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La voyelle apicale en Chinois Jixi-Hui : phonologie et phonétique

Les langues chinoises ont un ensemble de segments appelés « voyelles apicales »
( i en chinois). Leur nature exacte est a l@rigine d@n débat toujours en
cours : Sa@git-il de consonnes ou de voyelles ? Les « voyelles apicales » ont été
analysées dans des études précédentes comme étant de véritables voyelles, des
voyelles fricatives, des fricatives syllabiques, ou des approximantes syllabiques.
Cette these porte sur la voyelle apicale attestée en chinois Jixi-Hui. J&xamine ce
segment dan point de vue phonétique et phonologique et montre qud est mieux
défini comme une consonne fricative voisée (transcrit / z/ }J

Phonologiquement, ce segment est un phonéme distinct de /i/ . Il est exclusivement
attesté en position de noyau de syllabe ou il constitue une unité porteuse de ton. Il
peut apparaitre non seulement aprées les sibilantes coronales /s ts ts@, mais aussi
les bilabiales /p p@ et les nasales /m n/. Phonétiquement, les caractéristiques
acoustiques et articulatoires de ce segment sont examinées. Les résultats montrent
que / z/ Wontient dans la majorité des cas un bruit de friction dans sa phase initiale,
superposé sur du voisement, avec une structure formantique plus claire apparaissant
vers la fin. Les analyses du rapport harmonique/bruit et du taux de passage par zéro
confirment cette présence significative du bruit de friction, distinguant clairement ce
segment des voyelles. Les généralisations en SS ANOVA des données
ultrasoniques montrent que / z/ va une forme de langue presque identique a celle de
/sl sur les plans mi-sagittal et coronal, malgré quelques différences spécifiques a
chaque locuteur. Cette forme de langue reste constante dans les contextes
consonantiques bilabiales et alvéolaires.

La variabilité dans la facon dont / z/ ¥st phonétiquement implémentée est considérée
comme étant la conséquence de deux contraintes en interaction : une contrainte
structurelle liée au statut distinctif de /z/vet au role qudl joue dans la structure
syllabique, et une contrainte physique liée a lncompatibilité entre le voisement et le
bruit de friction. L&tude souligne également la nécessité de reconnaitre les fricatives
syllabiques en chinois Jixi-Hui, et probablement aussi dans d@utres langues
chinoises.

Mots-clés : Voyelle apicale, Chinois de Jixi, acoustique, ultrason, bruit de friction, fricative
syllabique.



The apical vowel in Jixi-Hui Chinese: phonology and phonetics

Chinese languages have a set of segments known as 6 api cal ( v o weih s 6
Chinese). Their exact nature is still the source of an ongoing debate: Are they
consonants or vowels? 0 p\i ¢ a | havenbedn sadalysed in previous studies as
genuine vowels, fricative vowels, syllabic fricatives, or syllabic approximants. This
dissertation is concerned with the apical vowel attested in Jixi-Hui Chinese. |
examine this segment from phonetic and phonological perspectives and show that it

is best defined as a voiced fricative consonant (transcribed / z/ Y

Phonologically, this segment is a distinct phoneme from /i/ . It is exclusively attested
in syllable nucleus position where it constitutes a tone-bearing unit. It can appear not
only after coronal sibilants /s ts ts"/, but also bilabials /p p"/ and nasals /m n/.
Phonetically, the acoustic and articulatory characteristics of this segment are
examined. The results show that / z/ Wontains in the majority of cases frication noise
in its initial phase superposed on voicing, and a clearer formant structure appears
towards its end. The harmonic-to-noise ratio and zero-crossing rate analyses confirm
this significant presence of noise, clearly distinguishing this segment from vowels.
The smoothing-spline ANOVA analyses of ultrasound data show that / z/ ¥ias a near-
identical tongue shape to /s/ on both mid-sagittal and coronal planes despite some
speaker-specific differences. This /s/-like tongue shape is constant in bilabial and
alveolar consonantal contexts.

The variability in the way /z/vis phonetically implemented is argued to be a
consequence of two interacting constraints: a structural one related to the distinctive
status of / z/ vand the role it plays within syllable structure, and a physical one related
to the incompatibility of voicing and frication. The study further argues for the
necessity of recognizing syllabic fricatives in Jixi-Hui Chinese and probably also in
other Chinese languages.

Key words: Apical vowel, Jixi-Hui Chinese, acoustics, ultrasound, frication noise, syllabic
fricative.
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Chapter 1
INntroduction

Ask yourself: Why do we talk about “instead of” and “versus” all the time?
Why do we partition the world into pairs, contrasting, for example, the
genotype and the phenotype, the discrete and the continuous, the individual
and the collective, the orderly and the random, the qualitative and the
quantitative, the internal and the external, the persistent and the changing,
the gradual and the abrupt, the reductionist and the holist—and yes, the
certain and the uncertain. The list goes on and on. It is pretty obvious, one
intuits, that both represent polarized extremes, and that reality must lie
somewhere in between. One might even say that we categorize things and
ideas in this polarized fashion in order to be sure that what we are really after
will be captured in between. One might even say that all science is about the
in-between. One might, indeed. Few have.

J. A. Scott Kelso (2005)
Vowel-consonant dichotomy is a cardinal distinction in the study of speech sounds.

Researchers in phonetics and phonology use these notions as if they were obvious
and self-evident, despite the fact that different criteria are applied within different

approaches. These approaches generally | e a:
(O6connor & Trim, 1953) tThisdissertaionsseoncmea| yt i c a
with one type of these O6dubiousdé sounds: api
Chinese languages are known t ol hanChineseapi cal

Their exact nature is still the source of an ongoing debate: Are they consonants or
vowels? Their phonetic nature suggests that they are sibilant or fricative consonants,
but they phonologically pattern with vowels. This dissertation is about the apical
vowel attested in Jixi-Hui Chinese , a language of Hui group spoken in
southern Anhui I examine this segment from phonetic and phonological
perspectives and conclude that it is best defined as a voiced fricative consonant
(hereafter transcribed /z/Yy/ Furthermore, | will argue for the necessity of syllabic
fricative consonants in Jixi-Hui Chinese (JHC) and probably also in other Chinese
languages.

The existing literature on apical vowels is in majority based on Standard Chinese
(SC). The terminology proposed for this set of segments was coined based on the



description o f this | anguage (Karlgren, 1915) .

attested in SC ([b] and [ B] in non-IPA notations) and occur only following alveolar
sibilants. These two sounds are in complementary distribution with [i], and are
naturally analysed as allophonic variants of this vowel. Trubetzkoy (1969: 171)
described them @ tymenot vowet with laymuch $essed degree of
aperture and with a much more fronted position of articulation than, for example, /, so
that a frictionlike noise resembling a humming is audible in its production. 0
frication noise is generally argued to be a mere consequence of the homorganicity
between the apical vowels and the preceding sibilant consonants.

The apical vowel in JHC is a typologically interesting case study, as it displays two
structural properties that make it different from the most studied variants in other
Chinese languages: It is a separate phoneme contrastive to /i/ and to other vowels
and it occurs not only following alveolar sibilants but also after bilabial plosives
/p p Q bilabial nasal / m/ and alveolar nasal / n/.

1.1. Aim of the dissertation

This thesis provides phonological and phonetic analyses of the apical vowel in JHC.
On the phonological level, a detailed description of this segment is carried out based
on common principles of phonological analyses: lexical distribution, phonemic
contrast, and function within the syllable. On the phonetic level, two production
experiments are conducted in order to examine the (i) acoustic and (ii) articulatory
characteristics of this segment.

(i) The acoustic experiment analyses various spectral and temporal properties
displayed by apical vowels. The presence or absence of frication noise is analysed
gualitatively, its duration is quantified in different contexts, and its formant structure is
compared to that of vocalic segments. In a following step, focus is put on the frication
noise, as this is the hallmark of apical vowels. Frication noise is examined in different
contexts using Harmonic-to-noise ratio (HNR) and Zero-crossing rate (ZCR), and
furthermore, the nature of the coarticulatory effects between onset consonants and
apical vowels is reported, with a special focus on the labial plosives.

(i) On the articulatory level, apical vowels are investigated using ultrasound tongue
imaging method (Articulate Instruments Ltd., 2012), on both the mid-sagittal plane
and the coronal plane. On both planes, the tongue contours are quantitatively
analysed using the smoothing-spline analysis of variance (SS ANOVA). The general
tongue contours are analysed and different sets of quantitative and qualitative
comparisons are conducted in order to determine the articulatory properties of the
apical vowel and show how they dynamically vary depending on the nature of the
preceding onset consonant.

The presence of apical vowels in Chinese languages has always been related to a
historical vowel /i/ in some stage of the evolution (Zhu, 2004; Zhao, 2007). The
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voiced fricative /z/vin JHC could be one step within this evolution, while in other
Chinese languages an approximant-like sound may be observed. In this dissertation,
| will argue for an extension of the nucleic inventory of JHC from the most vocalic
sounds to nasals, approximants and voiced fricatives. All these segments pattern as
a class defined using the features [+ continuant, + voiced].

1.2. Structure of the dissertation

Chapter 2 introduces relevant concepts and terminologies as the background for this
study. First, | will comment on the vowel-consonant dichotomy to pave the way for
discussing the vowel-consonant continuum and the position of the apical vowel within
this continuum. Then | will present a general review of the phonetics and phonology
of apical vowel s in Chinese | anguages -
Chinese languages.

Chapter 3 provides a thorough description of the sounds of JHC. Its consonantal,
vocalic and tonal inventories are described with a focus on the syllabic consonants. A
phonological description of the apical vowel is provided based on common principles
of phonological analysis, including distributional, combinatory and functional
attributes of the segment.

Following these chapters, two empirical studies will be presented.

Chapter 4 presents the acoustic study. The basic characteristics of the apical vowel
will be analysed, including its duration compared to other syllable nuclei and its
formant frequencies compared to other vowels. A focus will be placed on the nature
of the frication noise and its comparison to sibilant consonants.

Chapter 5 presents the articulatory study. The tongue configurations of JHC / z/ il
be explored based on ultrasound tongue imaging, on both mid-sagittal and coronal
planes. The ultrasound experiment will more specifically seek to determine whether
the shape of the tongue is similar to that of the consonant /s/ or the high vowel /i/ .

Chapter 6 recapitulates the main findings and contributions of this thesis. | will
present an account to explain the variability in the way apical vowels are phonetically
implemented, not only in JHC but also in other Chinese languages. Furthermore, |
will discuss the concept of the vowel-consonant dichotomy versus a vowel-consonant
continuum and the nature of syllable nuclei in JHC. Finally, | will conclude this
chapter by pointing out some unsolved questions and proposing possible avenues for
future research.






Chapter 2
Background: Apical vowel
and the vowel-consonant
dichotomy

2.1. Is the vowel-consonant dichotomy universal?

The distinction between 6 vowel 6 and 6consonant 6 i s a
linguistics. As Pike (1971: 66) pointed out, this division is frequently assumed for
descriptions of single languages, with no attempt to define it. In this section, the
definitions of vowel and consonant are discussed in the light of the mismatch
between their phonological function and their phonetic implementation.

There are two basic approaches in defining vowels and consonants, and the
distinction between the two classes. One is based on phonological behaviour and

function, such as distributional or combinatory facts (Vendryés, 1921; Grammont,

1946; Hjelmslev, as cited in Troubezkoy, 1949: 9619 7 ; O6Connor & Tri m,
other one is based on phonetic observations, describing the acoustic and/or
articulatory facts (Passy, 1906; Sapir, 1921; Bloomfield, 1923; Trubetzkoy, 1969;

Chao, 1980; Ladefoged & Johnson, 2011). The present discussion is essentially

based on these two approaches.

A third approach, which has a functional angle (Nespor, Pefia & Mehler, 2003), can
also be found in the literature. In this approach, the vowel and consonant are
considered different by the division of labour in the lexicon and syntax: the consonant
category conveys information about the lexicon while the vowel category conveys
information about grammar. This functional point of view, which does not involve an
acoustico-articulatory observation, will not be focussed on in the discussion.

2.1.1. Defining vowel and consonant: more than a century of debate

There has been no consensus on the definition of vowel and consonant. The debate
on the fuzzy boundary between the two categories seems to be everlasting since
1890s. When this question is addressed, two approaches are generally found in the
literature.



2.1.1.1. Defining the vowel-consonant categories based on phonetics

The first approach is phonetically based, motivated by acoustico-articulatory
observations. This is the approach adopted by Passy (1906), Sapir (1921),
Bloomfield (1923), Trubetzkoy (1969), Chao (1980) and Ladefoged & Johnson (2011).
This approach has an empirical, bottom-up view. The categories of vowel and
consonant are defined by generalising common acoustico-articulatory specificities of
observed speech sounds.

For Passy (1906) the acoustico-articulatory boundary between vowel and consonant
is not categorical. His definitions of the two sound-units are based on the opening of
the vocal tract and the acoustic character of the sound: a vowel is a musical sound
produced with an open mouth, a consonant is a noise sound produced with a closed
or nearly closed mouth. Adopting this definition makes it almost impossible to find an
exact limit between the two categories of sounds, since the articulatory adjustment
could be insensible from a vowel to a consonant as illustrates the pair [u w].

Sapir (1921) categorises vowels as voiced sounds during which the breath is allowed

to pass through the mouth without being checked or impeded at any point. But he

also notes that the breath may be momentarily checked or allowed to stream through

a greatly narrowed passage with resulting air friction (Sapir, 1921: 51). Sapir does

not give any specific example of vowels havi
his idea is that there is potentially infinite number of vowels. When the sound has an

oor al resonance chamberdé, then it is a vowel
sounds, such as [w jj,coul d be <considered as vowels w
consonants are those in which the stream of breath is interfered in some way. The

result of the interference is a sharper, more incisive quality. He further divides the

consonants into four groups: stops, fricatives, laterals and trills. It is clear that his
categorisation is based on acoustico-articulatory characteristics of the speech

sounds. It is unclear, however, if Sapir considers the boundary between vowel and

consonant to be categorical.

Bl oomfi el dés (1923) phonetic description i s
categorisation is nearly identical to that of Sapir (1921). The speech sounds are

classed into noise-sounds and musical-sounds. The noise-sounds are further divided

into stops, trills and spirants. The musical sounds are further divided into nasals,

|l aterals and vowel s. He f ur t hmadificgtiong efthe t he d e
voiced-sound that involve no closure, friction, or contact of the tongue or lipsd
(Bloomfield, 1923: 102). This definition suggests that Bloomfield held a categorical

view: when there is closure, friction, or contact of the tongue or lips, the speech

sound is not a vowel.

For Trubetzkoy (1969), the categorisation of vowel and consonant can only be based
on phonetic characteristics. For him, any definition of the two categories based on
criteria other than acoustics and articulation is necessarily flawed. For him (1969: 94),
@vhat characterizes a consonant is the production of an obstruction and the



overcoming of such an obstruction. A vowel
any obstruction.0 Ladef oged & Johnson iev.Férihén) (20dldopt a
1011 9) , i n order t dhe &irstneam thooogh she woeahttad mustdoe

obstructed in someway6é, whi |l e i n or dhe passage offthe airstreamo we | s ,
is relatively unobstructedo .

The definition of Trubetzkoy (1969) makes the vowel category and the consonant

category mutually exclusive and thus dichotomic, since logically one sound cannot be

produced with AND without an obstruction. Note, however, that Ladefoged &
Johnsonos (2011) definitioan r $tsr eleltsvaydscad eg
unobstructed can be interpreted as if the airstream during the production of a vowel

could be obstructed to a certain degree. This definition can be directly linked to
Ladefoged & Maddiesonds (1996)sectioh 22213t i ve
since they consider that vowels (namely the apical vowel in Chinese languages) can

have frication as a secondary feature. To produce frication, the airstream must be

obstructed to a certain degree.

The phonetic approach, based on acoustico-articulatory observations, argues in
majority for a non-dichotomic view of the relationship between the vowel category
and the consonant category. It is impossible to determine, for example, the exact
boundary where the vowel [i] has a narrowed-enough air passage and becomes an

approximant consonant [j] .

2.1.1.2. Defining the vowel-consonant categories hased on phonology

The second approach is phonologically based, motivated by common phonological

principles, such as distributional, combinatory and functional attributes of the sounds.

This is the approach adopted by Vendry s (1
Trim (1953), and Jakobson & Waugh (1979). This approach has a theoretical, top-

down point of view. The vowel and consonant categories are defined based on their

phonol ogi cal patterning, and al so by t he r
phonology of their language.

Vendryes (1921) proposes that vowels and consonants should be divided on the
basis of their role within a syllable. But he notes also that one phoneme can play the
role of a vowel or of a consonant. If there is a difference in function, there is no,
however, difference in nature. He clearly states that, in nature, there is no clear-cut
limit between vowel and consonant.

Grammont (1946) adopts a similar view as Vendryés (1921). He points out that there

is no 6i mpassable borderd6 between the vowel
His observation is that there are languages where some phonemes are sometimes

vowels and sometimes consonants depending on the position they occupy, such as

when some consonants can form a syllable either alone or in combination with other
consonants. Clear enough, the position within a syllable is a fundamental criterion in

defining the vowel category and the consonant category.



This categorisation based on syll abl e
& Trim, 1953). Their distributional study of the English phonemes has shown that
there exists a division of function: some phonemes occur more in the nucleus
position, and other phonemes occur more in the margins of the syllable (i.e., onset
and coda). The former are vowels, and the latter consonants. This division is
completely based on the distribution of English phonemes and can be seen as a
dichotomic division of function.

Jakobson & Waugh (1979) holds a nuanced view of vowel and consonant division
based on their function. They recognise that the vowel-consonant categorisation is
the most cardinal and most obvious bifurcation of speech sounds. The main principle
of the differentiation between the two categories is related to their function and
distribution: the vowel category functions as the syllable nuclei and consonant
category as the margins of the syllable. They however also note that there is a
necessity to recognise that the I|liquid
That is to say, sonorant sounds have both consonantal and vocalic characters. This
means that vowel and consonant categories are not mutually exclusive, since
sonorants can be considered as both consonants and vowels.

The phonological approach, based on the patterning of speech sounds, may argue
for a dichotomic view of the vowel-consonant categorisation. Under this view, the
vowel category functions as the nucleus of a syllable and the consonant category as
the margin of a syllable. When it comes to ambiguous sounds (e.g., sonorants), the
dichotomic categorisation becomes less evident. These three categories (i.e., vowels,
consonants, and sonorants) are further discussed in section 2.1.1.3 based on
Feature Theory.

2.1.1.3. Defining the vowel-consonant categories in double or multiple
terminologies based on hoth phonetics and phonology

The studies reviewed above, adopting either the phonetic approach or the
phonological approach, propose only one set of terminology, namely vowel and
consonant. Some studies, while adopting the two approaches, propose multiple
terminologies to account for both phonetic and phonological criteria. This is the case
in Saussure (1916), Pike (1947), Greenberg (1962) and Chomsky & Halle (1968).
Saussure (1916) proposes vowel/consonant for the phonetic description and
sonante/consonante categorisation for the phonological description. Pike (1947)
proposes vocoid/nonvocoid for the phonetic description and vowel/consonant for the

struct

sound

phonol ogi cal description. Greenberg (1962)

Chomsky & Halle (1968) propose sonorant, vocalic and consonantal categories, thus
revoking the dichotomy between vowel and consonant.

For Saussure (1916), the vowel-consonant dichotomy has been treated separately
on the phonetic level and on the phonological level. For him, the nature of a sound
and the function of a sound should be treated separately. The nature of a vowel and



the nature of a voiced consonant are comparable since they all include voicing in the
phonation, and vowels and voiced consonants differ only by aperture. The oral cavity
serves as a resonator in the production of a vowel, while in a consonant, the voicing
is intercepted in the oral cavity. Following this point of view, there is no identifiable
boundary between vowels and voiced consonants. However, their function differs
within a syllable: the vowel is the centre of a syllable, thus having the sonante
function; while a consonant is the sound that surrounds the vowel in the same
syllable, thus having the consonante function. Under this double terminology
(vowel/consonant, sonante/consonante), the sound [i] is by nature a vowel but has a

sonante function in fidele [fid 1] and a consonante function in pied [pje] .

I n Saussuredos point of view, the phonetic |
kept distinct. At the phonetic level, there is no acoustico-articulatory boundary
between the vowel category and the consonant category. At the phonological level,
their functions are categorical. That is to say, one sound of a certain language can
have two functions, each function is by itself categorical. The French phoneme /i/
can illustrate this approach. The phoneme /i/ can have a sonante function in one
syllable and have a consonante function in another syllable. It can even have a
sonante function in one production (e.g., lier 6 t {li.e]6 (De Carvalho, Brandéao,
Nguyen & Wauquier, 2010: 159)) and a consonante function in another production
(e.g., lier 6 t [lje¢ @d.)). However, the double-functional phoneme /i/ in French does
not imply an intermediate function between sonante and consonante. It only shows
that the phoneme /i/ can occupy two different functions according to the phonotactic
environment. When the phoneme is phonetically implemented, only one function can
be assigned to it.

Pike (1947) has a nearly identical view. He separates the speech sounds into
vocoids/nonvocoids based on their acoustico-articulatory aspects, and into
vowels/consonants based on their distributional characteristics. His arguments are
the same as Saussure (1916), that is some segments, such as /i u/, can have the
same structural positions as /a o/ oras/t s/. The segments /i u/ can thus have a
vowel function or a consonant function, which implies the separation of the phonetic
form of a sound from its phonological function.

Greenberg (1962) also separates the phonetic shape of a sound from its
phonol ogi cal functi on, following Piketdos (19 :¢
define the vowel and oaploreticecntdria of distribugond .i es b
He defines t he uhe dasdof ademénts (., phyonemes) sach that at
least one member of the class appears in every expressiond6, and the consona
is defined as the complement class of that of the vowels. His definitions are
somehow Ovapeudee§ noss meeci fy what an Oexpressi ol
most interesting point in his proposal is that he further distinguishes vocoids from
nonvocoids based on the following groupings: 1-vocoids, 2-frictionless continuants
(sonorants), 3-friction continuants, 4-stops. He notes that in one language, the



existence of type 2 nucleus (in his terminology, vowel) implies the existence of type 1
nucleus, but not vice versa. The existence of type 3 nucleus implies the existence of
type 2 and 1 nucleus, and so forth. This observation clearly states that the nucleus
function can be assigned to any type of sound regardless of its phonetic shape.

