (Shinagawa and Lee 2023)

Distribution of the voice and voiceless lateral
fricatives in different phonological environments

1 (3]
#R[ V.V [N_ [#R[ V.V [N_
Venda [521] 0.00 [0.00 [0.00{0.00 [0.00" [0.00 |

N. Sotho [$32] 053 |0.47 [0.00[0.00 [0.00 [0.00
. Ndebele [5407] |0.46 |0.18 [0.00(0.04 [0.14 |0.18

Xhosa [S41] 020 [0.40 |0.00[0.07 [0.07 |0.27
4. Inalllanguagesthat allowboth ateral |22\ 1542] 022|033 |0.11]0.11 0.06 |0.17
fricatives, voiced lateral fricatives show Swati [S43] 0.28 |0.17 |0.17(0.11 [0.06 |0.22
preference to occur in post-nasal positions. [ Tsonga (53] 042 026 To.16]0.05 TNA o1
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Typological overview of Lateral Fricatives in
Southern Bantu

Tentative typological generalisation (Shinagawa and Lee 2023)

The number of occurrence of

voiced lateral fricatives in the Q] 3]

post-nasal position exceeds that #R[ V.V IN_ |#R[ V.V |N_

in all other phonotactic Venda [S21] 0.00 [0.00 0.00[0.00 [0.00 [0.00 |
environments. N. Sotho [S32] 0.53 [0.47 [0.00]0.00 [0.00 [0.00
What may be directly suggested by this S.Ndebele [5407) [0.46 |0.18 [0.000.04 [0.14 [0.18
tendency is that lateral fricatives may also [ Xnosa [541) 020 [0.40 [0.00[0.07 [0.07 [027
be the target of voi triggered by

theprecgdwnghomorgan\cnasal.l.e..pos!r Zulu [S42] 0.22 {0.33 |0.11§0.11 |0.06 |0.17
nasal voicing as a typical segmental Swati [$43] 0.28 [0.17 |0.17]0.11 |0.06 |0.22
process of Bantu phonology. Tsonga [S53] 0.42 [0.26 |0.16]0.05 |N/A |0.11

Phonetics of the voiceless lateral
fricative

Exploring phonetics of the voiceless lateral
fricative

« After identifying voiceless lateral fricatives [{] in
target words, examine the phonetic characteristics.

*How is the [1] in seven Southern Bantu languages
phonetically realized? Are they similar or different?

14
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voiceless alveolar lateral fricative in Welsh
(Ball and Miiller 1992)

« after an initial voiceless stop

« initial and medial [1] is twice as long as [U], and it has no
naticipatory voicing

« [] has a higher F2, and noise concentration in the range of 5000 —
7000 Hz

Trile 3,10 Weords illusteating laterals in Wiish {from Thomes 1992)

FRCITE v

APFROXIMANT VOICELESS APRROXMANT
fall’ lom ac s pretty”
mile xwildro “revoludion’ Klist ear

R ——

Lateral consonants in

P

m

w 2 g

Zulu (L&M 1996: 204-206) o N

* Five lateral sounds
« Ot b1 kil
* Voiceless lateral fricative

+ less energy in the region below 2000 Hz
than fricative portion of [KL]

* The voiced [B]
« has a similar noise spectrum to [t}],
+ but lower amplitude in voicing than [U,
an

* lacks strong low frequency.

o
[ B ey
i

alais e Fewiie .