The categorisation of speech sounds in Chomsky & Halle (1968) is an example of

multiple terminologies, with the major class features having phonetic bases. They

propose the three non-mutual exclusive categories (see also Jakobson & Waugh

(1979)): sonorant, vocalic and consonantal. The sonoranti obstruent distinction is

based on whether a O0spontaneous voicing6 is
clear that o6vowel s, glides, nasal, consonant
Halle, 1968: 302). The sonorant category is also motivated phonologically, since

these sounds clearly pattern together as a natural class in English (Chomsky & Halle,

1968:. 85, 354i355). The difference between the vocalic category and the
consonantal category isbasedon whet her there is a 6radical
sagittal region of the vocal tract. It is also, obviously, motivated by phonological

patterning, as the two categories undergo respectively different phonological

processes.

It is worth noting herethat by saying Ovowels are sonoran
are vocalic soundsbo, this analysis shows a
(Saussur e, 1916 ; Pi ke, 1947) . That i s, 0s ol
phonological categories, whil e 6évowel 6 and O6consonanto6 are
phonological level and the phonetic level are described by two sets of terminologies.

2.1.1.4. The none-categorical physical world

Categorisation is an elemental epistemological tool. To classify things is to arrange
them in groups which are distinct from each other and are separated by clearly
determined lines of demarcation (Durkheim & Mauss, 1903). All studies of human
related phenomena start with categorisation: life vs. non-life, animal vs. plant, male
vs. female, etc. These categories have been considered as dichotomies but are
proven to be non-categorical by modern scientific researches.

One of the most fundamental dichotomies is between life and non-life. But the
boundary between these two categories seems to be blurred by the discovery of
virus. The viruses are considered to be o0at
the discovery of virophages (Pearson, 2008), the fact that a specific kind of smaller
virus infects and parasitises bigger viruses, suggest that viruses are a kind of life
form. If something can be sickened and eventually brought to death, it surely is alive
(Pearson, 2008). However, the opposite view has been forcefully propounded as
well: viruses cannot be considered alive because of their inability to reproduce
without a cellular host (Moreira & Lopez-Garcia , 2009; Lopez-Garcia, 2012; Koonin
& Starokadomskyy, 2016). The dichotomic view of life vs. non-life is challenged by
(Corona)virus!
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In biological taxonomy, the animal vs. plant dichotomy of life forms has been
abandoned since early 20" century. Prior to that, concepts of organismal
classification had been constrained within narrow boundaries that defined all life as
either plant or animal (Scamardella, 1999). It is widely accepted today that all living
and extinct organisms belong to two domains (or superkingdoms): Prokaryota and
Eucaryota (Woese et al.,, 1990; Ruggiero et al.,, 2015a; Ruggiero et al., 2015b).
Plants and animals are only two of the five kihngdoms under the Eucaryota domain.
Parallel to Animalia and Plantae, there are also Fungi, Chromista, Protozoa
(Ruggiero et al., 2015b). In this case, the dichotomic view has been replaced by a
hierarchical view with multiples classes organised in an arborescent and non-
dualistic representation.

The male vs. female dichotomy in human and social sciences has been largely
complemented by the gender continuum (Haig, 2004). Gender is the relationship
between biological sex and behaviour (Udry, 1994). It is widely accepted today that
gender refers to the social, cultural, and psychological traits linked to male and
female through particular social contexts, and people of a particular sex category can
be assigned with multiple gender traits linked to male and female (Wharton, 2004). In
biological sciences, the dichotomy of sex is also questioned. The phenomenon of
natural sex reversal and hermaphroditism is reported in vertebrates since early
human history (Chan, 1970). It is shown that sex determination in European eel may
be metagamic (i.e., non-generic) and that sex inversion may naturally occur when
triggered by environmental factors (Wiberg, 1983). It is also proven that in amniote
vertebrates, the sex determination is temperature-dependent. For Agamidae lizard,
incubation temperature plays a crucial role in the sexual development of the
embryos: the fitness of each sex was maximised by the incubation temperature that
produces that sex (Warner & Shine, 2008). In flowers, plants and plant populations,
the sexuality is clearly a complex phenomenon: some have unisexual flowers, some
have bisexual flowers, some have only hermaphrodite flowers, and some have
hermaphrodite, pistillate, staminate flowers on the same plant (Dellaporta &
Calderon-Urrea, 1993). It is clear that whether in human and social sciences or in
biology, the male vs. female dichotomy is not valid. It would seem unnatural that
vowel-consonant dichotomy, based on the same complex physical world, could elude
the same challenge.
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2.2. Apical vowels and similar sounds: a review

2.2.1. Apical vowels: a brief history of names and symbols

The terminology 6 a pi ¢ a | and thevreoh-IRA symbols [b B] used to transcribe
them are due to Karlgren (1915: 295). In his pioneer work titled Etudes sur la
Phonologie Chinoise, he describes [lJ as voyelle apico-gingivale and [B] voyelle
apical-alvéolaire:

Les voyelles apicales, rares dans les langues européennes, fleurissent en
chinois. Nous trouvons d’une part des apico-gingivales, dont I'articulation
linguale est produite le plus facilement en élargissant le passage qui se fait
entre la langue et les gencives pour prononcer la consonne z, juste assez
pour faire disparaitre la friction orale. D’autre part, nous avons des apico-
alvéolaires dont I'articulation linguale est produite par un élargissement
correspondant du (au) passage de "Q Hautes et pourtant sans élévation
prépalatale du dorsum, ces voyelles font, quand elles ne sont pas labialisées,
un effet acoustique qui les rapproche considérablement du ™ russe. ...

[@ Voyelle apico-gingivale, haute, tendue, délabialisée ou a I'ouverture
labiale large. ... Elle est partout orale, et n’apparait qu’en syllabe ouverte et

apres s, z. ... L'absence de b dans les autres langues connues rend sa
définition tres difficile pour des amateurs. Les identifications courantes
comme « I'u bref anglais », « I'eu francais » etc. sont toutes tres incorrectes.

[B Voyelle apico-alvéolaire, haute, tendue, délabialisée ou a I'ouverture
labiale large ... Elle est partout orale et n’existe qu’en syllabe ouverte apres
L, "Q ... Une voyelle tres analogue a Bse rencontre dans certains dial(ect)
suedois ; on I'appelle « i de Viby ».

(Karlgren, 1915: 295)*

IN.B. In this dissertation, the English translations of all citations in French are mine. [Apical vowels, rare in
European languages, bloom in Chinese. On the one hand, we find apico-gingival vowels, whose lingual
articulation is most easily produced by widening the passage between the tongue and the gums to pronounce the
consonant z , just enough to make the oral frication disappear. On the other hand, we have apico-alveolar ones
whose lingual articulation is produced by a corresponding widening of the passage of "QHigh and yet without any
pre-palatal elevation of the dorsum, these vowels make, when not labialised, an acoustic effect which brings them
considerably «cl| oseild Apmo-gingival vdval,shigh, temse, telabialised or with a wide labial
opening. ... It is everywhere oral, and appears only in open syllables and after s, z. ... The absence of bin other
known | anguages makes its definition very difficult
Engl i sho,ncfihebu eitnc .Fraer e a [B] Apigosalveolar vowelchigh, terese, telabiafised or with a
wide labial opening ... It is everywhere oral and exists only in open syllable after L, "Q... A vowel very similar to Bis
found in some Swedish dialects;i t i s call ed the AViby io0.]
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To the best of my knowledge these cited phonetic descriptions of the apical vowels

are the wearliest in the J|literature. Karl gr
vowels, but his description is more nuanced when studied in detail. He notes that the

essential difference between the apical vowels and the corresponding consonants

[z "Q is the air passage. The air passage is more enlarged in the apical vowels than

in [z "Q, so that the oral frication noise disappears. Following this description, the

apical vowels could as well have been analysed as some fricative-like segments,

since the articulatory gesture involved is essentially the same as for [z] .

For Karlgren (1915: 296), [ and [z] are two different segments sharing the same
place of articulation. He goes on in his description of apical vowels, and states:

D’autre part, plusieurs savants ont transcrit b par la consonne ‘z’, graphie
nullement mauvaise, en réalité. C’est que b, pour la position de la langue, est
congénere de z, et que dans tous les dialectes qui possedent b on pourra
trouver bien des individus qui y substituent un z?{kz porteur de la syllabe) : sb
et sz, tebet tsz gk permutent individuellement (t s 8’ existe guére?®).

(Karlgren, 1915: 296)*

Again, the similarity in articulation between the apical vowel [ and the consonant

[z] is clearly stated. It is interesting to see that Karlgren, while he opposes the

consonant [z] to the apical vowel [H, indicates that they are exchangeable
doermutabled . |t is difficult to know Karlgrenos
consonant [z] from the apical vowel [lJ. But the existence of frication noise is

probably an important indicator since he describes the apical vowel [ as having an

enlarged air passage compared to [z], just enough to make the frication noise

disappear. Following this understanding, the difference between a [sQ syllable and a

[sz] syllable would thus be linked to the presence/absence of frication noise on the

syllable nucleus: [ with no frication noise and [z] with frication noise.

In the 1950s, the apical vowel symbols [ b B] coined by Karlgren (1915) were
introduced into China possibly by German linguists (Pullum & Ladusaw, 1996). Along
with the symbols [ b B], two other symbols [ X W] (Karlgren, 1915: 297) representing
the rounded apical vowels were also introduced into China at the same period
(Pullum & Ladusaw, 1996). The four symbols [ b B X W] appeared in

A compendium of Chinese dialects (Yuan, 1960: 7). Since then, the terminology

2The consonant z Here corresponds to the IPA notation z. ¥

3 The affricate consonantt shére corresponds to the IPA notation tsO

4[On the other hand, several scholars have transcribed bwi t h t he =zdonswhniacnht ié6s i n fact not
This is because b for the position of the tongue, is homorganic to z, and in all the dialects that have bone can find

many individuals who substitute it with z { syllabic): sband sz, isb and tsz dlre interchangeable on an individual

basis (t s Bardly exists).]
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6api cal vowel s6 and the four symbol s
researchers working on the phonetics and phonology of Chinese languages (to cite a
few: Kratochvil, 1968; C. Cheng, 1973; Howie, 1976; Svantesson, 1984; Zee & Lee,
2007; Shi, Peng & Liu, 2015; Faytak & Lin, 2015; Faytak, 2018).

Most of the studies on apical vowels are based on SC®, but apical vowels are also
attested in other Chinese languages (Wu, 1995; Wang, 2006; Hu, 2007; Hou, 2009),
and even in some non-Chinese Sino-Tibetan languages (Baron, 1974; Michaud,
2008; Wang, 2010). The presence of apical vowels in all these languages has always
been related to a historical /i/ in some stage of the evolution (Zhu, 2004; Zhao,
2007; Jacques & Michaud, 2011; Gong, 2016). In this review, the status of apical
vowels in SC is reported in section 2.2.2.1, before reporting on other Chinese
languages in section 2.2.2.3. Similar phenomena observed in non-Chinese
languages are reported in section 2.2.3, namely the Swedish Viby-i, the Lendu
vowelless syllable, the Mambila fricative vowel and the Ikema fricative vowel.

The name O6apical vowel s6 and the f ouat
accepted by all researchers, as various other symbols have been proposed in
different descriptions and analyses. The following review uses the original symbols
used in each study, as this can reflect the phonetic and phonological nature adopted
by each study. A summary of the correspondence between all the names and all the
symbols is given in Table 2.1.

This review focuses on the non-rounded apical vowels. Wheneverth e t er m
vowel 6 is wused, traunded eapicalrveweld as, far kexample, ahe
variants of apical vowels in SC. The rounded versions [ X W], being much rarer in
Chinese languages, are not included in this review.

5SC is also called Putong Hua 6common speechbd. Ot her terms for
Mandarin, Mandarin Chinese, or simply Mandarin (Duanmu, 2007: 4). In this study, the term SC is used for
simplicity.
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Table 2.1. Correspondence hetween different terminologies used in the description of the
apical vowels.

Concerned segment Terminology Symbols
Apical vowel
Apical front vowel b

The syllable nucleus of Dental apical vowel

2

[tsz] ( P9 ny o n : Fricative vowel

SC or the equivalent Syllabic fricative z v

segment in other

Chinese languages. Syllabic approximant

Syllabic apical post-alveolar approximant 7]
Syllabic dental approximant

Apical vowel

Apical back vowel B
The syllable nucleus of _Retroflex apical vowel
fLR (POnyodn Fricative vowel A
SC or the equivalent Syllabic fricative YO
segment in other Syllabic approximant
Chinese languages. Syllabic apico-laminal or laminal denti-alveolar . . .

approximant
Syllabic retroflex approximant

2.2.2. Different variants of apical vowels in Chinese languages

In this section, the descriptions of apical vowels in Chinese languages are reviewed.
The apical vowels in SC, reviewed in section 2.2.2.1, are the most studied variants.
Three other variants of apical vowels, different from the SC ones, are selected
according to their phonological and phonetic behaviour and reviewed in section
2.2.2.3.

In section 2.2.2.1, the different analyses of the apical vowels in SC are reported in
the following order: the vowel analysis, the syllabic fricative analysis and the syllabic
approximant analysis. This order is more or less a chronological one, following the
advancements in the understanding of these segments. As already stated, the
different analyses are presented keeping with the original symbols used. In the cases
where the original symbol is not transparent enough, a footnote is given to specify
the correspondence.

In section 2.2.2.3, three Chinese languages are presented: the Hefei-Mandarin
Chinese (HMC), the Qinghai-Mandarin Chinese (QMC) and the Suzhou-Wu Chinese
(SWC). The first two languages (both belong to the Mandarin group as SC) are
chosen since their apical vowels are reported to be different from the apical vowels
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attested in SC. The Suzhou-Wu Chinese is reported to have apical vowels occurring
in the same contexts as in SC, but with a different phonetic implementation.

2.2.2.1. Apical vowels in SC: phonology and phonetics

SC has two apical vowels [d and [B], as the following examples in (1) show:

(1) p6sil k[Bby 6poetliBlo
6posttsNe 6 6k now®B
6f 1 awotdo Abeat 0[S

Osun,[®at ed

The two apical vowels are considered to be allophonic variants of /i/ : [ld occurs after
dental sibilants, and [B] occurs after retroflex sibilants (R. Cheng, 1966; C. Cheng,
1973). This complementary distribution is summarised in Table 2.2. This is the
traditional view of the apical vowels in SC (Hartman, 1944; Hockett, 1947; Fu, 1956;
R. Cheng, 1966; Kratochvil, 1968). In this analysis, the apical vowels are considered
as vowels. They occur at the nucleus position of the syllable hence function as the
tone-bearing unit (TBU) of the syllable (Hartman, 1944).

As shown in Table 2.2, the high vowel /i/ does not occur after dental and retroflex
sibilants. It is proposed that there is a co-occurrence restriction (R. Cheng, 1966)
between the dental and retroflex sibilants and the high front vowel /i/ , the syllable
nuclei after the dental and the retroflex sibilants are thus the apical vowels.

Table 2.2. Distribution of apical vowels and [i] in SC.

stst sO LtLtLO 0 td t60

* * oi toi t60
sbtsbt 0O * *
* L BL BL®B *

As discussed in the previous section, since the earliest description of the apical
vowels (Karlgren, 1915), the homorganicity between the apical vowels and the
sibilant consonants has been noticed and has always been at the centre of the
discussion. The apical vowel [l is described as the apical front vowel and [B] as the
apical back vowel (Zhou & Wu, 1963), the radiographs of the two segments together
with the consonants [s L] are presented in Figure 2.1. It is probably due to the
tongue tip position difference that Zhou & Wu (1963) have named the two apical
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vowels as front and back. It can be observed in their radiographs that the tongue tip
in [g has a denti-alveolar position, while the tongue tip of [B] has an alveolar position.

Figure 2.1. X-ray images (Zhou & Wu, 1963: 60, 64, 73, 74) of apical vowels and [s L]
consonants in SC. Sibilant consonants [s L] were obtained with [sa La] syllables, apical
vowels were obtained with [ts b tL. Bsyllables. The mid-sagittal tongue contours (black
lines) are presented with rolled-up tongue sides (grey lines).

Zhou & Wu (1963) also note that the tongue shape of [[J is comparable to the tongue
shape of [s], while the tongue shape of [B] can be compared to [L]. They only
present the tongue shapes as comparable, but do not give any detailed comments on
this comparison. As shown in Figure 2.1, the tongue shape of [ and the tongue
shape of [s] are fairly similar but the tongue shapes of [B] and [L] do show some
differences. The tongue apex seems to be more raised in [B] than in [L], and the
sublingual cavity is larger in [B] than in [L]. This point may have been the reason why
Zhou & Wu (1963) did not claim confidently that the apical vowels were homorganic
tothesibilants[s L], but ooampawmabloed.

The homorganicity between the apical vowels and the preceding sibilants is also
claimed by C. Cheng (1973). He refers to the apical vowel[das O0dent al api cal
and the apical vowel [B] as oOretrofl ex apical vewarel 0. T
variants of the high vowel /il and they are clearly described
preceding c o Ghergn 29X A3). (TKe:. dental apical vowel [H is
homorganic to [s] and the retroflex apical vowel [B] is homorganic to [L]. In a similar
vein , Ladefoged and Maddieson (1996: n&ded) not
with the tongue in essentially the same position as in the corresponding fricativesd
and refer to these segments as O6fricative vo

17



The other important attribute of apical vowels is that they can contain frication noise
(Trubetzkoy, 1969; Ladforged & Maddieson, 1996). Trubetzkoy (1969: 171)
describes these segments as having audible frication noise:

Phonetically, if pronounced clearly, it is a type of vowel with a much lesser
degree of aperture and with a much more fronted position of articulation
than, for example, i, so that a frictionlike noise resembling a humming is
audible in its production.

(Trubetzkoy, 1969: 171)

For Trubetzkoy (1969), as for Karlgren (1915) before him,t he t wo segment s
type of vowel 0, notwithstanding their o6frict
found in Howie (1976: 6), who also noted that the two apical vowels were produced

@ften with continued friction6 .

The descriptions presented above have one major point in common: they all consider

the O6apical vowel sd6 to be vowel s. But t he
influence among scholars, is not accepted by all researchers. Chao (1961: 22)

argues that the apical vowels are not genuine vowels, given their homorganicity with

the preceding sibilants. His observation is particularly interesting since he is among

the first researchers to avoi dbBlsymbolg: t he ter

The first final, which we represent by the letter y®, is a vocal prolongation of
the preceding consonant. It has two qualities. (1) After the dental sibilants:
tz’, ts8 s, it has a buzzing quality, like a prolonged z in buzz. Thus, the
syllable sy sounds like s + vocalized z. After the consonant has been
pronounced, the vocalic part — the buzzing part — need not, and usually
does not, have much frication, but the tip of the tongue remains behind and
near the teeth to give the z-quality. The lips are open. (2) ... After the
retroflexes ... this final is pronounced as a vocalized r.

(Chao, 1961: 22)

In his A grammar of spoken Chinese (1968: 24), Chao uses the symbol [z] ¥or [H
and the symbol ['] ¥br [B], clearly showing that he analyses the apical vowels as
syllabic consonants homorganic to the sibilant onsets. But it is interesting to see that
he is careful about the presence of frication noise, as he considers the apical vowel
[0 a sneed not, and usually does not have much frication6. That i s to say,
vowel after dental sibilants can sometimes contain some frication noise, but this
frication noise is not systematic. It seems that Chao is faced with three contradictory

6 This notation corresponds to the two apical vowels [b §.
7 This notation corresponds to the consonant [ts]
8 This notation corresponds to the consonant [ts 10
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facts: (i) the apical vowel is homorganic with the preceding sibilant onsets [s ts t s O]

(i) it does not always contain the should-be-there frication noise given that it has the

same articulatory gesture as the sibilants,and (i i1 ) it stil!]l has a
still 6sounds z8.i kdi sa fpirmdlonglkadi ce i s at o ana
syllabic consonants [z] wnd [ ],uivhich reflects correctly the homorganicity between

the two segments and the sibilant onsets. But he provides no further discussion on

the frication noise.

Similar to Chaodés analysi s, apical vowel s h
consonants, and transcribed using [z] and ["Q symbols by other authors (Dell, 1994;
Wiese, 1997; Yu, 1999; Duanmu,2007). According to Yu (1999) the presence of high-
frequency noise in the 40007 7000 Hz region is the definitive indication of the sibilant

property of oOapical vowel s0. From a phonol o
apical vowels as the voiced prolongation of the preceding syllable onsets, this
analysisis fundamentally identical to Chaobés (19

and Duanmu (2007: 44), the homorganic property of apical vowels is a result of
feature spreading: the coronal features (including [+fricative]) of the preceding sibilant
onset spread into the empty syllable nucleus (see Figure 2.2).

[ts] - [tszz] ‘word’
S S
TN — T
XXX X X X
N AN I
vC Cor VC Cor Cor Cor
I VN | g

[—voi] [+stop] [+fric] [—voi] [+stop] [+fTic]

Figure 2.2. Feature geometry representation of the SC syllable [tszz] ‘word’, reproduced
from Duanmu (2007: 44).

Duanmubés analysis can account for the homorg
the preceding sibilant onsets. The onset [ts] occupies a single time unit and the
empty nucleus occupies two time units. The onset [ts] has two articulators, Vocal-
cords, which dominates the feature [-voice], and Coronal, which dominates [+stop]
and [+ fricative]. [ts] must be linked to the onset. The empty slots in the rhyme trigger
the spreading of [+fricative], which activates Coronal. The result is [ts] in the onset
and [zz] in the rhyme. The voicing of the rhyme [zz] comes from the nucleus position,
which requires that any segment occupying this position to be voiced. The same
analysis could be applied to all the onsets having articulator Coronal-[+fricative]
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(Duanmu, 2007: 44). Following this analysis, the examples in (1) are analysed as in
).
(2) p 6si | kil [ s

Opost/ust ed[ zHzZ

6f 1l awldt s O/[ tzsNOz

6poet/ly o6 UqG

6knowdl §LUM

Abeat 6/S@ FOX
6sun,/'Wat R

It is worth noting that Duanmu (2007) does not consider the apical vowels to be
allophones of /i/ , since he does not propose any underlying form for the apical
vowels. In his analysis, as presented above, the apical vowels are triggered by an
empty nucleus slot. Their phonological specifications are the result of feature
spreading processes. Furthermore, in his analysis, the vowel /i/ has a different
distribution compared to the traditional view presented in Table 2.2. He considers the
syllables [6i tGi t60] to have variants [ s 4 $ 4 $ Qand fhey are all derived from
the underlying /si tsi t s Ogyllables. This means that the vowel [i] can occur
underlyingly after dental sibilants /s ts t s Gahd that the palatal consonants
[6 tOo t6Q are not phonemic.

The analysis of 6apical vowel sd as fricatiyv
studies, who argue that these segments are best analysed as approximants (Lee &
Zee 2003, Lee-Kim 2014). In their IPA description of SC, Lee and Zee (2003), who

use the symbol[[]W o transcribe the two apical vowel
apicalpost-al veol ar appr oxi ma rAaminal @ radinalbdengi-BNealdn i ¢ ap i
approximanté. This transcription is adwpted

to transcribe the two apical vowels in SC:

In terms of articulation, the tongue tip stays in the same location within the
oral cavity throughout the whole syllable. ...the syllable onset consonants ...
are voiceless, but the nuclear part of the syllable, i.e., the syllabic consonant,
is voiced. To learn how to pronounce these syllabic consonants, you
basically prolong the pronunciation of the consonant. ... produce a voiceless
consonant in the first phase of the syllable (i.e., the syllable onset) and a
voiced one in the second phase of the syllable (i.e., the syllabic nucleus).
During the syllabic nuclear phase, there can be a lesser degree of
constriction; that is, the tongue tip can be moved slightly away from the
teeth or the post-alveolar region at the end of the syllable with little friction.
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(Lin, 2007: 72)

Lin (2007) considers apical vowels to be the voiced prolongation of the syllabic
onsets with possibly a lesser degree of constriction, thus yielding little friction. This
description is fundamentally identical to what has been proposed by Chao (1968).
Similar to Chao (1961, 1968), Lin (2007) is not sure about the presence of the

frication noi se acadbearnegsaraegred di eonbstridtidan@ r e wldi ¢ h

should lead to less frication noise.

InLee-Ki més (2014) comprehensive revision
apical vowels are indeed homorganic to the sibilant onsets with a slightly retracted
tongue root for [ and a slightly lowered tongue body for [B]. But they have no or
very little frication noise. She does observe very short carryover frication noise that is
attributed to a mere gesture overlap between sibilant onsets and the homorganic
apical segments.

of

The spectrograms of the SC apical vowels in Lee-Ki més ( 2 0 1 4rgportedtiru d y

Figure 2.3. She presented three speakers showing three different patterns: RJ does
not have any frication noise, WY has very short carryover frication noise, and WH
has relatively long frication noise on the apical vowel [ ] "after sibilant [s] but no
frication noise on the apical vowel [ ] after sibilant [L]. She notes that with the
exception of these three subjects, the apical segments behave similarly to other
vowels, presenting a periodic waveform and a nearly clear separation of the frication
noise from the following vocalic period.

Based on the observations that (i) the apical vowels are homorganic to the sibilant
onsets and that (ii) no systematic frication noise is produced, Lee-Kim (2014) argues
that the apical vowels are syllabic dental and retroflex approximants, which she
transcribes as [ ] and [* ], respectively.
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Figure 2.3. Spectrograms of [s"] and [L. 7] of two female speakers (RJ and WY) and one
male speaker (HW). There is no frication noise in RJ’s production, but some frication noise
is ohserved in WY and HW’s production. Frication in the vocalic period is represented with

dotted vertical lines. This figure is reproduced from Figure 9, 10, 11 of Lee-Kim (2014).

2.2.2.2. Mismatch between phonetics and phonology of apical vowels in SC

The four di fferent a c ci.e.uapicas voveeh fricatiaepviowel | V O W ¢
syllabic fricative consonant, syllabic approximant consonant) seem to depend on
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whether phonological or phonetic criteria are applied. In this section, the four
accounts will be discussed individually with a focus on the advantages and
disadvantages of each account.

The vowel anal ylsiwogweli@& her &fampiicati ve vowel ¢
their phonological patterning: (i) they are allophonic to vowel /i/ ; (ii) they function as
syllable nuclei; and (iii) they can be tone-bearing units. This point of view is
phonologically convenient since it complies with the habitual syllable structure of SC,
that is the nucleus of a syllable should be a vowel®. In this view, the acoustic
presence of a clear formant structure in apical vowels is considered as a definitive
character for vowels, and the raised tongue body is considered to be a vowel gesture
(C. Cheng 1973). However, the vowel analysis is phonetically inconvenient since it
cannot explain the fact that (i) the apical vowels are homorganic to the sibilant onsets,
and (ii) the possible presence of frication noise. These two points argue strongly for a
syllabic consonant analysis (whether fricative or approximant), since a vowel, a priori,
should not be homorganic to a fricative consonant and should not contain any
frication noise.

(c) F2 (Hz)
3000 2000 1000 800 600

1200

1400

1600

F1 (Hz)

1800

Figure 2.4. Formant (F1-F2) plot of the ten vowels in continuous speech of SC. This figure
is reproduced from the Figure 34.2(c) from Shi et al. (2015). Black symbols for male
speakers and grey symbhols for female speakers.

Further mor e, if the two apical Vdbaved séo apiec als
back voVJyH I(Zhou & dMu, 1963), their formant values do not match their
description. The apical back vowel [B] has a higher F2 than the apical front vowel [,

9 The nucleus of a syllable in SC is almost always a vowel, only very marginal examples of syllabic consonants
suchas[m n , ](Duanmu 2007: 34) can be found.
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as shown in Figure 2.4. This means that the correlation between the F2 and the
anteriority of vowels is not applicable to the SC apical vowels (Lee, 2005) since the
F2 values indicate that [B] should be the front one and [l the back one.

The o6fricative v doweylLdadefaedahdyMaddissona(X996u3d4) is

an attempt to unify the phonological behaviour (i.e., 6 vowel 0) and the

i mpl ementation (i .e., ofricatived). Thi s ana
apic a | vowels and adds the oO0fricatived proper
Ladefoged and Ferrari Disner ( 201 2 : 26) stated tdnadounda vowe

occurring in the middle of a syllable, provided that it is produced without any kind of

obstruction of the outgoing breathé . Clear enough, the oO6fricat

with frication noise, would not comply with this definition. Ladefoged'® changed his

earl i er obser viai$ dertamly teua tthat theoficatide ndise carries over

into the beginning of the vowel. But the greater part of each of these vowels does not

have any fricative turbulence.6 Thi s new observation shoul d
6fricative vowel d& analysis. It I's evimMdent t

noise is again at the centre of the discussion. If the frication noise exists, then the

apical vowels cannot be vowels since vowels should not have any kind of obstruction

of the outgoing breath. If the frication noise does not exist, then the category dricative

vowel 8 should not exist. Either way, the ofr

The analysis of api cal vowel s as o6syll abic
observations. It can reflect correctly the acoustic presence of frication noise and the
homorganicity with the coronal sibilants. But this analysis, it could be argued, is
phonologically unnatural, since it assumes that an underlying vowel (i.e., /i/ ) has

fricative consonants as allophonic variants (Wiese, 1997). This point of view is not

adopted by Duanmu (2007: 44). In his analysis, the syllabic fricatives are not derived

from an underlying /i/ or any other underlying vowel, but rather triggered by an
empty nucleus sl ot. When adopting Duanmuos
having allophonic fricative consonants and vowel /i/ no longer exists. Still, the

syllabic fricative analysis also assumes that the fricative consonants in [sz WG

occupy the nucleus position of the syllables and function as tone-bearing units, in a

striking exception to the behaviour of other obstruents in SC.

The 6syl |l abic approxi mant o anal ysi s i s al s
captures the tongue shapeds slight articul at
and the O&éapi cal explanwthé @bsenca af dricatioh ngse in some
cases. But such absence of frication noise is not consistent in all studies. Lee-Kim
(2014) observes no or little frication noise on apical vowels, while other researchers
report important interspeaker variation (Yu, 1999; Faytak & Lin, 2015). When frication
noise is observed, it is generally limited to the very beginning of the segment and
lasts a very short period of time. This suggests, according to Lee-Kim (2014), that

10 This citaton can be found on the web site of UCLA Phonetics Lab data:
http://www.phonetics.ucla.edu/appendix/languages/chinese/chinese.htmi
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this frication noise is an outcome of gestural overlap between sibilants and the

foll owing homorganic O6apical vowel so, so th
related to a fricative nature. Phonologically, however, the syllabic approximant
anal ysi s I S not mo r e bicdfricativeu analylsi® if theh syllabict he s

approximants are analysed as derived from an underlying /i/ .

Il n a nutshell, the main difficulty encounter
that their phonetic implementation does not match their phonological behaviour: the

former provides evidence for a consonant analysis while the latter provides

arguments for a vowel analysis. The same dilemma was faced by researchers

wor king on O6apical vowelsdé in other Chinese

2.2.2.3. Apical vowels in other Chinese languages

In addition to SC, other Chinese languages present numerous examples of apical

vowels, especially the non-retroflexed non-rounded [H variant. It can be termed

6api cal vowel 6, 6apical front vowel 6 or o6der
the variant that occurs after sibilants [s ts t s 1@ BC. In this section, only this variant

is reviewed, since it is more widespread than the retroflexed variant [B] and the

rounded ones. As observed in the description of Chinese languages, when there is

only one apical vowel, it is the [b. The other variants only occur when there is

already the [ in the inventory.

In this section, apical vowels from Hefei-Mandarin Chinese, Qinghai-Mandarin
Chinese and Suzhou-Wu Chinese are reviewed. These three Chinese languages are
chosen according to the availability of the descriptions and the characteristics of the
apical vowel. The two Mandarin Chinese languages are chosen to show that even
within the Mandarin group, apical vowels can behave differently.

Traditionally, the Chinese languages are divided into ten groups (Li et al., 1987):
Mandarin , Jin ,WuT , Hui , Xiang , Gan , Min , Yue

, Ping , and Hakka ; each group can be further divided into subgroups.
In order to provide more information on the cited Chinese languages, the group name
is given with the name of the city/region where the language is spoken. For example,
Hefei /A is the city where the Hefei Chinese is spoken. Hefei Chinese is a
Mandarin group Chinese language, so it is referred to as Hefei-Mandarin Chinese.

The tones in Chinese languages can be transcribed using tone letters (Chao, 1930)
as shown in examples (3), (4) and (5), or be transcribed using IPA tone symbols, as
shown in examples (6) and (7). The original transcriptions are retained in the cited
examples.
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2.2.2.3.1Hefei-Mandarin Chinese

Hefei-Mandarin Chinese A (HMC) is a Mandarin Chinese language of
Jianghuai-Mandarin subgroup (Li et al., 1987). It has two [b B] (Department
of Chinese of Peking University, 1989) or three apical vowels [b B X] (Wu, 1995;
Wan, 2014) depending on the descriptions. A complete analysis of the HMC
phonemic inventory is not available. Concerning the apical vowels, [B] occurs only
after [L tL tLQ but the distribution of [X] is not clear (the case of [H is dealt with
below). When the consonants /6 t6 t6@ are followed by /i/ , they are realised
[s ts t s @$pectively, and the vowel /i/ is realised [, as shown by the following
examples from Wu (1995) in (3). The apical vowel [ in HMC is thus phonologically
analysed as a contextual variant of /i/ (Wu, 1995), similar to the traditional view of
apical vowels in SC.

(3) bwest 6/06i% [sb*1]
6chickieats [tsbl
6ri deo/tody [ tBJO
Unlike in SC, however, [b in HMC is not always preceded by a homorganic onset. It

can be preceded by [p p Gn Zz] in addition to [s ts t s ©dnsonants (Wu, 1995).
The following examples in (4) are also from Wu (1995):

4) 6 compalp'p

6skinodo[ B

6r i ce 6[mb?
At the phonetic level, the acoustic study from Hou (2009) reports that the HMC apical
vowel has strong high-f r equency fricatiifoB0@0i Ble mne
frication noise does not continue to the end of the segment. Hou (2009) considers the

apical vowel as a fricative vowel T but does not provide further discussion on
its frication noise. Wan (2014) has also conducted an experimental study on the

gt be

HMC vowel s. She treats the o6éapical vowel s o

that [bB] have 0strong frication noi seo,
measurements on this property. Kong et al. (2019) follow Ladefoged and

Maddi esonds (1996) analysis and consider

Their study shows that strong frication noise can be observed on the HMC apical
vowels even when it is preceded by bilabial and nasal consonants, though not on the
entire duration of these segments. The frication noise is superposed on voicing and

i s observable onRY % omft hdefiemdt re5durati on.

frication noise is a secondary feature of the HMC apical vowel, and argue that this
feature may be an important perceptual cue for the HMC apical vowels.
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2.2.2.3.2Qinghai-Mandarin Chinese

Qinghai-Mandarin Chinese (QMC) Is a Mandarin dialect of Lanyin-Mandarin
Q group (Li et al., 1987). It has one apical vowel [ which can be preceded
by[p pOn | s ts t s @hsonants (Wang, 2006). The phonological analysis of this
dialect is not available but Wang describes the phoneme /i/ as having three
allophones [i j B. The two allophones, namely [b j], coexist in regional variants of
QMC. The following examples in (5) are from Wang (2006):

(5) 6chi ckledp 0t ]
0fundodftsb ]
Y 6oned [b | ]
6l addel tos O]
Opol i t][ebflessod
6soi | 6[ts?3
0skiné[ pOj Q ]
LLoseven[pdd t HO ]
6apr i clbohtd]o

Wang (2006) does not provide any argument on why [j] can be the nucleus of a
syllable, but it seems that he uses the symbol [j] to represent a [i] vowel with a
closer lingual-palatal distance. This means that his []] symbol can also be considered
as a raised [i],hence [b i] and [i] are the three allophonic variants of the phoneme
I .

No experimental study on QMC apical vowels is available but as examples in (5)
show, similar to HMC, [l is not systematically homorganic to the preceding onset
consonant, as it does not share the same place of articulation with [p p ‘QGn]. The
same remark can be made here: if the apical vowel is analysed as a syllabic
consonant, then this syllabic consonant (whether a syllabic [z]vr a syllabic [])¥
cannot be analysed as always homorganic to the onset.

Interestingly, the syllabic consonant [v]¥bccurs after [p | tl] in QMC, as the
following examples in (6) from Dede (2006) show. If the apical vowel is analysed as a
syllabic consonant [z] ¢hen it will not be the only syllabic obstruent in QMC, since [v] ¥
is also a syllabic obstruent.

(6) 6r oadiv P
6st ovierd@™.
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Opi goftLv PA
1T 6kit clhlernyol
6cl ot[pvOp -

2.2.2.3.3Suzhou-Wu Chinese

An interesting case of apical vowels has been observed in Suzhou-Wu Chinese

(SWC), aWu i group Chinese language (Li et al., 1987). The description of this
dialect shows that it has two apical vowels, a rounded [X] and an unrounded [H, all
occurring after sibilant onsets [s ts t s Z) (Ye, 1993). Interestingly, the apical
vowels /b and / X/ are independent phonemes which contrast with /i/ , as shown by
the following minimal triplets in (7) (Ye, 1993):

@) Of our[&bM]i,
nowor |[sXd].

6small[sidy .

Opur p[tseo
0 mai n[gX1.

<

O0si stsr]d,

0t hi s[6tEO
60 mo u s[etdefO
v 0t ake[btigO

The examples in (7) show that even though the apical vowels in SWC occur only
after dental sibilants, they are distinct phonemes contrastive to /i/ . A consequence of
this is that they cannot be analysed as derived from an underlying high vowel /i/ .

At the phonetic | evel, F ay thavék an (a@idd-alN&olar 4 5 ) n
constriction similar to a /z/ and could be transcribed as syllabic rounded and

unrounded alveolar fricatives with a loose degree of constriction, i.e., syllabic,

lowered [z], [z"]; both exhibit noticeable strident frication with a [z]-like quality6 .
Lingébs (2009) acoustic and EMA analysis show
and F2 values, di spl ay 1f r8i00at iHzn rneogiisoen, i na ni
similar flat or concave tongue shape and a same apical-alveolar constriction. Faytak

(2018: 94) also reports that the apical vowels and the onset consonant [s] in SWC

have a similar articulatory gesture. He argues that this articulatory similarity is
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expected owing to the co-occurrence restrictions that require the apical vowels to
occur immediately following an alveolar fricative or affricate.

2.2.3. Similar phenomena observed in non-Chinese languages

Since Karlgren (1915), the apical vowels are compared to similar segments in non-
Chinese languages. For example, the apical vowel [B] is said to be similar to the
Swedi shi 66V(iKayrl gren, 1915: 295) . Bel |
Sino-Ti bet an | a ncgranalgstrident,aand vdice d in other words, z-like
soundsé, and he a lthe only nom-SieosTibdtam Eriguage with syllabics of
this type is Lendud . L a d antl PMapdieson (1996) consider the apical vowels in
SC as fricative vowels, and they report having observed similar phenomenon in the
north-western part of the Bantu area (as in Mambila). More recently, the lkema
language of the Japonic family is also reportedtohave a oO6fri cati
the apical vowel, to the extent that some researchers use the apical vowel symbol [
to transcribe it (Fujimoto & Shinohara, 2018). In order to provide a comparison to
similar phenomena occurring in non-Chinese languages, the four cases said to be
similar to the Chinese apical vowels are reviewed here: the Swedish Viby-i, the
Lendu vowelless syllable, the Mambila fricative vowel, and the Ikema fricative vowel.

2.2.3.1. Swedish Viby-i

Swedish (Glottocode: swed1254, ISO 639-3: swe) is a North Germanic language. It
has 17 vowels /i by 4 @D e .., B4 T.a 00 uE/(Engstrand, 1990). The
O0Viibdy i s an Al foungimmanyeparts 6f Central Sweden. It is described

Vv

(1978

e

\

oV

as having a 6thick, buzzing, dampedndtheggual it

normal [ i of the same phoneme / i ard two allophones that cannot coexist within a

speech community, and speakers tend to use either Viby-i or standard [i » ]

categorically. The Viby-i is also subject to many of the same phonological processes
as [ i (g.9., diphthongisation and end-frication). In the case of the end-frication, it
often takes a [z] or [@] rather than a [j] offglide. At the phonotactic level, the Swedish
Viby-i is not conditioned by the consonantal environment (Westerberg, 2016).
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The Viby-i has been the object of some acoustic studies. It is characterised by a

markedly low F2, and a high F1 and F3, in comparison to standard [ i (Wésterberg,

2016, 2019) . This formant pattern is also c
standard Swedish / i (Bjbrsten & Engstrand, 1999). As shows the Viby-i has a clear

formant structure from the beginning of the segment until the offglide. After the

release of the [p] onset, there is no visible frication noise. Figure 2.6 shows that on a

F1/F2 plane, the Viby-i is centralised, compared to [y e] vowels. The F3 of the Viby-i

is also lower than the standard [i- .]

0070562 0102157 (9.789 /s) Jo.172718

0.07462

0

0.06256
6000 Hz

1802 Ha R AN . S A s 14145t
0Hz s ! . :

vowel

1 P 1 L a o4

0.065852 0.102157 0.156036

Figure 2.5. Acoustic signal and spectrogram of Viby-i from a young female speaker saying
pita[ péa].The vowel segment includes the fricated offglide. This figure is reproduced
from Figure 2 in Westerberg (2019).

Normalised F1/F2 (Lobanov)
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Figure 2.6. Normalised F1/F2 for 34 speakers, the [i] denotes the Viby-i. This figure is
reproduced from Figure 3 in Westerberg (2019).
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Table 2.3. Mean F1, F2, F3 (Hz) of the Swedish Viby-i from different studies, in comparison
with the standard /i/ . This table is reproduced from Table 2 in Westerberg (2019) and
Table 1 in Bjorsten & Engstrand (1999).

Viby-i Females Males Males  Standard /i Males

F1 398 337 350 F1 291
F2 1946 1709 1590 F2 2107
F3 3209 2741 2860 F3 3135

Articulatorily, the Viby-i is found to be frequently produced with a double-bunched
tongue shape as shown in Figure 2.7 (Westerberg, 2016). The tongue dorsum forms
the first bunch and the tongue root forms a second bunch. The tongue dorsum has
clearly a convex shape, but the highest point is lower than for [e]. Based on this
observation, the Viby-i is also described to have a lowered tongue gesture compared
to standard [ i, anfl only 5 out of 18 speakers analysed in Westerberg (2019) have
similar tongue heightsfor/ i and/ e., /

In sum, the Viby-i is analysed as a vowel phonologically and phonetically which may
be represented with the symbol [K (Bjorsten & Engstrand, 1999). It has a centralised
formant structure compared to [ i and is frequently produced with a lowered tongue
dorsum compared to other high vowels. A double-bunched tongue shape is found in
its articulation. The articulatory characteristics of the Viby-i do not suggest a fricative
analysis, but a lowered and backed vowel compared to high vowels. The role of the
tongue in producaiznog gfér iiccatsitad lorun&kdwar

KAT_YF_01 standardised mean splines
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Figure 2.7. Tongue splines showing a double-bunched tongue shape of the Swedish Viby-i.
This figure is reproduced from Figure 66 in Westerberg (2016). The [i] denotes the Viby-i
in this figure.
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The Viby-i seems to be different from the apical vowels in both phonological
behaviour and phonetic implementation. Phonetically, the most noticeable difference

is that the frication noise is not a typical characteristic oft hi s segment; t he
or O6buzzingd quality is not systematically
contour does not argue for a consonant analysis. Phonologically, the Viby-i is not
conditioned by the consonantal environment, and its distribution is not linked to any

sibilant sounds.

The resemblance between the Viby-i and the apical vowel [B] is firstly reported by

Karlgren (1915: 295). He does not provide any description or argument on this
resemblance, only stating that the apical vowel [B] i dres@nalogued t o tilHes Vi by
comparison only concerns the apical vowel [B] but not [{. It is reasonable to assume

that apical vowel [, which is the variant attested in JHC, is not analogous to the

Viby-i.

2.2.3.2. Lendu vowelless syllables

Lendu (Glottocode: lend1245, 1ISO 639-3: led) is a Central Sudanic language within

the Nilo-Saharan language family (Kutsch Lojenga, 1989). It has eight underlying

vowels, but the exact phonetic characteristics of each sound are not clear. Kutsch

Lojenga (1989) presents three [+ATR] vowels /i u > and fi ve [ TATR]
/W, U o T /as underlying vowels for Lendu. The segment in Lendu that resembles

to the apical vowels in Chinese languages is the nucleus of theso-c al | ed &évowel |
syl l abl esé. The description of the vowell es:
be compared to the descriptions of the SC apical vowels presented earlier in section

2.2.2.1, they are nearly identical from a phonotactic point of view:

... Lendu (has) on the surface so-called ‘vowelless syllables’. That is, in
certain instances the vowel nucleus of the syllable seems to consist of a
continuation of the consonantal syllable onset, without displaying a clear
vowel quality.