17
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Data collection Annotation oo e — Data processing
« Fieldwork between December 2022 to March 2024 in various parts - S 2 ) ) o ) )
of South Africa (JSAntu grant: ) * Preceding vowel = ' 1 * Using a Praat script (DiCanio 2021), extracting the first
ol \ (! four spectral moments from fricative spectra.
N . ) i
* Words with [1] from the Swadesh list recordings of seven « Target consonant [1] L e
languages (n = 2620) 150 [ NS « The discrete Fourier transforms (DFTs) are averaged
. ult e i tire. n
Longuogs | Neospeakers | V. oftams | N f tokens | Avgtokenperitom | « Following vowe! using time-averaging (Shadle 2012).
Northern Sotho 8 14 438 31.3 uifimdal loinhle * Within time-averaging, a number of DFTs are taken from
Sesotho 9 10 358 35.8 good student. across the duration of the fricative. These DFTs are averaged
Xitsonga 10 14 303 21.6 « Data was annotated using a Praat ), underlying, target, e for each token and then the moments are calculated.
SHURETNAEEEE) 12 19 886 EE script that automatically saved * The analyzed duration of the fricative is always equivalent to
- . any changes upon advancing (or SWOSLRSSHI the center 80% of the total duration, cutting off the
iswati 8 16 540 338 retracting) to the another SSW202302172 transitions.
isiXhosa 1 10 40 4.0 recording.
isizulu 1 15 55 a7
SSW = Siswati, NBL = S. Ndebele, NSO = N. Sotho, SOT = Sesotho, TSO = Xitsonga, XHO = Xhosa, ZUL = Zulu |We would like to thank Haseru Ida, Takaki Yanagida, lzumi Cook for annotating the date at a short notice. DiCanio, Christian (2021) Time_averaging forfricatives 4.0.praat

19 20 21

Acoustics of fricatives Results: duration Results: intensity
« duration B e T * Descriptive Statistics « Descriptive stats
« intensity thin line: mean 1 kHz, positive skewness 4.0 * min =39 ms 03 * min =30.28 dB 70 I

thick line: mean 4.5kHz, negative skewness -1.2 * max =380 ms * max = 70.95 dB (outlier in TSO)
* median =126 ms * median =48.41dB ‘

c
S
* Four Spectral Moments (Forestet  § w * mean =130 ms € o2 | I + mean=48.12dB
al. 1988) £ ° /\ /
X M 3 1
* centre of gravity (co H i i O \ i i
+ standard Eevigién (gs)dev) i * Alinear mixed effect model | < \ « Alinear mixed effect model “ == %
i * No significant difference in \ | : 1 [
+ skewness (skew) " | \ * XHO and ZUL have (marginally) :
. . 020 30 40 B0 62 10 w2 s0 ::’:)enguar?etgjtnoqasgaseline significant difference from SSW o oW NEL N0 ST Ti0 <ozl
kurtosis (kurt) . ouning lan, Ea e (SSW) SSW NBL NSO SOT TSO XHO ZUL + Caveat: only 1 female speaker in language
similar means and skewness, but guag 3 language each language

thin line: kurtosis -0.7 (diffused peaks)
is 6.7

thick line: kurtosis 6.
SSW = Siswati, NBL = S. Ndebele, NSO = N. Sotho, SOT = Sesotho, TSO = Xitsonga, XHO = Xhosa, ZUL = Zulu

22 23 24

thin line:
mean 1kHz,
. . . .. . AN positive skewness 4.0
Results: centre of gravity Results: standard deviation Results: skewness ~ hickline:
(outliers (n = 10) removed) mean 4.5kHz,
w st e pegative skewness -1.2
« Descriptive stats | « Descriptive stats . « Descriptive stats 5
* min =499 Hz 2500 I * min=293.2 4000 [ 1 + min=-0.93 + 1
* max=9227 Hz i o * max=4640.2 N H * max=4.86 I T +
* median = 4283 Hz @ 5000 « median = 2844.7 , 3000 E * median =0.85 3 i i .
« mean = 4403 Hz Eh + mean = 2856.7 3 + mean =0.95 B i
2000 g
! | I
. 5 2500 : . . .
« Alinear mixed effect model ‘ ‘ « Alinear mixed effect model 1000 . * Alinear mixed effect model = $
1 3
tinear mixed L e e = . : !
NBL, NSO, SOT, TSO (p < 0.01) SSW NBL NSO SOT T80 xto ZUL significantly lower in NBL, SOT SSW NBL NS0 soT T80 ozt in B
than SSW. language TSO (p < 0.01) than SSW. language NBL, NSO, SOT, TSO (p < 0.01) SSW NBL NSO SOT TS0 XHO ZUL
than SSW. anguage
SSW = Siswati, NBL = S. Ndebele, NSO = N. Sotho, SOT = Sesotho, TSO = Xitsonga, XHO = Xhosa, ZUL = Zulu SSW = Siswati, NBL = S. Ndebele, NSO = N. Sotho, SOT = Sesotho, TSO = Xitsonga, XHO = Xhosa, ZUL = Zulu SSW = Siswati, NBL = S. Ndebele, NSO = N. Sotho, SOT = Sesotho, TSO = Xitsonga, XHO = Xhosa, ZUL = Zulu