...these vowelless syllables are manifested with the following consonants as
onset: s, z, and r, and all complex consonants ending in any one of these
three: ts, dz, n(d)z, tr, dr, ndr ... pr, kr, kpr, gr, gbr, mbr, ngr, ngbr, dr,
trand§S.

We should note that when the syllable onset s or ts spreads to the nucleus,
it acquires voicing in order for the tone to be realised. Phonetically it is as if
the s or ts onset is followed by a nucleus consisting of z. The old spelling
systems of Lendu ... reflect this (z nucleus). ... In the following examples the
first z or r belongs to the onset, the second one to the nucleus.
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kTz£ fire’ rr * medicine’
dzz ‘ground’ ndrr ‘goat’
ndzz ‘Yesterday’

(Kutsch Lojenga, 1989: 119-120)

As this citation shows, the Lendu vowelless syllables parallel the SC apical vowels in
three aspects:

0] In Lendu and SC, there exist two types of segments. The first one is a
[z] -like segment and the second one is a [r] -like segment (or a rhotic-
like segment).

(i) The [z] -like segment occurs after [s ts t s @ ]SC and after [s ts z dz
n(d)z] in Lendu. The [r] -like segment occurs after [L tL tL'Q in SC and
after [r tr dr ndr pr kr kpr gr gbr mbr ngr ngbr dr +r 3] in

Lendu. They are arguably homorganic to their onsets.
(i)  They are all obligatorily voiced since they all serve as tone-bearing units.

The phonetic nature of the [z] -like segment!? in Lendu is studied in Demolin (2002).
He reports that there is obvious continuity in the frication from the sibilant onset to the
z-like nucleus, as can be seen in Figure 2.8.

8000 '

3000 ms 3250 300 3750 4000

Figure 2.8. Spectrogram and acoustic signal of the Lendu word ss ‘t6 prepare beer’, it has
an onset [s] and a [z] -like nucleus. This [Z] -like nucleus is described as phonologically
vowelless. This figure reproduces the Figure 17 in Demolin (2002: 485).

Demolin (2002) reports that in a [z] -like nucleus preceded by an onset [z], the noise
is concentrated between 3000 Hz and 5000 Hz. He also notices that when the [z] -
like nucleus is preceded by an onset [s], as shown in Figure 2.8, the frication noise

11 The [r] -like segment was not studied in Demolin (2002).
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continues into the syllable nucleus but with less amplitude. The tone is realised
during, and phonologically associated with, the voiced nucleus.

Demolinbds (2002) aerodynamic dat ssifflendut her s
the intra-oral pressure behaves in a different way compared to other syllables with
normal vowel nuclei. The intra-o r a | pr es s urafter a3 moaease oftplessure o

corresponding to the narrowing of the vocal tract, pressure decreases gradually up to

the end of the syllable6 ( Demol i n, 200 2: sshovir in Figurel2B.s patt
Demolin believes that this gradual decrease of intra-oral pressure is correlated to a

gradual release of the constriction in the vocal tract, and some constriction is

maintained during the vowel. Based on this observation, he further argues that the

nucleus in the Lendu word ss has two gestures: an alveolar fricative and a second
6apical dorsal vocoidd gesture.

The case of Lendu vowelless syllables is particularly relevant in the analysis of
Chinese apical vowels since they are phonotactically and phonetically similar. The
resemblance between the [z] -like nucleus in Lendu and the apical vowel [ in JHC
will be further highlighted in the general discussion (see section 6.3).

Signal
ﬁ'vlllHl'llt:lllllm|;nnnn‘?)‘l’¥“”“““—’——
EGG
E
/»-/‘\__\ Intraoral pressure
/
10 7 ! \ ey
// 1“‘
// " W,

0 HPal- )

0 ms 200 400

Figure 2.9. Acoustic signal, EGG signal and the intra-oral pressure of the Lendu word ss. £
This figure is the Figure 21 in Demolin (2002).

2.2.3.3. Mambila fricative vowel

Mambila (Glottocode: mamb1312) is a Bantoid language of the Volta-Congo
language family (Connell, 2017). It comprises several dialects or languages
straddling the Nigeria-Cameroon border, some of which are mutually intelligible
(Connell, 2007). The Len dialect of Mambila, as described in Connell (2007), has
nine phonological vowels /i Kd, u e , 0o 6 a/. The fricative vowels in Len are

traditionally analysed as the result of a spirantisation process affecting the vowel / K
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when it is preceded by palatal or labiodental consonants. They are noted using
digraphs [‘QJe and [vdse], reflecting their complementary distribution: [(je following
labial plosive [b] and postalveolar fricative [l], [vde following consonants
[t d k f v] and pre-nasalised consonants [df d V].

The fricative vowel [‘QJecan have a clear front vowel quality [i] or a more centralised
quality [ depending on the speaker. The following examples of the syllable [b(eare
from two different speakers, illustrating the presence of frication noise on this fricative
vowel.

The two examples are described as having alveolopalatal frication (Connell, 2007). It
is notable that the frication noise of these two fricative vowels patterns differently. In
the first case (Figure 2.10 left image), the frication seems to appear right after the
labial release and disappears in the middle of the syllable nucleus. The syllable onset
being a [b], it is not possible to analyse this frication noise at being part of (or
influenced by) the onset. In the second case (Figure 2.10 right image), the frication
noise is observable after the labial release at around 5000 Hz and at the end of the
syllable nucleusinarange o f 1 510000000 Hz. 't i s stildl not
origin of the frication noise to the syllable onset. Connell (2007) does not provide
acoustic signals of the two examples, but he notes that when asked to do several
repetitions of the same word, the frication noise varies in intensity and frequency,
sometimes it may also disappear entirely and this disappearing of frication noise has
no noticeable effect on vowel quality.

10000} 10009)

6000

5000

4000

3000

2000

1000

mmﬂﬂ'im’”" L

3
=3 100 2 3 4 ™

Figure 2.10. Spectrograms of Len (Mambila) fricative vowel with alveolopalatal frication.
These two syllables are hoth [b"(e‘ask’ and are from two different male speakers. This
figure is reproduced from the Figure 5a and the Figure 5b in Connell (2007).

As observed in Figure 2.10, the fricative vowel [‘Qlehas a F1 at around 500 Hz and a
F2 at around 2000 Hz. Considering that the examples are from male speakers, this
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formant structure is different to what is observed in the apical vowels in Chinese
languages. Moreover, the end-frication observed in [‘Qleis not superposed on voicing.

The fricative vowel [vdg has a high central unrounded vowel quality, and it is
described as having labiodental frication noise (Connell, 2007). An example having
[vde as a nucleus is presented in Figure 2.11. As observed in Figure 2.11, the [kvds|
syllable has a slightly aspirated [k], and the frication noise seems to appear at the
end of the nucleus, not at its beginning. Connell (2007) notes that there is no
intervening period of frication between the consonant and the vowel. Again, this end-
frication, similar to the end-frication observed in [‘Qle cannot be argued to be part of
the syllable onset [k] and is not superposed on voicing.

As Connell (2007) summarises, the vowel qualities of the two fricative vowels are not
schwa-like, and the end-frication cannot be directly associated to an onset consonant.
He further argues that the frication associated with the fricative vowels in Len is best
seen as a vowel feature. This analysis is identical to the proposal of Ladefoged and
Maddieson (1996: 314) presented above.

The fricative vowels in Len do not resemble the apical vowels in Chinese languages,
neither phonologically, nor phonetically. It
Ladefoged and Maddieson (1996: 314) is more suitable for the fricative vowels of

Mambila than for the apical vowels of Chinese languages.

i ;irlt
:"'01 MHO

luﬂ |

I
me 100 200 300 400

Figure 2.11. A spectrogram of Len (Mambila) fricative vowel with labiodental frication. The
syllable [kvdd ‘strong’ is from a male speaker. This figure is reproduced from the Figure
6a in Connell (2007).
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2.2.3.4. lkema fricative vowel

Ikema (Glottocode: ikem1234) is a Ryukyuan language belonging to the Japonic
language family. It is spoken on lkema Island, Sarahama (Irabu Island) and Nishihara
(main Miyako Island) in Miyako-jima City of Okinawa Prefecture. Like other Ryukyuan
varieties, Ikema is generally not spoken by the younger generations (Hayashi, 2010).
lkema has four main vowels /i u a K and two other vowels /e o/ which appear
only in interjection of sentence final particles (Hayashi, 2010). The vowel argued to
be the oOfr i dH.tikermads adaoguagé With & veord-tone system. Lexical
tone appears at the right-most position of the lexical word. Two tones (a rasing/high
level tone and a falling tone) are observed in the Ikema tonal system (Hayashi, 2010).

The /K vowel must be preceded by a consonant, restricted to /s z ¢ f/ . Itis argued
that this vowel /K contains frication noise and can be transcribed using the /d./
symbol or even the apical vowel symbol [[J (Fujimoto & Shinohara, 2018). Fujimoto &
Shinohara (2018) studied this vowel /K with MRI (Magnetic Resonance Imaging)
method. Their results show that the articulation of this vowel does not resemble that
of a close central vowel. As Figure 2.12 clearly shows, / K has a narrowed oral cavity
at the alveolopalatal area, with a raised tongue tip for both speakers and a raised
tongue dorsum for the first speaker (left image). The F1/F2 pattern shows that this
vowel occupies the place of a close central vowel in the acoustic space (F1 around
380 Hz and F2 around 1380 Hz).

Figure 2.12. MRI images of the central vowel (fricative vowel) of lkema language from two
speakers. This figure is reproduced from the Figure 1 in Fujimoto & Shinohara (2018).

The lkema vowel /K has several similarities with the apical vowels in Chinese
languages, these similarities can be found on both phonological and phonetic levels.
Firstly, the vowel /K appears only in nucleus position and can only be preceded by
fricative consonants. This restricted distribution mirrors the SC and SWC apical
vowel (see section 2.2.2.1 and section 2.2.2.3.3), which can only be preceded by
alveolar fricatives. One small difference though is that the onset fricative consonants
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in Ikema, namely /s z ¢ f/ 12, do not have the same place of articulation. However,
recall that the apical vowel in JHC, HMC and QMC (see section 3.5, section 2.2.2.3.1
and section 2.2.2.3.2) can all be preceded by labial consonants (though not /f/ ).
Secondly, lkema is a tonal language. The vowel /K serves as a tone-bearing unit,
just like any apical vowel in Chinese languages. Thirdly, the vowel /K contains
frication noise,andi t i s al so called ofricative
vowel symbol [ . Its F1/F2 pattern resembles that of an apical vowel. Its articulation
is studied for only two speakers but the results obtained are comparable to the JHC
apical vowel. The two speakers in Figure 2.12 present two different gestures: the first
speaker (left) has a slightly raised tongue tip and a high raised tongue dorsum, the
second speaker (right) has a raised tongue tip but the tongue dorsum is flat. This
similarity is also reported in 5.2.2 with comments.

Overall, the Ikema fricative vowel providesanewcaseof oOfri cati ve
to the apical vowel in Chinese languages. The similarity, which merits further
investigation, lies in both the phonological function of the segment and its articulatory
configuration.

2.3. Summary of the review

In this review, apical vowels in Chinese languages and similar sounds in non
Chinese languages are presented with a focus on their phonological status, and their
phonetic manifestation. As sections 2.2.2 and 2.2.3 show, apical vowels can vary
both in phonological behaviour and phonetic implementation.

Phonetically, the presence of frication noise on apical vowels is at the centre of the
debate since it is one of the main factors that help determine their phonetic nature.
The presence of frication noise argues for a fricative/sibilant analysis and the
absence of frication noise argues for an approximant/vowel analysis. Depending on
the dialect, and sometimes on the speaker, apical vowels may exhibit a more or less
important frication noise or even no frication noise at all. Any generalisation on the
phonetic nature of apical vowels needs to take this variability into account.

The articulation of the apical vowels is less known to researchers, as experimental
studies have only been done on the variants that occur after alveolar sibilants (i.e.,
SC and SWC). Indeed, there are no articulatory studies conducted on apical vowels
occurring after consonants other than alveolar sibilants. It is natural to relate the
articulatory similarity to the phonotactic constraint between the apical vowels and the
sibilant onsets and argue that the onset and the nucleus (i.e., the apical vowels) are
homorganic. But this is simply not applicable to all apical vowels in Chinese
languages, since not all apical vowels occur after alveolar sibilants only. The

12 The /c/ consonant has two allophones [ts t8] (Hayashi, 2010), there is no description on their distribution. The
vowel / K seems to occur only after the allophone [ts] (Fujimoto & Shinohara, 2018). It may be the case that the
/ K vowel occurs only after coronal fricatives and affricate [s z ts] and labial fricative [f] .
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articulatory characteristics of the apical vowels after labial consonants should reveal
their true articulatory nature since the labial onset should not have any influence on
the tongue gesture of the following nucleus.

Phonologically, apical vowels do not display similar behaviour across Chinese
languages. Depending on the dialect, they can have a more or less restricted
distribution and they can be phonemic or non-phonemic. It seems that the apical
vowels always occur after alveolar sibilants but can also occur additionally after labial
consonants and even lateral consonant; the occurrence of the latter implies the
occurrence of the former.

Last but not least, the similarity between apical vowels and other segments in non-
Chinese languages is not always based on solid grounds. It seems that the apical
vowels in Chinese languages resemble only to the vowelless syllables in Lendu and
the lkema fricative vowel as discussed in section 2.2.3. The reported similarity
between the apical vowel and the other two segments (i.e., the Swedish Viby-i and
the Mambila fricative vowels) is overestimated.

This review raises several questions about the phonetic and phonological nature of
the apical vowel in JHC:

- Are apical vowels produced with frication noise? If so, is it systematic or
occasional?

- What constriction in the vocal tract is responsible for the generation of the
frication noise?

- How are the apical vowels articulated? More precisely, are they articulated
with a fricative gesture or a vowel gesture?

- The apical vowels are not always homorganic to their onset consonants since
they are not always preceded by alveolar sibilants. How do they behave
articulatorily when preceded by non-alveolar onsets?

- Itis also clear that the apical vowels do not have the same phonological status
in every Chinese language. How do they behave when they are not allophonic
to high vowel [i] asin SC?

There is only one apical vowel in JHC, the one that is described as an apical front
vowel or dental apical vowel with the symbol [[. | adopt the / z/ W¥ymbol to transcribe
this segment in JHC, following Dell (1994), Wiese (1997), Yu (1999), Duanmu (2007)
and the IPA symbol guidelines (IPA, 2010). This symbol, as | shall show, reflects the
phonetic nature and the phonological function of the apical vowel in JHC: a voiced
alveolar fricative that occupies the nucleus position of a syllable. When mentioning
the other apical vowels in Chinese languages, the [z] notation is adopted for
simplicity.
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Chapter 3
Jixi-Hui Chinese

In this chapter, a detailed description of the sound inventory of JHC is provided. The
chapter is organised as follows: consonants, vowels and tones are described, with a
focus on syllabic consonants / meh/efv] WThe apical vowel /z/ vand its phonological
behaviour are presented at the end of the chapter.

The present description of the sound inventory of the language is mainly based on
Zhaoods (1989, 2003) wor k, but | al so provi dt
based on my own observations.

3.1. General introduction

at

long

Figure 3.1. Location of Jixi county 4 in China. The coloured zone in A corresponds
approximately to the area of Hui  group Chinese language (Li et al., 1987) , the red dot
in B corresponds to the town Huayang , the administration centre of Jixi county.
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JHC (Glottocode: jixil238) is a Hui  group Chinese language (ISO 693-3: czh,
Glottocode: huiz1242), spoken in the Jixi county A in Anhui province (Li
et al., 1987). It has two major variants, the Lingnan ~ variant and the Lingbei

N variant (Zhao, 1989, 2003). The administration centre is located at the town of
Huayang where the Lingnan variant is spoken. The recent descriptions
(Hirata, 1998; Zhao, 1989, 2003) and the present study are all based on this variant.
The most recent population census reported 160 000 inhabitants in Jixi County
(Anhui Bureau of Statistics, 2019). Although JHC is still widely spoken in both
professional and familial contexts, the youngest generations predominantly speak SC,
which is the language of education. Figure 3.1 shows where the Jixi county can be
located on a map of China. The red dot in Figure 3.1-B represents the town Huayang,
where all our recording sessions took place.

3.2. Consonants

Table 3.1. Consonant inventory of JHC.

Bilabial Labiodental Alveolar Palatal Velar Glottal

Plosive ppoO tt O k kO 0
Affricate tstsO
Nasal m n
o f S X
Fricative
Y% z
Approximant w jY

The examples shown in Table 3.2 are chosen according to the following criteria: a
nucleus /a/ is used whenever possible; the tone /Y is used whenever possible,
otherwise the tone /1/ is used, or the tone /" /" is used if no lexical item is available.
Exceptions are [nz YifiYTg [kwa™] and [60Y; /n/ occurs as onset only in [nz pand
before nasal vowels; /w/ occurs only in combination with /k k ‘Odonsonants; /Y/
has a very limited distribution, /Y 0YT YCYa0 Yed/ are the only syllables in which
/Yl occurs as onset; / 0/ appears as syllable coda in closed syllables with checked

tone and only idiosyncratically as syllable onset (see below) . -bhenad ks t he
where the corresponding orthographic transcriptions are not available.

42



Table 3.2. A list of JHG items with orthographic forms and glosses illustrating the

consonants.

Phonetic  Orthographic Gloss
p pa M, Oback?©o
pO p®Y omatcho
m ma . 6chil do
f fa 1 6returno
v va 1 - Omake a fussbéd
t ta M 6pairéd
t O t O 6recedebd
ts tsa M ‘A 6againb
t sCt 20, 6vegetabl ed
n nz 1 6soil o6
S sa 6brokenod
z zZ WY 6greasybo
w kwa M. - Ospill o
j ja~ "~ ¥ 6t ood
Y Y19 O6moi stenbd
k ka 4. 6l i do
kO k® "~ 6standd

- 6l ovebd
X xa 1 6chil dé
0 00V | (asin ) 6paternmbt bean

In this section, the allophonic variants of the consonants, their distributions, and their
possible position in a syllable are presented. There is ho experimental study known

to the author on the phonetic nature of the consonants in JHC.

3.2.1. Plosives and affricates

All plosives and affricates occur only as syllable onsets and are paired as aspirated
and non-aspirated, except for the glottal plosive /0/. Aspirated / p Ot Q s ‘@re
strongly aspirated with a much longer VOT compared to their non-aspirated
counterparts /p t k ts/. As mentioned above, the glottal stop occurs as syllable

coda when the syllable has a checked tone (as in [[a0Y. 61 eaf &) .

A

It

al

idiosyncratically in onsetless syllables, as for example in the form /& / 6 speech 6

which can be realised as [08 ].
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The bilabial plosives /p p Odan precede the apical vowel / z/ Yas well as oral vowels

and nasal vowels /& u @ 0 6 a T # Y in open syllables (e.g., [pal 6 b a dpk §& 3.

6cl osed) . I n cl osed sonlyldadd sosvels (d.dy oY dam pr e
s he[pdd® 6 ndpddY.6ei ght 8) . They can &l gide. Zzba® f ol | ©
(1989, 2003) presented one syllable [pi ][Yd st e | a &/p/i can befolioveed by a /i/

vowel; this syllable is considered illegal by the speakers recorded in the present

study and t he \visprmorbunted[paYirsteae.l a 6

The alveolar plosives /t t Odre produced with the tongue tip against the alveolar
ridge; but they can be produced with the tip of the tongue against the upper teeth
when preceded by /i a/ vowels. They can occur before the glide /j/ and are
palatalised in that context. They can also occur before /& u & 6 T ¢ »/ vowels in
open syllables and before /& o/ in closed syllables (e.g., [t& 6 hi o@$ddot 6) .

The velar plosives / k k ‘Odan also occur before /4 u & o 6 T ¥y »/ vowels in open

syllables and before /& o o in closed syllables (e.g., [k 76 wr dkp®|,6 angl ed) ;
they are palatalised when followed by front vowel /i/ . However, they can only

precede /w/ glide, and the lip rounding starts at the same time as the velar closure,

the entire consonant being rounded.

The alveolar affricates /ts t s @dve the same place of articulation as their plosive
counterparts, and they can also be dentalised when preceding /i a/ vowels. They
can precede /i & u & 0 6 a z T y» vowels in open syllables and /& o &/ in

closed syllables (e.g., [tsd 6| dtéottd6cat chd), but cannot pre
the context of /y € vowels or /] Y/ glides, they are realised as alveolo-palatal
affricates [t8 t8Q (e.g., /tsy / Ttdy ]®mout hé). These all ophones

the tongue apex against the alveolar ridge and the anterior of the hard palate.

3.2.2. Fricatives

JHC has four fricatives in four different places of articulation: /f v s x/. The labial-
dental fricatives /f v/ occur as onsets preceding oral and nasal vowels
/i udoaTy inopen syllables and preceding /o in closed syllable; but they
cannot be followed by any glide (e.g., [faY.6 d u Bd0¥. ¢ | a w]dorcurs also as an
allophonic variant of /u/ vowel, as will be discussed in section 3.2.5.

The alveolar fricative /s/ has an allophonic alveolo-palatal fricative [0] variant; they

have the same place of articulation as their plosive and affricate counterparts, and

display the same distribution as them: the palatal fricative [6] occurs only before

vowels /y € and /j Y/ glides, while the alveolar fricative [s] occurs before
liaudooazTy» (eg.,[si ]6wadsyd/ [y Jowaterd). [F@he alv
can also be dentalised when preceding /i a/ vowels.
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The velar /x/ occurs as an onset preceding oral and nasal vowels
/i @ dooaTs Yy butcannot be followed by any glide (e.g., [xa [6sead) ; it
palatalised when preceding the vowel /i/ . This velar is highly uvularised when
preceding back vowels and could thus arguably have an allophonic [ "Ojariant in
/xo x& x06 xT x»/ syllables (e.g.,/x0 / T® 15 d o wxdd/[[@& J6goodo) .

3.2.3. Nasals and lateral

JHC has three nasal consonants /m n _ [ the alveolar nasal /n/ has three
allophonic variants [n © 1]. The nasal / _ #nd the allophonic variants [ [] can only
occur as syllable onsets, while /m/ and [n] can occur as syllable onsets or as
syllabic consonants. The syllabic /m/ and [n] will be discussed in section 3.2.5.

When it is an onset, the labial nasal / m/ can be followed by the apical vowel / z/ ¢the

oral and nasal vowels /& d o 6a T ® Y (e.g, [md 76 s o me dmzedb4, T i ce d) ,
and it can also be followed by the /j/ glide. Zhao (1989, 2003) presented a [mi ] ~ |
O6beauti ful 6 s[m]lchnabk folowed hy /il HThiscskllable is considered

illegal by the recorded speakers in the present study. They argued that the Chinese

character 6beauti fulé is[myafher pronounced

The alveolo-palatal [ ] is produced with the tongue apex against the alveolar ridge
and the anterior of the palate, akin to [t6 t60 6] consonants. Chinese dialectologists
have been using the non-IPA symbol [ © {o transcribe this sound. The different
variants of the alveolar nasal /n/ have a complex distribution: the alveolar [n] occurs
as onset with the apical vowel / z/ vind can also function as a syllabic consonant (e.g.,

[NzWo6T nd) ; tphlaal [a ] ocaurs hsoonset only with /y/ and can precede

/j Y glides (e.g., /ny /" [y ]"6womend) ; t [ eoccursa betone a |

/i @ ud oo al as onsetand cannot be followed by any glide (e.g., /ni 7 Tli ] .
owill owbd) . However, i f the rime i[glaadth@monopht

lateral [I] can be in free variation, thus [I T] and [nT],¢[l{ and [n, [I»] and [n»] are
equally acceptable.

The velar nasal /. /occurs as onset with oral and nasal vowels /i @ & o 6 a T ¥,

it cannot be followed by any glide (e.g., [ j ] ©1 ot us[ Tr§oodctodv,e /&) . /
palatalised when followed by /i/ and /4, produced in this case with the tongue

dorsum against the posterior of the hard palate.

3.2.4. Approximants

In recent IPA descriptions of Chinese languages (Chen & Gussenhoven, 2015; Li et
al., 2019; Zeng, 2020), the segments [[ Y w] are denominated by two different
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terminol ogi es: approxi mant and glide. Al t ho
used interchangeably, a distinction could be made depending on their role within a

syl |l abl e: 60glided when ntand ¢Ppapproxi momt & uv
the margins of the syllable. Duanmu (2007) and Li et al. (2019) consider for SC and

Tianjin Mandarin, that the [] Y w] are part of the syllable onsets. In Shanghai

Chinese (Chen & Gussenhoven, 2015), the glides after alveolo-palatals are argued to

be mere transitional elements. Traditionally, the JHC [] Y w] are analysed as being

part of the syllable nucleus and form diphthongs with the following vowel (Zhao, 1989,

2003).

In JHC, the exact phonological and phonetic nature of these sounds will not be dealt
with in the present study. The phonotactics are presented without further
phonological analysis. The described common practice is followed. The [ Y w]
segments are presented in syllable initial position and referred to as approximant
onsets. They are referred to as glide in post-consonantal, pre-vocalic position. None
of them contrast with their high vowel counterparts in both positions.

Amongst[j Y w], only [j Y] can occur syllable initially (e.g., [ja 6t o666 ever 6) .
These initial approximant onsets are alveolo-palatal, with lip rounding for [Y]. The

onset [j] occurs before [0 0 & e T €»] in open syllables and before [a 0 €] in

closed syllables. The onset [Y] occurs before [a 6 T § in open syllables and before

[a €] in closed syllables.

All three [j 'Y w] occur at post-consonantal, pre-vocalic position (e.g., [pje ]dwat ¢ h 6,
[piT 46br e[ Dt ofkwad] 6.t ur redlde [w]Tdamly occurs after /k k O/
consonants (e.g.,, [kwaf o6sp k@ o6f r agment 6) . They can b
/i 6 aT ¥ inopen syllables and by /6 &/ in closed syllables. The glide [Y] only

occurs after /ts t s ®n/ consonants. These consonants are palatalised and

realised as their allophonic variants [t& t606 "] (e.g., /sYa [ ¥ 0t o ¥ o) .

can be followed by /a 6 T € in open syllables and by /a e/ in closed syllables.

The glide [j] has the largest distribution, it occurs with /p pQOn t t @ t s ©On/

consonants (e.g., [pje o wat/sjii 8 Gjjoawaked). |t triggers |
of ts t s &n/ which are realised as their allophonic variants [t6 t606 ~ ]. When

preceded by labials /p p ‘On/ and alveolar plosives /t t Q the glide [j] can be

followed by /e T/ sin open syllables and by /e/ in closed syllables. When preceded

by [t6 t6OG6 " ], the glide [j] can be followed by /6 0 & e T #/ in open syllables

and by /a o e/ inclosed syllables.

More detailed phonological analysis is necessary in order to fully understand the
behaviour of the three glides in JHC. Based on phonemic economy, co-occurrence
restrictions and rhyming patterns in poetry, a more adequate analysis would probably
be to consider the glides as part of the onset. For example, in rhymed folksong N°20
of Luods (19Bm@)k fitled 1 ekcand [lavil Jo are the rhymes of four
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verses. Even though the [j] in [jT J2id arguably the onset of the syllable, it is clear
that the presence of glide [w] does not change the rhyming pattern. Hence [w]
cannot be analysed as part of the rhyme. As far as this example is concerned, it is
more convenient to analyse the glide as part of the onset of the syllable and the
rhyme is thus / T/ 2

Table 3.3. The distribution of the onset consonants and the glides [ w Y] in JHGC.

labial alveolar occur
plosives nasal plosives nasal sibilants velar as onset
j yes yes yes yes  yes no yes
Y no no no yes  yes no yes
W no no no no no yes no

The phonological status of the glides is crucial in establishing the syllable structure of
JHC. Indeed, a maximal Chinese syllable, regardless of the dialect, is often thought
to contain four positions, or CGVX, where C is a consonant, G a glide, V a vowel,
and X either a consonant or the second part of a long vowel or diphthong (Duanmu,
2011) . Il n JHC, t h d stajus delinesstite mpxmalnsylabte:gifi the a
glide is affiliated to the onset, then the maximal syllable is CV0, where the C could be
a consonant with double articulation (e.g., / m¥3 if the glide is affiliated to the rime,
then the maximal syllable is CGV). In any case, the onset is optional, the nucleus is
obligatory, the coda is optional and can only be a glottal plosive / 0/ .

3.2.5. Syllabic consonants / n wand [v] W

In this section | present the phonological behaviour of / n wjand [v] Wonsonants; the
apical vowel /z/vis presented in section 3.5. The two syllabic nasals /n W are
presented in the first place, before dwelling on the more complicated case of the
syllabic fricative [v] ¥

Syllabic nasals are rather common in Chinese language. In SC, the syllabic nasals
are used in interjections (Duanmu, 2007), but lexical syllabic nasals are attested
widely in other Chinese languages (Duanmu, 2011) (see also section 6.4). In JHC,
/ men/vare lexically developed on several tones. All lexical items with syllabic / men/w
according to the JHC dictionary (Zhao, 2003) are presented in Table 3.4. Despite the
limited lexicon, they are full lexical items and are extremely recurrent in daily speech.

BThis analysis f ol l ow3dide Bombinaton (€6 cofimnation) prgposal (Duanmu, 2007: 25),
since he argues that there is only one time-slot in the onset which C and G must share. The other possible
analysis would be that CG form a complex onset. In this case the maximal syllable would still be CGVX where C
and G are both affiliated to the onset.
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Articulatorily, the syllabic nasals /n ek are produced with maintaining the
consonantal gesture during the whole duration of the syllable: the tongue does not
move in a / n/esyllable after the alveolar construction; the lips do not open in a / meJ
syllable. Since they are pronounced without opening of the articulators, it is hard to
claim that they contain a vowel (Duanmu, 2011). Therefore, they are the rhyme of the
syllable and the tone-bearing unit.

Table 3.4. A list of JHC items with syllabic / meh/ wpresented with orthographic forms and
glosses (Zhao, 2003).

Phonetic Orthographic Gloss

my 1 6no, nonebd
my =~ " 6f emal e ani
my =~ " 6mot her 6
nwi i 6sonod

ny " @ 6youbd

nwy. Y 0t woo

nwy, 6t his, here

In addition to the syllabic nasals, the /u/ vowel in JHC has an allophonic [v] Wariant,
which occurs exclusively in syllables with a /f v/ onset. Zhao (1989, 2003) noted
that when onset /v/ is followed by /u/, the syllable is realised as [v]¥the same
phenomena is observed with a /f/ onset. Phonologically, [v]¥s in complementary
distribution with [u] in the syllable nucleus position, and they are both the rhymes of
the syl |l abl e. I n rhymed f ol ks ¢vnpghd fkA B &e
the rhymes of two verses. This suggests that syllabic [v] ¥ the rhyme and the tone-
bearing unit of the syllable, just like [u] .

Articulatorily?4, in /fu wvu/ syllables, when the upper teeth and the lower lip achieve
the fricative gesture for onsets, they do not move until the end of the syllable. It also
seems that the tongue achieves the /u/ position during the onset and maintains this
position throughout the entire duration of the syllable. A consequence of this is that
the syllabic [v] ¥ highly velarised, and can thus be transcribed more appropriately as
[VA4 Table 3.5 provides a list of items with [v] ¥nh nucleus position. As we can see,
this syllabic consonant can occur with all tones; but occurs only in open syllables and
not in closed syllables (i.e., not on the checked tone).

14 There is no articulatory study available on the syllabic [v] ¥h JHC. To the best of my knowledge there is no
articulatory study on any syllabic [v] ¥h Chinese languages. The articulatory description given here is based on
my impressions as a native speaker.
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Tabhle 3.5. A list of JHC items having [Vv] Wucleus with orthographic forms and glosses.

Phonetic Orthographic Gloss

fv WY Ohusbandbo6

fv w1 6fl oat o

fv i~ ~ 6tigerd

fv Wy 6richo

fv Y 6househol do
YAURN 3 6bl acké

VAU 6nonebd

ve Ty 6fived

AR 6warm upbob
AR Opater nambt i

Syllabic [v] Vs less common in Chinese languages compared to syllabic nasals,
however it is attested in different groups of Chinese languages (see section 6.4 for
more details). Descriptions show that, not only in JHC but in all consulted
descriptions of Chinese languages, the syllabic [v]¥s always allophonic to /u/, it
occurs when /u/ is preceded by [f v] (Zhu, 1995: 21; Hirata, 1998: 52, 69, 146).
This particular distribution parallels that of the apical vowel in SC. As discussed
earlier in section 2.2.2.1, the SC apical vowels occur after dental and retroflex
sibilants while [i] occurs elsewhere. There exists a co-occurrence restriction between
the vowel [i] and the apical vowels. Based on this phonological patterning, the apical
vowel s have been argued to be O6vowel s
syllable and the tone-bearing unit, akin to the vowel [i] .

The exact same behaviour can be found for the JHC syllabic [v]vand [u] 1°. The
syllabic [v]¥bccurs after labio-dental fricatives while [u] occurs elsewhere. The
syllabic [v] Was the same phonological function as [u] : it serves as the nucleus of a
syllable and as the tone-bearing unit. Based on the phonological patterning and
following the apical vowel example, one could possibly argue that the syllabic [v] ¥ a
0l abi ad ivmowedmpl ementary di §u}.mMo theubdest ofrmy
knowledge, no researcher has ever argued in this direction for the syllabic [v] ¥h JHC
or in any Chinese language that contains this segment.

On the phonological level, the onset consonant /v/ is phonemic, it occurs as onset
and is not conditioned by any specific phonotactic constraint (i.e., it has exactly the
same context of occurrence as its non-voiced counterpart /f/ ). Its phonetic

15 The phones [v W] with the same distribution as in JHC are found in Shanghai-Wu Chinese 3 (Zhu, 1995,
2004), Shexian-Hui Chinese 1, Qimen-Hui Chinese , Wuyuan-Hui Chinese (Hirata, 1998), and
Meijiang-Hakka Chinese (Yuan, 1983).
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implementation (the tongue shape during the frication) is not velarised but may be
influenced by the following nucleus due to coarticulatory effects. The nucleus [v]¥
however, occurs only after /f v/ onsets. It is not a phoneme but an allophone of the
phoneme /u/ . Its context of occurrence is highly constrained by the onset
consonants and its phonetic implementation is systematically velarised.

The syllabic [v] ¥hay be accounted for by a feature spreading processes. That is, the
labial feature of /u/ is delinked and the labial feature of the onset /f/ spreads to /u/ .

This analysis is presented in Figure 3.2, only relevant nodes and features are shown
in the feature geometry (Clements & Hume, 1995; Duanmu, 2007).

This feature spreading analysis follows the basic assumption of the syllable structure
of Chinese languages (Duanmu, 2011). In a syllable, the onset occupies one time-
slot and the rhyme two time-slots. Since the rhyme consisted the nucleus /u/ only, it
occupies the two time-slots of the rhyme. The onset /f/ is linked to the C-place node
which dominates the place feature [Lab], which corresponds to the labiodental
constriction. The rhyme /u/ has two place features under the V-place node: [Lab]
and [Dor], which correspond to the lip rounding and the retracted and raised tongue
dorsum. In a /fu/ syllable, the feature [Lab] of the onset /f/ may spread from the C-
place node of the onset to the C-place node of the following rhyme /u/ , thereby
delinking the r hymepgase npde ale]to incontpatibility.t Thig
results in a syllabic rhyme that shares the [Lab] specification of the onset /f/ but
keeps its [Dor] specification. The phonetic output of the rhyme is thus a velarised
syllabic fricative [v] ¥

/fu/

X

X X X

| L~

C-place  C-place

]

[Lab] Vocalic

V-place

AN

[Lab] [Dor]

Figure 3.2. Feature spreading in a /fu/ syllable of JHC, only relevant nodes and features
are shown. [Lab] stands for [Labial], [Dor] stands for [Dorsal].
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3.3. Vowels

3.3.1. Oral vowels

JHC has nine monophthong oral vowels /i y & u e o & 0 a/, all of which occur in
open syllables, and /a 6 o &/ may also occur in closed syllables.

DR
NN
N

Figure 3.3. Vowel chart of JHC.

The examples below are chosen according to the following criteria: Onset /p/ onset
and tone /” " are used whenever possible; onset /f/ or a syllable without onset is
used when onset /p/ is not possible; the tone /Y_is used if the tone /" /" does not
produce the desired lexical item; the /je/ syllable is an exception due to the limited
distribution of /e/ .

Table 3.6. A list of JHC items with orthographic forms and glosses illustrating the vowels.

Phonetic Orthographic Gloss

=

i fi 7 n Obandi t
y y 6rainb
a a - - 6l oiter
u pu~ ~ 6compl e
e je” ~ 6haveb
0 po~ ~ 6handl e
a pd ~ 6full 6
0 po ~ 6boar do
a pa N 6cupbod

The vowel /il occurs after ff vttt @ tst sOk k'Q x/ onsets and /w/ glide
(eg.,[fi 16banfi 1dwal[ k6! ot udkwir pbghgst 6). |t occu
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open syllables. When it is preceded by /n/ , the onset consonant is realised as the
allophonic variant /I/ ; so the syllable /ni/ is produced as [li] . The vowel /i/ in JHC is
slightly diphthongised, the tongue apex starts at a slightly lower position than for a
typical /i/ and raises at the beginning of the vowel to reach the /i/ position, it can
thus be transcribed as [Li}, or [@ This diphthongisation exists on every /i/ vowel but
is more noticeable when /i/ is preceded by alveolar stops, affricates and lateral

consonants (i.e.,/t t @t s@d|[l]) (Zhao, 2003) . 't i s worth

(2003) description, the vowel /i/ occurs also after /p m/ onsets. He proposed the

following entries in the JHC dictionary: [pi ]V st e |[mi6],6betauf ul 6. These
syll ables do not exist in the 6écity accentod

acoustic study presented in Chapter 4, the recorded speakers produced the Chinese
characters as [paY. and as [my’] Tespectively. This observation is also
mentioned in section 3.5.2.

Iyl has a limited distribution, it occurs only after /ts t s ©n/ consonants, and these

onsets are realised as alveolo-palatals [t§ t608 "] (e.g., /tsy / Ttdy ]d mout hd)
occurs only in open syllables and can occur in a syllable without onset (e.g., [y ] ™.
6raind) . Despite its |imited distribution

vowels in syllables without onsets (e.g., [y 18 r ai [A06]6M 0.i t[@ '®| d[sW's T .
6alreadyo) .

/&l is a rounded central high vowel, which occurs after/p pQntt @ ts t s Ok

k Q x/ onsets and in syllables without onset (e.g., [paY.6 wa te® 6 | €xat]o_,
o6fired); it occurs dal§l oidé/asp@scribedyas 1okib | e s
earlier descriptions (Luo, 1936; Zhao, 1989, 2003), but the tongue body position and

the F1 value of this vowel all indicate that / &/ is a more appropriate transcription. Its

F1/F2 pattern is presented in section 4.2.3.

/u/ is a round back vowel, occurring after/p p T vt t @ ts t s Ok k Odnsets

and only in open syllables (e.g., [pu ] 6.r eplsuT o gr olkuwpgvall eyo).

syllable /nu/ is realised as [lu] . As discussed in section 3.2.5, when /u/ occurs after
/f v/ onsets, it is realised as its allophone, a velarised [v] ¥

/o & of vowels occur in both open and closed syllables. They all occur after

/IppOntt @dtst s©Ok kQ x/ onsets in open syllables (e.g., [po ]®handl ed,

[p& 7O f uppol G boar do) . /Adatéuts iaften/d W/ iy ppen syllables,
while / o/ can be found in onsetless syllables (e.g., [f6 T76 t ur n [0o]Wdmed ) . I
closed syllables, they all occur after /[p pOntt A ts t sOk k' QO x/ onsets

(€

and are followed by / 0/ (e.g., [po0Y.6t o a6 ooy oei ght 6) . Addit

in closed syllables, /& o/ occur after /f v/ onsets and / &/ occurs in closed syllables
without onset. As already stated, the syllables /no/ , /n&/ and /n &/ are realised as
[lo] , [1&] and [l ¢].
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/el is a front close-mid vowel, which has a limited distribution. It occurs in both open

and closed syllables but only after glides [j Y] (e.g.,[[e ]dhave[@ [Va.l sod vs.
[07]6el egalotjiowi 4 .di®d To¢sriendd). I n eéeAwdsingr desc
analysed as a monophthong vowel. Instead, it was analysed as part of diphthong

vowels /ie yel (Zhao, 1989, 2003) since the glides [j Y] were analysed as vowels.

The present analysis takes a different stance and does not treat /ie ye/ as diphthongs.

See also section 3.2.4.

The /a/ vowel occurs after /[p pOnfvitt G tst sOkkQ x| Y in open
syllables and after /j y/ in closed syllables.

3.3.2. Nasal vowels

JHC has four nasal vowels / T  y C. All nasal vowels occur only in open syllables;
they cannot be followed by the coda / 0/ .

Table 3.7. Nasal vowels in JHC and examples with orthographic forms and glosses.

Phonetic  Orthographic  Gloss

OH, pT ¢~ 6root ¢
» p» O0ti ed

pu ", 6fl at ¢
0 t8C~ " | 6i nspe

The vowel / T/ shas a tongue position similar to that of the back vowel /T / the lip is
not rounded. Itcan occurafter/p p On f vt t A ts t sOk k' QO x/ onsets, and
it can also occur after [ w] glides (e.g., [pT 6 o[of PGt oVjdrijd63hadowd) .

The vowel /»/ has the tongue position and the lip protrusion of /o/. It occurs after
IppOntt @ tst sOk k & onsets and in syllables without onset. It can also
occur after [j] glide (e.g.,[p» 10t [»€]®,shaked) .

The vowel /1 is more open than the oral vowel / e/, it could be transcribed as [, ].4t
occurs after /[p pOnfvitt dtst sOKk kQ x/ onsets and in syllables
without onsets. It can also be found after the /w/ glide (e.g., [pu 10 f I[auf]®,.ant 6,
[e']dear 6) .

The vowel / € is produced with the tongue position of /i/ . It occurs after /ts t s ©On/

onsets, which are realised as [td t808 "] (e.g., /tsCT [t6C]6checkdé) . 1t occ
after [Y] glide and in syllables without onset. Although /€ has a limited distribution, it

is a distinct phoneme contrastive to other vowels, especially to /4 (e.g., [C] ~.
6perfoymdeasd ]dswingd). Luo (1936) and Zhao
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JHC has nasal diphthong and triphthong vowels /4 i/, but they are not attested in
this study. The words proposed to have /y/ rhyme are produced with /4y rhyme
(e.g., [pu ] i8 produced as [py']); while the words proposed to have /iv/ rhyme
are produced with / € rhyme (e.g., [iy ] i8 produced as [C]).” .

3.4. Tones in citation form

JHC has six lexical tones, traditionally noted in tone letters (Chao, 1930) as follows:
tone 1 as 31, tone 2 as 44, tone 3 as 213, tone 4 as 35, tone 5 as 22, tone 6 as 32
(Zhao, 2003). The previous impressionistic description does correspond to the pitch
contour described by Li (2007) who observed speaker specific pitch variation in JHC
tones and described the tones as follows: tone 1 as high-falling, tone 2 as high-level,
tone 3 as low-dipping, tone 4 as mid-rising, tone 5 as low-falling, tone 6 as mid-falling
and short. Lids (2007) description is adopte

Table 3.8. Tones in JHC with orthographic forms and glosses.

Phonetic  Orthographic  Gloss

Tonel _ oV, 6safed
Tone2 _ Of 6cl i fféo
Tone3 .0 ~. 6shortd
Tone 4 | 01, 0l atebd
Tone5 0 . 6shorebd
Tone 6 , 0DV, 6duckéo

Tone 1 is high-falling; the pitch contour falls from the high range to the low end of the
speakerdés pitch range. I n traditional -tone |
falling tone (i.e., 31), but Li (2007) shows that the starting point of tone 1 is higher

than the average pitch of tone 2, which is a high-level tone. It is thus necessary to

describe tone 1 as high-falling rather than mid-falling.

Tone 2 is high-level. The pitch contour is flat and maintained at a mid-high range.
This tone can be produced with breathy voice.

Tone 3 is a low-dipping tone in citation form. The turning point is often marked by
glottalisation. The falling and the rising part of tone 3 have a similar pitch range (Li,
2007).

Tone 4 is mid-rising; the pitch contour raises from the middle and ends at a very high
range compared to other tones. The end of the tone could be realised with falsetto
voice.

Tone 5 is low-falling; it starts at a low range and ends at an even lower range. The
end of this tone could be realised with glottalisation.
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Tone 6 is the 6checked toned as it e/dlds wit|
which ends the voicing rapidly, makes the duration of this tone considerably shorter

than the other tones. This glottal plosive is the only coda permitted in JHC
phonotactics and it can only be preceded by /a e 0 & &/ nuclei. Zhao (2003)

notices that the / 0/ sound is more audible when tone 6 is on the first syllable of a

dissyllabic word.