25 26 27
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Results: kurtosis

(13 outliers with kurtosis over 30 were excluded)

similar means and skewness, but
thinUne: kurtosis 0.7 (diffused peaks)
thick line: kurtosis 6.7

« Descriptive stats
* min=-1.58

* max=24.76 257

* median = 0.82
* mean=1.76

* Alinear mixed effect model
in NBL,
SOT, TSO (p <0.01) than SSW.

L

0f . o+t
oo
i
[
H—.
i !
H
i‘ ‘
SSW NBL NSO SOT TSO xHO ZUL
language

SSW = Siswati, NBL = S. Ndebele, NSO = N. Sotho, SOT = Sesotho, TSO = Xitsonga, XHO = Xhosa, ZUL =Zulu

Results Summary

+ Compared to other languages,
the [] in SSW has lower cog and
standard deviation, and higher

* Cogis significantly lowerin
NBL, NSO, SOT, TSO (p < 0.01)
than SSW.

skewness and kurtosis. . N
in NBL, SOT
« The [{] in NBL, SOT, TSO, NSO TSO (p <0.01) than SSW.
does not show much difference . is signifi i
in the spectral moments of in NBL, NSO,

fricatives. SOT, TSO (p < 0.01) than SSW.

in NBL,
SOT, TSO (p <0.01) than SSW.

SiSwati (SSW) and Southern Ndebele (NBL)

SSW and NBL Follow-up questions
 Both languages are Nguni * How different is the acoustic
languages. cues of [1]in these two

« Both languages are spoken in languages?

the Mpumalanga Province in
South Africa.

SSW = Siswati, NBL = S. Ndebele, NSO = N. Sotho, SOT = Sesotho, TSO = Xitsonga, XHO = Xhosa, ZUL =Zulu
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Siswati (n=540) and S. Ndebele (n=sss)

Siswati (n=540)and S. Ndebele (n=sss)

centre of gravity standard deviation

" \ T \ 0 0

x
El ™1
.
8
i
NBL

sdev

2500
1000

ssw NEL ssw séw NBL séw NBL
language language

Siswati (n=540) and
S. Ndebele (n=ss6)

skewness kurtosis
o T " I C
2
N : 20
3 .
. ! 15 1 '

i [ B i
3 I £ H I |

! F’ s : ‘

' = ! % L

. o] == ==

ssw NEL ssw NEL ssw NEL ssw NBL
language language

S. Ndebele shows positive skewness. S. Ndebele has larger kurtosis (less diffused)

(= lower frequencies have larger amplitude)

32

duration
‘meaningful intensity
H L [ H I L

. : o

' H !
g0z i =
g % 50 ’:

. . . . 0 .

sSw NEL sSw NEL ssw y NEL
language language

Discussion
Articulation Fricative inventory

« Higher centre of gravity (cog) in
Siswati suggests that [{] may
be articulated closer to the
alveolar region

« in other languages, [{] may be
produced further back in the
alveo-palatal region.

« Ultrasound studies may be
used to reveal the differences.

* The fricative inventory between
SSW and NLB are similar.

* Siswati
“ st hh
“vz,53h

* S. Ndebele
© st
“vzBh

Thank you!
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