3.5. Apical vowel [z] in JHC

JHC has four syllabic consonants: /n whegz/ vand [v] ¥in this section | present the
6api callz/wComparéddo other syllabic consonants, the apical vowel / z/ ¥s not
only a distinct phoneme but is lexically more productive. Syllables containing the

apical vowel account for 7.2% of the monosyllabic entries of the JHC dictionary
(Zhao, 2003)

3.5.1. Lexical distribution

The apical vowel in JHC can be preceded by /p p Qn n s ts t s Onsets. / z/ Wan
also stand for a syllable on its own, without a phonological onset. Examples are
shown in Table 3.9.

Table 3.9. A list of JHC items having apical vowel / z/ \is nucleus,
with orthographic forms and glosses.

Phonetic  Orthographic  Gloss

pz W "~ 6compe
poDw ~ 6quilt
mz v~ " 6ricet
nz v -~ 6i nd

tsz W~ 6pur pl
t g @ 6her et
sz v " 6di ed
zv o~ 6chair

The JHC apical vowel occurs also on different tones (e.g., [ m@dicr i t[ig@ s e 6,

6skj m@,06quj @oin od qediSip r e p a r £pdg vyllablenfor example,
the only voiced segment is /z/ WTherefore, it is natural to assume that /z/ vis the
rhyme of the syllable and the tone-bearing unit.

/ z/ Woes not occur in closed syllables. Hence, it cannot be followed by the coda / 0/ .
This limited distribution is however not specific to the apical vowel. Among all
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possible syllable nuclei in JHC (i yaueo & oaTs Cynwi [v]¥ only
/e o & 6 a/ can be followed by the / 0/ coda. Recall that the other syllabic fricative
[v] Wresented in section 3.2.5 has the same tonal distribution as the apical vowel / z/ ¥

3.5.2. Phonemic contrast

The JHC apical vowel /z/vis a distinct phoneme. It is contrastive to vowels in all
possible distributions and in particular, it is contrastive to vowel /i/ . A few minimal
pairs and triplets are given in Table 3.10 and Table 3.11.

Table 3.10. Minimal pairs between /i/ and / z/ dh JHC, with orthographic forms and

glosses.

Phonetic  Ort. Gloss Phonetic Ort. Gloss
sz W -~ 6di ed vs. si” 6washo
tsz W~ ~ 6purpled vs. tsi = " 6wal ko
t @ " 6hereb vs. tsO~ n 6ugl yo
pz WY, 6f emal e gVs. pi Y. O0stel a
mz W 6riced vs. mi " O6beaut

Table 3.11. Minimal triplets of / z & &/ in JHC with orthographic forms and glosses.
Pho. Ort. Gloss Pho. Ort. Gloss Pho. Ort. Gloss
pz W 6cl ovs. pal. 6baclvs. pay. Owi nnc
p DY 6far vs. p®Y. 6mat (vs. p ®1 Obr oke
mz ¥’ 6ri cvs. ma’ bevelvs. ma ~ 6somec
nz - 6dir vs. na1 6CcoOomivs. nai 6si fté

The pairs / pz/ Wersus / pi/ , / mz/ wersus / mi/ were reported by Zhao (1989, 2003).
Whilst [pz pahd [mz W are accepted without hesitation, the speakers recorded in
this study did not pronounce [pi ni' ]"but [pa Nm [; respectively. These syllables
are said to not exist in the O6city (A#hl.
vowel cannot take labial consonants in the city variant of JHC. But this variation does
not affect the fact that the vowel /i/ and the apical vowel / z/ ¥tontrast after coronal
sibilants.
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3.5.3. Phonological behaviour

The apical vowel in JHC behaves like any other vowel, it is the nucleus of the syllable
thus the rhyme of the syllable. The following passages of rhymed folk songs are
retranscribed based on Luo (1936) using symbols proposed in this study. The tones
are omitted. The (8)-a folk song has two sections. The paragraph presented here
contains the first six verses of the second section. It has three syllables per verse.
The syllables with apical vowel nucleus have the status of a stressed syllable,
identical to [ poJQ[t 6jo] and [ je0] syllables which have normal vowel nuclei.

The (8)-b folk song has two sections. The paragraph presented here is the first three

verses of the first section. In this example, the rhymeis/z/¥y Luods (1936) <coc
of 38 folk songs has no examples of apical vowel nucleus rhyming with any other

nucleus.

(8) a.t g @bjoo, i 6(She is) riding a cowbd
p Dvojodt sOi6covered bgibhkpiece of

pOQUszv¥ ¥ oO6with a white paper fano

tojo " jeot Oi 6(t hat) shields the sunlighto

(@)}

b.t8jT ¢ & sz w 6Gol den key(s)
"jT s 8 szw 6silver key(s)®o
ko xT ¢kuo ko tsd e z¥marry to an odriduwhbianed o

The above examples confirm that apical vowel / z/ ¥h JHC is the nucleus of a syllable,
and a tone-bearing unit (TBU). As a TBU it undergoes tone sandhi processes, as
shown in Table 3.12.

Table 3.12. Examples of tone sandhi on apical vowels in JHC,
with underlying forms, surface forms and glosses.

IszkY 6bwest + Jts»N_ 6c¢cl o [sz ws% ]V, O6suito
/It s® 6gasd + /t6DY 6veh [ t =00, 6car o
IlpDO-6prep + [t®ON O6tyr . [ mQU . 6spare

In a nutshell, the phonological behaviour and function of the apical vowel in JHC is
equivalent to any other vowel in the vocalic inventory of the language.
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Chapter 4
Acoustic study of the apical
vowel [z] in JHC

The aim of this chapter is to understand the basic acoustic characteristics of the
apical vowel in JHC: its duration compared to other syllable nuclei, its formant
frequencies compared to other vowels and to other apical vowel variants, and most
importantly the nature of the turbulence noise it displays compared to sibilant
consonants.

4.1. Methodology

4.1.1. Speakers

Speakers of JHC were recruited according to strict criteria to limit possible dialectal
variations: they must be born and raised in the town of Huayang, with both parents
also born in the same town; they must live in the town of Huayang and speak JHC in
a daily basis both in their professional and non-professional contexts; their age
should be around 50.

Nowadays it is highly challenging to find anyone who lives in a city in mainland China
and does not speak (more or less fluently) SC. Since JHC speakers all understand
and speak SC, only those who speak JHC in both professional and non-professional
contexts were selected to limit any potential influence. Five female speakers (labelled
FS1 to FS5) and five male speakers (MS1 to MS5) corresponding to these criteria
were chosen to participate in the recording sessions. The mean age of the speakers
was 49 (£3.8). None of them reported to have speech-related anomalies. They all
know each other and consider themselves native speakers of JHC with no accent.

4.1.2. Acoustic data acquisition and segmentation criteria

Acoustic data were recorded with a hypercardioid headset microphone (AKG C520),
an external sound card (Edirol UA25), and Audacity (v 2.1.0) on a portable computer.
| had access to the sound attenuated studio of the local television channel for the
recording sessions. The speakers were sat in a chair and told to read a word list
embodied in a frame sentence at a normal speech rate. The word list for acoustic
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data acquisition (see A.1) contained monosyllables with[p p Qn n s ts t s @nkets
and [z i u a a] nuclei'®. With different tones, they form real words, presented to
speakers in Chinese characters. The speakers were told to read the words in a frame
sentence [ki 80 ~ _80 soifall 6 He/ She _wrhirteees ti mesd. The wh
repeated five times for each speaker, yielding 2150 target items ([z] : 550, [i] : 400,
[u] : 450, [a]: 350, [&]: 400). The recorded data were segmented and annotated

using Praat (Boersma & Weenink 2018).

0.3678

0. *., .i,ﬁmmh“#ﬁim
‘Ww\ oy
-0.4911
0 0.3727
8000
} "
0 LA 0L BRI

ts z214

Figure 4.1. lllustration of the segmentation between a sibilant onset and an apical vowel
with syllable [ts z "] fironounced by FS3. The blue dotted lines represent pulses detected
by Praat.

Determining the exact boundary between a sibilant onset and the following apical
vowel was not straightforward, as there was no clearly observable frontier in-between.
The data were labelled by taking the first pulse detected by Praat as the beginning of
the voiced apical vowel. This is illustrated in Figure 4.1. The other segments were
annotated following the criteria presented in Table 4.1.

16 |n this chapter, | present the phonetic realisations of the concerned segments and syllables, and some of them
are not phonemic (e.g., the onsets [n] and [I] are allophones, see section 3.2.3). Hence all transcriptions are
enclosed in square brackets, and the syllabic diacritic ® L f o r  a p[i] ésamitted forwimplicity
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Table 4.1. Segmentation criteria of the target syllables in the acoustic study.

Start point End point
o 1 End of F2 of the preceding vowel on End of burst on acoustic
P spectrogram signal and spectrogram

End of F2 of the preceding vowel, starting of End of release on

[m n ] acoustic signal and
nasal zero on spectrogram
spectrogram
~ . End of F2 of the preceding vowel on
ts t s O -
spectrogram Onset of periodic
End of F2 of the preceding vowel on voicing

[s]

spectrogram, start of non-periodic signal

End of the preceding onset consonant or

2] first detected pulse Offset of periodic

— , voicin
[ @& u a] End of the preceding onset consonant g

4.1.3. Acoustic parameters and statistical processing

The following acoustic parameters were examined:

(i) Presence or absence of frication noise (based on visual examination of
acoustic signals and spectrograms)

(if) Duration of all syllables and syllable nuclei

(ii) The formant frequencies of [a i u &] and [z] (F1, F2 and F3)

(iv) The harmonic-to-noise ratio (HNR) of [i] and [z]

(v) The zero-crossing rate (ZCR) of [a | u &] and [Z]

(vi) The centre of gravity of (COG) of [s] and the aspiration phase of [ p O]

The presence or absence of frication noise was based on visual examination. |
categorisedt he speaker s o [zpimtothreecclasses:Nza haang frication
noise on more than half of its duration, [z] having frication noise on less than half of
its duration, and [z] having quasi-no visible frication noise. The first two classes are
reported in section 4.2.1.1, and section 4.2.1.2 reposts thoses having quasi-no

frication noise.

To obtain the formant frequency values, a script trisected all nuclei segments and
calculated mean formant values of the middle portion of the target segments. The
maximum frequency of formant calculation was set to 5500 Hz for female speakers
and 5000 Hz for male speakers. Harmonic-to-noise ratio, zero-crossing rate, and
centre of gravity were used to examine the frication noise on the apical vowel [z].
These parameters are widely used when it comes to turbulent sounds (see Fuchs,
Toda & tygis, 2010 for a review).
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HNR is defined as the ratio of the harmonic components to the noise. This was
obtained for [z] and [i] " using Praat HNR algorithm (Boersma & Weenink 2018).
Basically, the greater the noise component of the signal, the lower the ratio is. This
measurement is often used when both frication and voicing need to be considered.
HNR was calculated with a 40 ms window that slided every 10 ms on the entire
duration of each recording. If tO was the start point of each recording, then the first
window covered the inverval from tO to t0+40 ms. The second window covered the
interval from t0+10 ms to t0+50 ms, and so forth. The mean HNR was obtained for
each window. These mean HNR values for each window were then saved as a

binary file corresponding to each record i n g, yielding a set

contains the changing mean HNR values of each recording (see Figure 4.2). Data
points were then obtained on the HNR results at 52 time points for each target
segment, including vocalic onsets, offsets and 50 points in-between.

‘WW \] I "lp“li il n.. |
H uulthwHHn'

-0.4784

0.3954
23.44
e
Z
=
4981
1.862-104
N
@]
. -
650
S z35
18.04 18.51

Figure 4.2. An example showing the acoustic signal of the form [sz [1.as well as the HNR
and ZCR values. This item was produced by FS1.

The ZCR, defined as the number of times in a given time-interval the speech signal
passed through the value of zero, was measured for all syllable nuclei. Given the
strong correlation between ZCR and energy distribution with frequency, high
frequencies imply high ZCRs, and low frequencies imply low ZCRs (Rabiner &
Schafer, 1978: 128). The signal of a vowel is periodic and the number of zero-
crossings in a given time-interval is consequently low. When the signal is aperiodic,
as for a fricative, a large quantity of zero-crossings in a given time-interval is

17| chose to compare [z] to [i] in order to juxtapose my results with the results obtained by Faytak (2015) on SC.
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observed due to the high frequency energy. This measurement is considered to be a
simple and reliable measurement of the intensity of frication noise (Shosted, 2006). It
has been applied to fricative sounds (Ito & Donaldson, 1971), nasalised fricative
sounds (Bombien, 2006), or aspirated vowels (Gordeeva & Scobbie, 2010). In this
study ZCR per second was calculated with Praat using the same method as for the
HNR (see Figure 4.2). Data points were obtained on the ZCR results at 52 time
points, including nuclei onsets, offsets and 50 points in-between. These data points
represent the general tendency of ZCR during the target segments.

An interesting point was observed during the segmentation of the acoustic data: The
aspiration phase of [ p @][ p Odisplays very different characteristics compared to
the aspiration phase of the same segment when preceding other nuclei segments.
The aspiration phase of [ p Gn [ p Oprdsents energy concentration at higher
frequencies, much similar to a fricative [s]. In order to dig more into this | compared
the general energy distribution of the aspiration phase of [ p ‘@ Jfrication noise of [s],
using the COG measurement. The COG reflects on average how high the
frequencies are in a spectrum. This method has been used in studying the SC
fricatives and affricates, for example (Svantesson, 1986 among other studies).

Basic descriptive statistics were applied to durational values, formant values and
COG values, including ANOVA, TukeyHSD, Student-Newman-Ke u |l s,  West,
etc. For HNR and ZCR parameters, the values obtained, as already stated, were
obtained from 52 points on each target segment. For each segment, these 52 points
were evenly spread from onset to offset. When presenting the 52 data points on the
x-axis and the values corresponding to the data points on the y-axis, these values
form a variable during a normalised time range. The y-axis values (i.e., HNR and
ZCR) were then smoothed into a moving average with LOESS (locally estimated
scatterplot smoothing) method in R with the package Tydiverse (Wickham et al.,
2019). It is important to note that the HNR data were particularly difficult to interpret
for the JHC apical vowel, since this segment contained abundant frication noise, and
HNR values were thus not always correctly detected by Praat. In processing the HNR
values, the data were filtered (see section 4.2.4 for more details). The ZCR values
were considered to be more reliable and thus not filtered.

4.2. Results

4.2.1. Presence of frication on the apical vowel [Z]

4.2.1.1. [z] with abundant frication noise

Abundant frication noise is observed for all speakers, and in all contexts, counting for
87% of the total data. Some illustrative examples are shown in Figure 4.3, with apical
vowels displaying frication noise following [p], [m], and [n]. These illustrative
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examples are chosen on purpose to make clear that turbulence can be observed on
[z] segments even following non-sibilants.

0.1545 0.1707

0.2215

W\ ‘ e 11 7111 wsitlULLLLERRE
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Figure 4.3. Apical vowels containing frication noise in JHC. [pz "],Tnz 1, [mz 7] Syllables
come from FS1, MS3 and MS2 respectively.

Frication noise is present at high frequency regions, and is systematically
superposed on voicing. This turbulence is not steady. Instead it dynamically evolves
during the time course of [z]. Intense frication is observed at the beginning of the
segment and at the first half of its duration ([pz "] ih. Figure 4.3), and can sometimes
extend to the second half of the apical vowel ([mz "] and [nz }). Frication noise
however never extends until the end of the apical vowels. When it diminishes,
periodic waveforms become clearer, and a clear formant structure is visible on the
spectrograms.

4.2.1.2. [z] with less to non-visible frication noise

13% of [z] productions were produced with much less or quasi-no frication noise.
Figure 4.4 presents illustrative examples in which formant structure is clear from the
beginning of the apical vowel. These realisations correspond to what has been
observed in SC apical vowel [z] (Faytak & Lin, 2015; Lee-Kim, 2014). They show a
nearly clear separation between the onset consonants and the following [z], with
much less frication noise compared to those presented in Figure 4.3.

These less fricated variants and the fricated ones can co-oc c ur i n one spe
productions. For example, MS2, shown both in Figure 4.2 and Figure 4.3, can

produce both variants in the same context. The individual differences concerning the

amount of frication noise produced are discussed in more detail in section 4.2.5.3.
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Figure 4.4. Apical vowels containing less to quasi-no frication noise in JHC. [pz [y [mz 7],
[nz } come from MS2, FS1 and MS4 respectively.

4.2.2. Duration of syllables and syllable nuclei

In this section, the durations of all recorded syllables and syllable nuclei are reported.
| first show whether syllables vary in duration according to tonal contexts, as different
tones may imply different durations (Howie, 1976; Ho, 1976), and then show how
duration of [z] and other nuclei segments varies depending on the preceding
consonant. One of the aims of this section is to justify the time-normalising method
used in sections 4.2.4 and 4.2.5.

4.2.2.1. Duration of all syllables in different tonal contexts

The duration of syllables according to the tones they carry is presented in Table 4.2.
Results show that the durations of these syllables vary depending on tone: tone 3
(low-dipping) has the longest duration and tone 1 (high-falling) the shortest. Mean
values, minimal and maximum values, one-way ANOVA and Studenti Newmani
Keuls (SNK) post-hoc tests results are reported in Table 4.2.

The mean durations of the 4 tones displayed in Table 4.2 show that the difference
between the longest tone (3, low-dipping) and the shortest tone (1, high-falling) is
limited to 32 ms. Much important differences occur within one tonal group. The
durational differences caused by tone will not be taken into account in the
comparison of the general tendency of HNR and ZCR evolution during syllable nuclei.
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Table 4.2. Mean durations of all recorded syllables in different tonal contexts, with
minimum and maximum durations, one-way ANOVA and SNK post-hoc tests results. SNK
result is presented as the hierarchy of mean duration according to tones.

Tone Mean (ms) Min and max (ms) ANOVA and SNK

1[ N. 378 2391 595

2[ B 397 2621 635 F(3, 2036)=16.42, p<0.001

3[ 7 410 237i 791 Tone 3 > Tone 2 = Tone 4 > Tone 1
4] M. 396 2871 603

800 1

1 3
6001 3 : g :

— *

1 2 3 4
Tones

Duration of the syllable (ms)

Figure 4.5. Duration of all recorded JHC syllables in different tonal contexts. Numbers on
x-axis correspond to tones: tone 1 is the high-falling tone [ ] tone 2 is the high-level tone
[ 1 tone 3 is the low-dipping tone [ ], Tone 4 is the mid-rising tone [ ]\ The y-axis
represents duration in milliseconds.

4.2.2.2. Duration of [i u a &] and [Z] in different consonantal contexts

Before presenting the results on duration of syllable nuclei it is important to recall that
the onset /n/ has two allophones [l] and [n]. The syllables /na ni n& nu/ surface
as [la li 1& Iu], and /nz/ is realised [nz]. Durations of the vowels [a i & u] after
/n/ are not included in the results.

Table 4.3 presents the duration data for the 5 syllable nuclei [i u & z] in six different
consonantal contexts. As can be seen, syllable nuclei in JHC are particularly long,
displaying mean durations varying from 176 ms to 252 ms. Setting the apical vowel
[z] aside, there are two notable remarks concerning the durations of [a] and [i] : [a]
has a significantly longer duration after [m] compared to other consonantal contexts,
and [i] has a significantly shorter duration after [ t sc@rjpared to [s ts]. | fail to find
a plausible explanation to these two differences, as it seems that all nuclei tend to be
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longer after [m] and shorter after [ t s Thig general tendency can be more clearly

observed in Figure 4.6.

The most interesting result concerns the apical vowel [z] which displays significantly
different durations according to onset consonants: a longer duration after [n m p],
and a shorter duration after [ p ©ts t s.Qhis consistent pattern, shown in Figure
4.7 and confirmed by the SNK post-hoc test presented in Table 4.3, is puzzling as
none of the two groups of segments forms a natural class.

Table 4.3. Mean durations (ms)of [a | & u Z] after[m p p G ts t s,@ith one-way
ANOVA and SNK post-hoc tests results. SNK result is presented as the hierarchy of mean

duration according to onsets.

m p p Qs ts t s ANOVA SNK
252 220 226 224 242 221 F(5,266)=3.48,p<0.001 mOt s=pO=s =t
I T ) 227 225 199 F(2, 190)=5.9, p<0.01 s=ts>tsO
252 238 236 238 241 i  F(4,334)=0.908,p=05 m=p=pO=s=t s
i 233 215 220 226 216 F(4,272)=0.928,p=045 p=pO=s=t s =t
241 234 191 192 180 176 F(5, 415)=17.73,p<0.001 m=p>s=pO=t s
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Figure 4.6. Durationof [a | & u Z] following[m p p G ts t s.®4dta are grouped
according to nuclei; in each nuclei group, data are separated by onset consonant types.

The shorter duration of [z] when it is preceded by [s ts t s 18 nost probably due to
gestural overlapping between the sibilant onsets and the apical vowel, making the
exact boundary between these segments hard to identify. An example of the
transition portion between [s] and [z] in a [sz] syllable is given in Figure 4.8. The
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acoustic signal and the spectrogram are visibly in a continuity before and after the
first detected pulse. There is some visible voicing before the first pulse, but not clear
enough to be detected as periodic. In this case, as | have already reported, decision
was made to take the first pulse as the indicator of voicing, and thus the start point of
the rhyme. Given that [z] is homorganic to the coronal sibilant onsets, it could be the
case that part of the frication noise at the offset of the sibilant onsets is actually the
onset of the frication noise of the [z] nucleus (suggesting that [z] is probably longer
than what the segmentation criteria used may suggest). The sibilant onset [s]
demands high intraoral air pressure to generate frication noise; while rhyme [z]
demands low intraoral air pressure for voicing to occur. One possibility is that at the
offset of [s], the intraoral air pressure is still too high for voicing to be properly
generated, making it impossible to detect the pulses during this period.
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. Onset
300 consonants
B n

200 I

{HI B
& 9203

Duration of [z] nucleus (ms)

—

o

o
1

T
Zz

Figure 4.7. Duration of [z] nucleus in all consonantal contexts.

Time (s)

Figure 4.8. Transition portion between [s] and [z] nucleus from FS1. The dotted blue lines
represent pulses detected by Praat with the default setting.
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The same argument could be used to account for the shorter duration of [z] in[ p Oz ]

compared to [pz mz nz]. The argument here is that the gesture for [z] is already
achieved during the release phase of [ p,Gd that the glottal sourced aspiration is
masked by the oral sourced frication noise. The result is that the release phase of
[ p @]more like a [s] sound acoustically. The onset [ p @]this particular context
could be transcribed as [ p.QThis aspect will be touched upon in section 4.2.6 and
examined in more detail in section 5.2.6 from an articulatory perspective.

As stated above, a time-normalising method is used in sections 4.2.4 and 4.2.5 to
account for the variability that characterizes the durations of syllable nuclei. This is
achieved by selecting 50 points during each segment, the interval between each two
points is determined based on the duration of the segment (interval = the duration of
the segment / 51). The end points of the nuclei are easy to define. The start points
chosen, though they are not perfectly delimited for [z] , do not result in increasing the
presence of frication noise on this se
is most probably the most fricative portion of [z]). The 50 points can thus reliably
reflect the general pattern of these segments regardless of their absolute duration.

4.2.3. Formant structure of [i u a a] and [Z]

The mean formant values are calculated at the middle portion of the apical vowel [z] .
This is the portion where the frication noise starts diminishing and a clear formant
structure becomes visible. The values obtained are compared to the formant values
of the other nuclei segments [i & u a]. The results are also compared to what has
been reported for apical vowels in other Chinese languages, as well as to formant
values of fricative /z/ in none Chinese languages.

4.2.3.1. Overlap in formant space between [4] and [Z]

A

Figure 4.9 presents the formant values of [ u a & z] for male and female speakers.
It shows that the frequencies of [z] overlap those of [4] and [u] , especially for male
speakers who have comparatively smaller vocalic space. The same observation can
be made from Figure 4.10.

Several statistical tests were conducted on the formant values of [z u &] segments.
One-way ANOVA tests were conducted on F1, F2, F3 values respectively, then
Student-Newman-Keuls and TukeyHSD post-hoc tests are used to bring out the inner
pattern of the three segments. The results are reported in Table 4.4. They show that
[u] and [z] present significantly similar F1 values for all speakers, and that both [u]
and [z] have higher F1 values than [&]. They also confirm that for male speakers,
the F2 values of [4] and [z] are not significantly different. The similarity in formant
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structure between [z] and [&] is interesting in that it may result in perceptual
similarity between the two categories. | will come back to this issue in section 6.2.

5004

F1

1000+

FS

MS

3000

2000 1000
F2

2600

2000 1500
F2

Figure 4.9. Scatter plot of formant values of [ u a & Zz] of JHC. Data points represent
mean values of the central part of each segment, with 95% confidence ellipses. Female
speakers are on the left and male speakers on the right.
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Figure 4.10. Structure of formant values of [ u a & Zz] of JHC. The thick horizontal bars

represent F1, F2, and F3 respectively for each segment; the error bars represent the

standard deviation of each formant.
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Table 4.4. Results of one-way ANOVA, SNK post-hoc tests and TukeyHSD post-hoc tests
conducted on formant values of [z u a] in JHC. FS stands for female speakers and MS
for male speakers; SNK post-hoc tests are presented following the hierarchy of the mean
formant values (Hz).

one-way ANOVA  SNK TuI_<eyHSD
Pair p

~ z-¢  <0.001

F1 F%%%Ol)‘%'lz' [U]366 = [2]358 >[&]311 zu  =0.14
p<u. u-d  <0.001
) 24 <0.001
FS F2 F%%%Ol)‘GZS'Z’ [2]1643 > [6]1336 > [u]932 zu  <0.001
p<0. u-8  <0.001
~ z-¢ <0.001
F3 FGOIOTITZ 130175 [§2904 = 2901 zu  <0.001

p<U. u-g =0.99
- 24 <0.001

1 PO 1310 = [u]313 > (G256 z-u =019
p<0. u-8  <0.001

) 24 =0.69
MS F2 F%%%?‘ZM'S’ [6]1108 = [2]1094 > [u]748 20 <0.001
p<V. u-d  <0.001
) 24 <0.001
F3 Fizc)’%lo‘i)‘lzaz [2]2608 > [u]2408 > [§]2309  z-u  <0.001
p<0. u-8  <0.001

4.2.3.2. Formant values of JHC [z] compared to other [z] sounds

The formant structure of different variants of apical vowels in Chinese languages has
been examined in different acoustic studies (see also 2.2.2). The data of the present
study are compared to data obtained from some of these studies, to verify whether
apical vowels in these languages share the same formant structure. | also report
results concerning the formant frequency of English and Polish /z/ .

As shown in Table 4.5, the formant structures of all[z]6 s ar e vi rtual
variants, although slight differences can still be observed. However, these differences
do not exceed the acoustic space of the apical vowel shown in Figure 4.9 and Figure
4.10. The formant structure of all the variants can thus still be seen as consistent.
There is also a similarity between the apical vowel [z] and the consonant [z]
measured in English and Polish. Based on this qualitative similarity i at least as far
as formant structure is concerned i it can be argued that there is a phonetic basis for
identifying apical vowels in Chinese languages as one segment using the same
symbol.
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Table 4.5. Mean formant values (Hz) of different variants of apical vowel [z] in Chinese
languages, compared to consonant [z] in English-US and Polish. Question marks indicate
unknown speaker gender. The values of the present study are in hold. SC stands for
Standard Chinese, HMC stands for Hefei-Mandarin Chinese, and SWC stands for Suzhou-

Wu Chinese.
F1 F2 F3 Language
? 389 1232 2692 SC Svantesson, 1984
320 1380 3140
300 1500 3140 SC Howie, 1976
340 1320 3280
397 1296 2923 SC Zee & Lee, 2001
o 378 1463 | HMC Hou, 2007
< 344 1179 2741 SWC Ling, 2009
— = 416 1190 2932 SC Lee-Kim, 2014
= 353 1558 i HMC Wan, 2014
= 374 1373 i SC Shi et al., 2015
c_>s 383 1548 2990 HMC Kong et al., 2019
2 319 1094 2608 JHC Present study
< 376 1680 3501 scC Zee & Lee, 2001
403 1723 i HMC Hou, 2007
o 378 1405 3388 SWC Ling, 2009
© 515 1396 3272 SC Lee-Kim, 2014
E 443 1751 | HMC Wan, 2014
475 1581 | SC Shi et al., 2015
367 1501 2938 HMC Kong et al., 2019
357 1643 3217 JHC Present study
SI’) N i 1570 2720 En-US
c e ? Jassem, 19658
8 i T 1770 2870 Polish

4.2.4. Harmonic-to-noise ratio of [z] and [i]

The results of HNR measurements are presented in Figure 4.11. They show the
evolution of the HNR during the duration of [z] and [i] , with a clearly lower HNR for
[z] reflecting its greater noise component. Specifically, while the HNR of [i] goes up
directly after the onset, and maintains a high level throughout the total duration
before the falling portion, the HNR of [z] goes up gradually until it reaches its highest
level at the second half of its duration and then, after a short plateau, falls rapidly?°.

18 F1 could not be measured accurately, hence notreportedi n Jassemés study

19 The falling portion of the two segments [i z] is probably the result of coarticulation with the following fricative
[6] contained in the frame sentence. The presence of this fricative also explains the rising phase of the ZCR
curves as will be shown below.
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The mean HNR values for the two segments, also shown in Figure 4.11, confirm this
pattern for both males and females, with [i] displaying a higher HNR value than [z].
This is not the case for SC as reported in Faytak (2015), the [i] and [z] in SC seem
to have similar HNR values. This difference indicates that JHC [z] is probably more
fricated than SC [z] .

While the HNR measurement gives expected results, it is not ideal for a thorough
investigation of frication noise in JHC apical vowel (this will be done using ZCR
measurement below). One reason is that the JHC apical vowel is far too fricated for
the HNR values to be perfectly reliable. Since the HNR is based on the periodicity of
the signal, and that the beginning phase of the apical vowel is much more fricated
than periodic, the periodicity of the signal is not always correctly detected. This
results in variable negative HNR values (many extreme values can be smaller than
1200 dB). Taking these values into consideration would result in unreadable
generalisations. In Figure 4.11, only positive HNR values are taken into account.
Although the results still show that the beginning phase of [z] contains more frication
than [i] , they are generalised without the most fricated tokens of [z] since they would
contain the most negative HNR values.

HNR (dB)

| mean: [i=18.0d8, [z]=15.5d8 | mean: [i]=17.3dB, [z]=14.9dB
N Normalised time (FS) N Normalised time (MS)

Figure 4.11. HNR of [i Zz] in JHC. The curves were generated with loess smoothing method,
x-axis represents normalised time of the vocalic segments and y-axis represents the HNR
values. Female speakers (FS) on the left and male speakers (MS) on the right.

The other reason is that it is difficult to compare all nucleic segments with HNR
values. The vowel [u], for example, has few harmonics, which results in low HNR
values. For many speakers, [u] is only slightly rounded with a very small labial
opening. The articulators open only enough to produce an audible oral release, but
the lips do not form a strong lip-rounding, resulting in the oral cavity being
considerably reduced compared to a normally rounded [u] %°.

20 My feeling is that this vowel may be undergoing a sound change. The phoneme /u/ has two allophones [u]
and [v] ¥see section 3.2.5)
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4.2.5. Zero-crossing rate of [i u a &] and [Z]

In this section, the ZCR patterns of [z] are presented in detail. | first compare this
segment to the other syllable nuclei [i & u a], then | examine how these patterns

vary depending on the nature of the preceding consonant and depending on
speakers.

ZCR, as already stated, calculates the number of times in a given time-interval the
speech signal passes through the value of zero, and can thus directly reflect the
presence of frication noise on acoustic signals. Unlike HNR it measures the times of
zero-crossings in a given time-interval, which does not involve the detection of
voicing or pitch. The ZCR measurement can be used for all syllable nuclei regardless
of their phonetic nature (e.g., lack of harmonics in [u] vowels), and it is virtually
independent of speaker volume and less speaker-dependent than spectral analyses
(Ito & Donaldson, 1971).

It is expected to observe a high ZCR when there is more frication noise (i.e., non-
periodic signal) and a low ZCR when there is less frication noise (i.e., periodic signal).
[z] is thus expected to have higher ZCR at the beginning of its duration and lower
ZCR at the second half of its duration. Same as for the HNR measurement, the ZCR
results are presented as a variable in time. This method of presentation gives a direct
access to the dynamic evolution of ZCR during the nuclei segments.

4.2.5.1. General pattern of ZCR for all syllable nuclei

ZCR

Normalised time (FS) Normalised time (MS)

a

Figure 4.12. ZCRof [a i u & Z] in JHC. The curves were generated with loess smoothing

method, x-axis represents normalised time of the vocalic segments and y-axis represents

the zero-crossing times per second. Female speakers (FS) on the left and male speakers
(MS) on the right.

The general pattern of ZCR for all syllable nuclei is reported in Figure 4.12. As this
figure clearly shows, [z] behaves in a different way compared to other vowels: it
starts with a very high ZCR, corresponding to the frication noise observed at the
beginning of the segment. The diminishing ZCR during [z] corresponds to the slow
disappearing of this turbulence.
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This general pattern can also be observed from the raw data presented in Figure
4.13. The ZCR of the apical vowel [z] is presented separately. It can be observed
that for [i & u a] ?* vowels, the ZCR is lower and more constant, mostly
concentrated below 2000 times per second, while for the apical vowel [z] the ZCR is

much higher and more variable, varying from 2000 times per second to 10000 times
per second for the majority of the tokens.

20000 4 200004 a

15000 4 15000 4
14
© 10000 4
N

o
O 100004
N

50004 50004

Normalised time Normalised time

Figure 4.13. ZCR of all tokens of [z] and [a i u &] in JHC. The x-axis represents
normalised time of the vocalic segments and y-axis represents the zero-crossing times
per second. [z] tokens on the leftand [a i u &] tokens on the right.

4.2.5.2. ZCR patterns of [z] in different consonantal contexts

In this section, | report the effect of consonantal context on the way frication noise is
realised during [z] . Specifically | seek to determine whether any difference can be
observed depending on whether the preceding consonant is sibilant [s ts t s, @abial
[P p @n] or coronal nasal [n] . The results, presented in Figure 4.14, show that there
are observable differences in the way frication is implemented throughout the
segment. These differences can be categorised into three patterns depending on the
nature of the preceding consonants: [z] after [ p ©ts t s,Qg] after [m n], and [z]
after [p] .

The most obvious pattern is when [z] is preceded by [ p ©ts t s.0n this context,
[z] displays much higher ZCR at its beginning. This is interesting since it mirrors the
finding reported in section 4.2.2.2, where [z] after the same class of consonants
[ p® t s& had shorter duration compared to [z] after [m n p]. The same
explanation provided to account for the shorter duration of [z] also holds here.
Specifically, the gesture for [z] is already achieved during the release phase of [ p,O]

2L Three [u] vowels have abnormal ZCR values which may be explained by the devoicing which can affect this
high vowel.
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so that aspiration is masked by the oral sourced frication noise. This issue will be
examined in more detail in section 5.2.6 based on ultrasound data.

The [z] segments after [p] have lower ZCR, but the values are still above 2000 times
per second at the beginning of [z]. This shows that even when [z] is completely
heterorganic with the onset consonant, it still presents abundant frication noise. The
ZCR of [z] segments after [m n] behave in a different way: it starts at a low level
and systematically increases to achieve a rather high level before the final falling
phase. The lower ZCR at the starting point can be explained by the nasality of the
onset consonants. Nasal consonants require an open nasal cavity that prevents high
intraoral air pressure. After the release of the nasal consonant, the nasal cavity
closes, and intraoral air pressure rises. Similar to the [ p ‘Cake, the gesture of [z] is
most probably achieved anticipatorily during the onset consonants [n m], which
means that the fricative tongue shape is already formed when the intraoral air
pressure rises after the closure of velopharyngeal port. The fricative tongue shape
and the raised intraoral pressure lead to frication noise, shown as the increasing of
the ZCR value. This behaviour confirms again that [z] displays frication even when
preceded by nasal consonants, and clearly suggests that turbulence noise is inherent
to the production of the apical vowel. There is a small difference between [z] after
[m] and [z] after [n], with lower frication noise in [mz] than in [nz]. This difference
could be attributed to the same alveolar constriction shared by [n z] sounds, but not
by [m z]. It could be that the alveolar constriction was achieved later and was less
constricted after [m] .

8000 7

80004

60007 \ .

. \‘
h“-
2000{/ il Ve - /4
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n=269
Normalised time (FS) ' Normalised time (MS)

Figure 4.14. ZCR of [z] in different consonantal contexts in JHC. The curves were
generated with loess smoothing method, x-axis represents normalised time of the [z]
segments and y-axis represents the zero-crossing times per second. Female speakers (FS)
on the left and male speakers (MS) on the right.
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4.2.5.3. ZCR patterns of [z] for different speakers

Although the presence of frication noise is prevalent during the production of [z] in
JHC, speaker-specific differences still exist, with some speakers producing more
frication noise than others. The ZCR patterns of [z] for all speakers are presented in
Figure 4.15. It is observed that 9 speakers out of 10 have higher than 2000 times per
second ZCR at the beginning of [z] . Only FS5 behaves differently, as she has just
above 1000 times per second ZCR at the beginning of her productions.

An interesting aspect is seen when FS5 is compared to MS2. These two subjects
pattern together and exhibit similar mid-sagittal tongue contours during the
production of [z] (as will be shown in section 5.2.2), yet MS2 has much higher ZCR
values than FS5. This difference indicates that in addition to tongue configuration, the
aerodynamic dimension also plays an important role in the generation of frication
noise. For MS2, the intraoral pressure may decrease more slowly than for FS5,
which could result in more frication noise for the former and less frication noise for
the latter. The importance of aerodynamic adjustments in generating frication noise
during the production of [z] is discussed in section 6.3.

80004
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FS2
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MS1
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- MS3
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Figure 4.15. Individual ZCR patterns of [z] for the ten speakers. The curves were
generated with loess smoothing method, x-axis represents normalised time of the [z]
segments and y-axis represents the zero-crossing times per second.

Although FS5 does not have higher than 2000 per second ZCR values, her
productions of [z] still exhibit higher ZCR values than her vowels (Figure 4.16). This
speaker has only a short period of frication noise at the beginning of the apical vowel,
which diminishes rapidly when voicing starts (see Figure 4.17 for an example).
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Figure 4.16. ZCR pattern of all nuclei from FS5. The curves were generated with loess
smoothing method, x-axis represents normalised time of the [z] segments and y-axis
represents the zero-crossing times per second.”
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Figure 4.17. Acoustic signal and spectrogram of the form [pz ["produced by FS5.

4.2.6. Centre of gravity: comparing the aspiration in [p"] to
frication in [s]

As shown in section 4.2.2.2 and section 4.2.5.2 concerning the duration and the

COG values of [z], the aspirated labial stop [ p Pdtterns with sibilants [s ts t s,0]

rather than with the other labial consonants. The explanation provided for this
dunnatural 6 patterning was [z]tihahieved Dueing éot
even before) the release phase of [ p.Ohe consequence of this overlap is that the
frication noise generated by [z] gesture dominates the glottal sourced aspiration
noise of [ p,@dsulting in a phase that has acoustic characteristics resembling those
of a [s] consonant (i.e., energy concentration at higher frequencies). Two examples
of [ p ‘Caze]given in Figure 4.18 for illustration.

22 Here the vowel [a] seems to have highe ZCR, but as shown in Figure 4.12, it is the normal value for this vowel.
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Figure 4.18. Acoustic signals and spectrograms of two realisations of [ p Chy fS1 (left)
and MS2 (right). These two examples contain frication noise only at the beginning of [z] .

COG measurement was used to examine the acoustic similarity between the
aspiration phase of [ p ‘@rjd the frication noise of [s] in the same vocalic contexts.
The results are presented in Figure 4.19. They show that when followed by [& u a],
the COG of [s] and the COG of the aspiration phase of [ p ‘@#¢ different. However,
when followed by [z], the aspiration of [ p @i$plays the same COG as the frication

noise of [s].

We | tedstd s£onducted on each vocalic context confirm this

statistically (see Table 4.6). This result shows that the release of [ p ‘@dntains
frication noise generated during the production of fricative [z] .
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Figure 4.19. COG of the relase phase of [ p ‘@n}l the frication noise of [s] in the contexts
of[i & u a z].Data obtained from all speakers ([i] vowel can only be preceded by [s] ).
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Table 4.6. Mean COG values (Hz) of [s] and the release phase of [ p .GWpich’s t-test results

conducted on the two groups of COG values.

Nuclei Mean COG (Hz) of the Mean COG

vowels aspiration phase of [ p ( (Hz) of [s] We | c thests
& 176 3670 t( 50. 2 6) px.a0al. 1
u 711 4003 t( 123.09) p<i0ao0l .
a 384 4728 t( 50. 33) =pr.aoal. 7
z 6735 6682 t(164.54)=0.19, p=.85

4.3. Summary of the acoustic study

This chapter presented an acoustic investigation of the JHC apical vowel [z]. The
main findings obtained are summarised below:

1)

2)

3)
4)

5)

6)

[z] is produced predominantly with frication noise superposed on voicing.
The frication noise never continues throughout the entire duration of [z], and
stops earlier or later in the second half of the segment. When frication noise
diminishes, the formant structure becomes clearer, resulting in an
approximant-like configuration.

[z] has a shorter duration after [ p ©ts t s ©Jmpared to [m p n]. This
difference was explained by the anticipatory realisation of the nucleus [z]
coupled with the segmentation criteria used.

[z] has similar F1-F2 structure to [4], resulting in important overlap in the
vocalic space.

[z] displays lower HNR values compared to [i], confirming that the former
has more frication noise.

The higher ZCR for [z] compared to vowels is additional evidence for the
abundant frication noise displayed by this segment especially at its
beginning. The presence of this noise is observed after labial stops and
nasals, although coronal sibilants induce more frication noise.

COG shows that the release phase of [p Pin [ p Olka$ the acoustic
characteristics of a fricative [s], suggesting that the alveolar constriction of
[z] is achieved during the release phase of the onset.

Taken together these results show that [z] in JHC has acoustic characteristics of a
fricative consonant. The abundant frication noise even when it is preceded by labial
stops and nasals is a strong argument in support of this analysis. Given that the
fricative gesture of [z] could be achieved anticipatorily during these onset

consonants, this gesture can only be considered as inherent to [z] since labial stops
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and nasals do not objectively involve a fricative gesture. In the next chapter, this
aspect and others are explored based on ultrasound imaging.
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Chapter 5

Articulatory study of the
apical vowel |z] in JHC using
ultrasound tongue imaging

The objective of the articulatory study is to examine the tongue configuration of JHC
[z] 2. Based on ultrasound tongue imaging, on both mid-sagittal and coronal planes,
it specifically seeks to determine whether the shape of the tongue is similar to or
different from that of the consonant [s] or vowel [i] , and to examine how it is affected
by the nature of the preceding onset consonants.

5.1. Methodology

5.1.1. Speakers and recording materials

The ultrasound data were acquired one year after the acoustic data, in the same
sound-attenuated room. Seven of the ten speakers recorded for the acoustic
experiment participated in this data acquisition (FS1, FS3, FS5 and MS1, MS2, MS3,
MS5). The word list used was a shorter version of the word list used in the acoustic
study. The list was shortened in order to reduce the time of recording, which took
approximately 50-60 minutes for each speaker. As for the acoustic study, this list
contained monosyllabic words with [p pOn nts t s& onsets and [i & u a z]
nuclei. The word list, written in Chinese characters, was printed and presented to
speakers on a A4 format paper (See A.1). The seven subjects read the words in a
frame sentence [ki 8 ~_ 860 $oifall 6 He/ She twhrideesti mes?©o,
times for mid-sagittal recordings and three times for coronal recordings (1218 total
target syllables, [z] : 462, [i] : 168, [u] : 168, [a]: 126, [&]: 294).

Note that each recording was saved separately. That is, each carrier sentence (with
the target syllable) was produced by the speaker, then saved. The speaker was then

23 As in the previous chapter, | will be presenting the variable phonetic realisations of the concerned segments
and syllables, and some of them are not phonemic (e.g., the onsets [n] and [l] are allophones, see section 3.2.3).
All transcriptions are thus enclosed in square brackets, and the syllabic diacritic 60 fer apical vowel is omitted for
simplicity.

83

repe:



asked to produce the next carrier phrase (with the next target syllable, not a
repetition of the same target syllable) and so on. Each recording was preceded by
the syllables [kaka] in order to provide extra information on the synchronisation of the
ultrasound recording and the acoustic signal, based on the acoustic release of the
velar [K].

5.1.2. Ultrasound data acquisition and segmentation criteria

All ultrasound data were recorded with the Ultrasound Stabilisation Headset
(Articulate Instruments Ltd., 2008) and the Articulate Assistant Advanced software
(AAA, V217.03) (Articulate Instruments Ltd., 2012). The probe used was a
microconvex portable ultrasound probe, with a diameter of 40 mm. Before the
recording began, speakers were familiarised with the ultrasound probe and headset,
as well as with the word list. They also had time to visualise the tongue movements
through AAA.

The speakers were sat in a comfortable chair. The headset was then adjusted to the
morphological specificities of each speaker, in a way that it would not move during
the recordings, while making it as much confortable as possible. The mid-sagittal
ultrasound data were recorded first and then coronal ultrasound data, with a small
pause between the two sessions. During the pause the headset was removed from
the head of the speaker. None of the speakers reported having experienced pain or
discomfort.

The corresponding acoustic data were recorded by using the same equipment
described in the methodology section of the acoustic study (see section 4.1.2),
except that the microphone was attached on the ultrasound headset. Although the
acoustic signals obtained were not perfectly suitable for fine acoustic analyses, they
were sufficient for segmentation use. The synchronisation of the ultrasound images
and the acoustic signals were done automatically using AAA software, and checked
manually by observing the form [kaka] which preceded each recording.

A small but important detail in using the headset was that it became impossible for
some speakers to wear glasses once it was put on and well adjusted. To avoid
experiencing difficulty in reading a screen from a relatively long distance, the option
used was to present the word list printed on a paper using large font size.

The mid-sagittal ultrasound recording procedure was rather straightforward. The
headset kept the ultrasound probe in the mid-sagittal plane and the probe was
pointed to the anterior of the tongue in order to have a better image of the tongue tip.
The coronal recording was obtained by turning the probe in a 90° angle and pointing
the probe to the anterior part of the tongue. The probe was adjusted in a way that the
medial grooving of [s] consonant was easily observable as was shown in Stone
(1992). It is important to note however that the direction of the ultrasound probe was
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not controlled as in Stone et al. (1988, 1992)%4, because a perpendicular base could
not be provided with the headset on. There was no object of reference that allowed
adjusting the angle of the probe to a fixed degree.

The ultrasound probe used in the data acquisition had a field of view of 92°. The
depth was adjusted to have a maximum view of the tongue, causing different frame
rates for female and male speakers (82.1 frames per second for female speakers
and 81.4 frames per second for male speakers). Ultrasound data were segmented in
AAA manually using the corresponding audio, and traced manually with the help of
the built-in tracing algorithm. The tracing criteria are presented in detail in sections
5.1.3and 5.1.4.

The segmentation criteria were the same as those presented in the acoustic study. In
the acoustic study, the onset of the apical vowel was set at the first pulse detected by
Praat (see section 4.1.2). However, AAA does not provide a pulse detection function,
so the starting point of the apical vowel was decided by visual observation of the
acoustic signals and the spectrograms. The onset of [z] was thus defined as the
beginning of voicing of this segment. This decision will not have much effect on the
results presented since the first pulse detected by Praat corresponds to the starting
of voicing. The smoothing-spline ANOVA analysis conducted were done based on

the Onearestedniafpoeadh i snagmdB)t (see sect.i

5.1.3. Mid-sagittal tongue contours tracing criteria and data-points
extraction

The tracing of the mid-sagittal tongue contour was done on each target syllable with
the assistance of the built-in AAA semi-automatic tracking algorithm (Articulate
Instruments Ltd., 2012). An advantage of using the semi-automatic tracking is that it
reduces the effects of human factor. The tracing procedure started with defining a
space in which the tongue moved during the articulation of the target syllable. This
space was | i mited omny ukrbéo cafsBiguwendadMm thenpresent

study, the O6roofdé | imit was not defined

the tongue movement during each target syllable. In the example presented in Figure

5.1, for instance,the 6r oof 6 | i ne was dr awnthemanges averl y

which the tongue surface may be found during the production of the item [pz]. This
procedure was necessary for the automatic spline fitting to work. By doing so, AAA
could isolate non ultrasound graphics such as menus, scales and axes from the
search space (Articulate Instruments Ltd., 2012). The g r etyo n&gnuiend

defined similarly so that the tongue surface never went under it. The tongue surface
could thus only be found between these two lines during the target syllable. The

24 Stone et al. (1988, 1992) had an ultrasound probe holder which had a perpendicular base. This holder is an
inversed L-shaped metal shelf fixed on the floor with the ultrasound probe attached on the top. They were able to
adjust the angle of the coronal plane buy adjusting the direction of the probe with goniometers according to the
perpendicular mental shelf.
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defined 6rdofn@uamd wami s a v sadthabANA @uldtusentgol at e
track all segments having the same label. For each segment studied, a template was
created following the same procedure. That is, for each speaker, five templates were
created, one for each syllable nucleus [i & u a z].

AAA offers a semi-automatic function by tracking the tongue surface inside the

predefined limits in a template and within the given acoustic segmentation. All

ultrasound images within a segmentation were tracked in a batched process. The

result was correctedby hand when needed, with the assis
function (see Articulate Instruments Ltd., (2012) for more details on this function).

Scanlines = 64 PixelsPerScanline = 842 FOV =32 PuxelDffset = 210 Depth = 80mm Frame Rate = 81,54

Figure 5.1. One mid-sagittal ultrasound frame of [z] in [pz Nfrom FS3, illustrating the
tracing template (Tongue tip on the right and tongue root on the left.). The green line
represents ‘roof’, the grey line represents ‘min-tongue’, and the red line represents the
tongue shape traced hy AAA without any manual correction.

The semi-automatic tracking result may contain errors. Two such errors are observed
in Figure 5.1. The first one relates to the tongue tip. As can be seen from the mid-
sagittal ultrasound frame, the tongue tip is not quite visible because of the mandible
shadow, so the tracing algorithm provides a pseudo-tongue tip contour. Although this
pseudo-t ongue tip is probably not far from res
shape and position), it has been considered an error and eliminated from the
analyses (see Figure 5.2). The other error concerns the tongue root surface, which is
not traced correctly because of the hyoid shadow. This part of the tracing was also
considered as an error and eliminated in the analysis (see Figure 5.2). As a
consequence, only the tracings between the mandible shadow and the hyoid shadow
were considered reliable and used for the smoothing-spline ANOVA analysis.
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Fanline 28

Fanline 6

Figure 5.2. Mid-sagittal ultrasound tongue traces as shown in the Spline Workspace of
AAA software (tongue tip on the right and tongue root on the left). These traces
correspond to the nearest midpoint images from 11 instances of [z] , extracted from FS3’s
productions of [pz Ypz ™ pP1p®” Mz Az inz Bz OS2 $z. HThe
fanline 6 and the fanline 28 delimit the range of the data points considered as reliable and
analysed in this sutudy.

The traces in this figure represent the nearest midpoint images of 11 realisations of
[z] by FS3. As these traces clearly show, the semi-automatic traced tongue shapes
are highly consistent across tokens. But the tongue tip and the tongue root contours
are visibly not consistent. The Spline Workspace shown in Figure 5.2 provides the
function to identify each fanline of the ultrasound image. The tongue shapes between
fanline 6 and fanline 28 (approximately between the mandible shadow and the hyoid
shadow) were considered to be correctly traced across tokens for the [z] segments
produced by FS3. The x/y coordinates of the range defined by these two fanlines
were used in the smoothing-spline ANOVA (SS ANOVA) analysis presented in
section 5.1.6. Since the tongue tip is left out in the SS ANOVA generalisation, | refer
to the front part of the tongue alsordettmngue |
compare the tongue shapes of [z] to the tongue shapes of other segments, the
fanlines limiting the reliable range of [z] were used to determine the reliable range of
all segments for one speaker?. This procedure was repeated for each speaker. The
data points were then extracted for the nearest midpoint image and analysed using
SS ANOVA method.

25 Understandably, the two delimiting fanlines were different for each speaker. But for each speaker, the apical
vowel [z] was always used as a reference to determine the range within which the tongue shapes were
considered as reliable.
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5.1.4. Coronal tongue contours tracing criteria and data-points
extraction

The tracing of the coronal tongue contours follows the same procedure presented in
section 5.1.3%%, One exampl e otfo ndg voeodf 6i Fsgureghi.3vdartheni n
figure shows, the medial part of the tongue is reliably tracked, but not the left and the
right edges. These edges were eliminated from the SS ANOVA analysis.

Scanlines =64  PielsPerScanline =946  FOV =92 Pizel0ffset =210 Depth=90mm Frame Rate = 81,54

Figure 5.3. One coronal ultrasound frame of [z] in [pz Nfrom FS3, illustrating the tracing
template. The green line represents ‘roof’, the grey line represents ‘min-tongue’, and the
red line represents the tongue shape traced by AAA without any manual correction.

Unlike in the mid-sagittal plane, there was no mandible shadow and hyoid shadow in
the coronal plane, so there was no anatomical reference to define a reliable range of
the semi-automatic tracking results. The range between fanline 14 and fanline 27
was considered reliable based on the consistency of AAAGs tr ac k(sea g
Figure 5.4). The visual examination method was conducted on each studied segment
and the reliable range was extracted for SS ANOVA calculation.

Another factor that was taken into consideration in defining the reliable range in the
coronal plane was the crossing points of the SS ANOVA splines. As shown in Figure
5.5, the splines cross on the left side and the right side (see the crossing between the
contours of [z] and [s] and the contour of [4]). The range within these sides was
considered reliable. The coronal ultrasound results presented in the following
sections focus only on the range within these sides.

26 The built-in tracking algorithm of AAA is designed to track mid-sagittal tongue contours. In this study, it is also
used to track coronal tongue contours.
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Fanline 27 Fanline 14

Figure 5.4. Coronal ultrasound tongue traces of the nearest midpoint images of 11
realisations of [z] in[pz Yoz~ pP1p D mz Az inz” 6z t g0 "sz lhy
FS3, shown in the Spline Workspace of AAA. The fanline 14 and the fanline 27 are drawn

to show the range of the data points considered as reliable.

80 -
75+ [u]

704

65 4

Coronal view of the tongue (mm)

Figure 5.5. Coronal SS ANOVA splines from FS3. Data points are extracted in x/y
coordinates from nearest midpoint images of each segment. Dotted grey lines represent
[ u a &], dashed black line represents [s] and solid black line [Z] . The thick grey line

represents the palatal traces and the grey areas represent 95% Bayesian confidence
intervals. The vowel [i] is not traced for FS3.

5.1.5. Palate tracing and correction

The palatal contours were obtained by six independent water swallow tasks for each

speaker. The results were corrected and amel
function of AAA (version 218.03). This function gives the trajectory of the tongue in
the vocaltractand can superpose all trajectories to

the tongue. An example is given in Figure 5.6.
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The black area in Figure 5.6 corresponds to the superposition of all tongue surfaces
from three recordings (each recording is a frame sentence with a target syllable). The
three embedded target syllables are [pz tsi pa]. Recall that the frame sentence
contains [k 6 s i 6 a] and the target words contain [ts z i &] which induce lingual
movement. The tongue surface thus moves in a range consisting of these sounds.
Among these sounds, the tongue touched the palate for [k ts], and approached the
palate for [0 s z i &]. As a consequence, the upper edge of the caved vocal tract is
composedof [k & 0ts]segment so6 u(kpavelare[d @|atspalate, [ts] at
alveolar). This upper edge can also be visualised in the Spline Workspace, as shown
in Figure 5.7. With the help of this function, the hard palate can be better defined.

Note however that the water-swallow tasks did not always provide easily traceable
pal at al contours. The palatal contours
Tract6 function. As presented above, the
the upper edge of the caved vocal tract, as shown in the above figure. The palatal
traces were then used to indicate an approximate position of the palate in SS
ANOVA results.

PirelzPerScanline = 342 FOW =92 Pixellifset = 210 Depth =80mm  Frame Rate = 31 54

Figure 5.6. Result of the ‘Cave Vocal Tract’ function in AAA (Articulate Instruments Ltd.,
2012: version 218.03) (tongue tip on the right and tongue root on the left). The black area
represents the superposition of all tongue surfaces from all ultrasound images of three
recordings with [pz tsi pda], frame sentence included (Data from FS3). The green line
represents ‘roof’ and grey line represents ‘min-tongue’. The red line represents the tongue
shape traced by AAA for [Z] .
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Figure 5.7. The upper edge (green line) obtained in Figure 5.6, presented with hand-traced
palatal traces from water-swallow tasks.

5.1.6. Smoothing-Spline ANOVA analysis

As stated above, the nearest midpoint image of each studied segment was extracted
in x/y coordinates. The data points in the reliable range were analysed using
smoothing-spline ANOVA (SS ANOVA) method. The statistical tool used to calculate
the SS ANOVA was RStudio and the Package gss (Gu, 2014). As presented in
section 5.1.3 and section 5.1.4, data points from hyoid shadow to mandible shadow
in mid-sagittal plane and data within the junction of the traces in coronal plane were
taken into consideration by the SS ANOVA estimation.

The SS ANOVA analysis wused in the pr
proposition. She presented the SS ANOV A me t haotathnigue forddetermining
whether or not there are significant differences between the smoothing splines that
are the best fits for two data sets being comparedo .

The advantage of SS ANOVA is that it can show if two splines are significantly
different and where the significant differences lie. If the interaction term of the SS
ANOVA model is statistically significant, then the groups have different shapes. Since
the interaction may be significant even if only a small section of the curves is different
(e.g., the tongue root is the same, but the tip of one group is raised), Bayesian
confidence intervals are used to determine which sections of the curves are
statistically different (Davidson, 2006). In the present study, the Bayesian confidence
intervals are reported for [s])/[z] comparisons and for [z] in labial/coronal context
comparisons.

The recordings from MS1 were excluded from analysis since the ultrasound images
from this speaker did not provide sufficient information. The tracing was nearly
impossible, and the data were considered as not reliable. Similarly, in the coronal
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ultrasound data from FS3, the [i] vowel was excluded. In her case, when the tongue
was raised for [i], there was no sufficient information to trace it reliably. All the
remaining data were included in the corresponding SS ANOVA estimations.

5.1.7. Correspondence hetween mid-sagittal and coronal tongue
contours

One difficulty encountered in coronal ultrasound data acquisition was the lack of
anatomical references to precisely locate the coronal plane. The method adopted in
the recording sessions was to orient the ultrasound probe to the anterior of the
tongue and adjust it in a way that the medial grooving of [s] consonant was easily
observable as shown by Stone (1992). The recordings proved satisfactory when the
mid-sagittal plane and the coronal plane were compared.

By comparing the SS ANOVA spl isagetad ganeamd at i ve
coronal plane, it was possible to determine an approximate range on the mid-sagittal

plane in which the coronal plane was taken. This is illustrated in Figure 5.8. The SS

ANOVA splines of the coronal ultrasound are on the right side, and the green range

in the centre of the coronal view is considered to correspond to where the mid-

sagittal ultrasound is taken.

80 854

704 804

60 1 751

50 70

MsS2

60 70 80 9% 100 70 80 90
Mid-sagittal view of the tongue (mm) Coronal view of the tongue (mm)

Figure 5.8. SS ANOVA splines showing the approximate correspondence hetween the mid-
sagittal and the coronal plane. The green areas on the mid-sagittal plane correspond
approximately to where the coronal plane was obtained, while the green areas on the

coronal plane correspond approximately to where the mid-sagittal plane was obtained. SS

ANOVA splines of mid-sagittal and coronal tongue contours were extracted in x/y values
(mm) at the nearest midpoint image of each segment (the tongue front is on the right and
tongue root on the left). Dotted grey lines represent[i u a &], dashed black lines
represent [s], and solid black lines [z] . The thick grey lines represent the palatal traces,
and the grey areas represent 95% Bayesian confidence intervals. Data are from MS2,
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By comparing the relative positioning of the splines in this range, it can be observed
that from highest to lowest, the splines are ranked as [i & u s a z]. Taking this
ranking into consideration, a possible range is marked in green on the mid-sagittal
view in Figure 5.8. Within this range the same ranking as in the coronal plane (i.e.,
from highest to lowest [i & u s a z]) is also observed. Outside this range, the
relative positioning of the splines no longer follows this ranking.

The defined range, determined by visual examination, shows that the coronal
ultrasound plane was taken from the anterior part of the tongue dorsum (and not from
the tongue tip). The data are still highly informative, as they enabled the comparison
between segments on the coronal plane, and between different contexts in one
speaker 6s s.pThi® @mparisonacan reveal the articulatory gestures of the
apical vowel [z] since the medial-grooving shape was observed only in consonant [s]

and apical vowel [z] , but not in vowels.
5.2. Results

The results of the articulatory study are presented in this section. Qualitative
observations of [z] using raw ultrasound images are presented in the first place,
before reporting on the general patterns observed based on SS ANOVA analyses.
Following these, results from a set of comparisons are presented. The tongue shape
of [z] is compared to the tongue shapes of [s i u &] in order to reveal the
similarities and/or differences between [z] and [s] on the one hand, and between [z]
and the high vowels on the other. The absence of any consistent effect of context on
the tongue configuration of [z] is shown by comparing labial and coronal contexts.
The section ends with the results on the dynamic tongue shape evolution in
[pz p O mz] syllables.

5.2.1. The articulation of [z] on mid-sagittal and coronal planes:
qualitative obhservation

A close visual examination of the mid-sagittal tongue contours for [z] reveals two
shape-based patterns: pattern 1 (FS1, FS3, MS3, MS5) and pattern 2 (FS5 and
MS2). A raised tongue dorsum characterises pattern 1, while pattern 2 shows a flat
tongue dorsum and a raised tongue tip. Figure 5.9 illustrates these two patterns and
shows how the shape of the tongue changes over time during the articulation of [z]
for the six speakers.

It is clear that for all speakers, the tongue does not move significantly during the
articulation of [z] . From onset to % point, the tongue shape of [z] remains constant.
The image corresponding to the offset of [z] shows the effect of coarticulation
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between this segment and the following consonant [6] contained in the frame
sentence.

Pattern 1

Onset Y4 point Midpoint ¥, point Offset

FS1

FS3

MS3

MS5

Pattern 2

FS5

MS2

Figure 5.9. Raw mid-sagittal ultrasound images of [z] in [pz] (tongue tip on the left and
tongue dorsum on the right). The six speakers are presented in rows. Columns present
images obtained at different points during the production of [z] . The onsets, 4 points,

midpoints, 34 points and offsets are defined according to the acoustic signals and
spectrograms corresponding to the ultrasound recordings.

For comparison purposes, the mid-sagittal tongue shape of the SC apical vowel is
shown in Figure 5.10. This tongue shape is virtually identical to pattern 1 observed
here, suggesting that the two variants can display the same tongue configuration (at
least for pattern 1, it is unclear if SC apical vowel has pattern 2 gesture). It should be
noted that the mid-sagittal image of the apical vowel in SC was extracted from a [sz]
syllable, while the JHC apical vowel images of Figure 5.9 were obtained from [pz]
syllables. The two variants thus exhibit the same shape of the tongue although they
were produced in two different consonantal contexts. This observation can be related
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to what was argued for when the formant values of apical vowels were compared in
Chinese languages (see section 4.2.3.2).

It is worth mentioning that the lkema fricative vowel /K also has two different
articulatory patterns that mirror the JHC pattern 1 and pattern 2. As shown in Figure
2.12 (see section 2.2.3.4), the left image corresponds to pattern 1 and the right
image corresponds to pattern 2. It is not clear however whether the Ikema /K has
the same tongue shape as [s], as Fujimoto & Shinohara (2018) did not provide data
on this. It would not be surprising that the vowel /K displays the same tongue

configuration as for the alveolar sibilant, in roughly the same way as the JHC apical
vowel.

Figure 5.10. Raw mid-sagittal ultrasound image of the apical vowel in SC (tongue tip on
the left and tongue dorsum on the right). This figure shows the tongue shape of [z] in [sZ],
obtained at the acoustic onset of the nucleus [Z] . This figure is adapted from the Figure 5
of Lee-Kim (2014).

The ultrasound images of [z] in the coronal plane, shown in Figure 5.11, also show
that the tongue shape of the apical vowel is constant during its articulation. Except for
FS1, a medial-grooved tongue shape is observed for all speakers: the lateral parts of
the tongue are raised, and the medial part of the tongue is grooved. A consequence
of this is that the medial part of the tongue is much lower than the lateral parts. This
medial-grooved tongue shape closely resembles that observed for the fricative [s],
and indicates the presence of a narrowed air channel for both segments. This point
will be developed in sections 5.2.3 and 5.2.5.
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Onset Y4 point Midpoint ¥4 point Offset

FS1

FS3

FS5

MS2

MS3

MS5

Figure 5.11. Raw coronal ultrasound images of [z] in [pz] . The six speakers are presented
in rows. Columns present images obtained at different points during the production of [z] .
The onsets, Y4 points, midpoints, 34 points and offsets are defined according to the
acoustic signals and spectrograms corresponding to the ultrasound recordings.

5.2.2. SS ANOVA splines of [i u (] and [Z]

5.2.2.1. On mid-sagittal plane

The general mid-sagittal shapes of [z] and the high vowels [i u d], generalised into
smoothing-splines using SS ANOVA method, are shown in Figure 5.12 for the six
subjects.
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Figure 5.12. SS ANOVA splines of mid-sagittal ultrasound tongue contours, extracted in x/y
values (mm) at the nearest midpoint image of each segment (tongue front on the right and
tongue root on the left). Dotted grey lines represent [i u 4] and solid black lines
represent [z] . The thick grey lines represent the palatal traces and the grey areas on the
splines represent 95% Bayesian confidence intervals.

The differences in terms of articulatory gestures between the two patterns reported
above are easily observable here. Interestingly for both patterns the tongue shape of
[z] is very much different from that of high vowels. This difference is more specifically
observed at the tongue dorsum, the basic gesture involved in the vowel making
process. For high vowels, an arch is observed in the tongue dorsum mass. The
position of this arching is what mainly alters the vocal tract and how it resonates,
yielding different timbres for [i], [u] and [&]. The front of tongue displays variable
configurations depending on speakers. Recall that the tip of the tongue, generally
considered neutral for vowels and active for consonants, is not perfectly rendered in
our ultrasound data because of the mandible shadow.

97



5.2.2.2. On coronal plane

The difference in tongue configuration between the apical vowel and the high vowels
is even more evident on the coronal plane as shown in Figure 5.13. Unlike high
vowels, the apical vowel (except for FS1) displays a medial-grooved tongue shape.
This specific tongue shape, which indicates the presence of a narrowed air channel,
is directly related to a fricative gesture. As for FS1, there is indeed no medial-grooved
tongue shape for [z], but interestingly, as section 5.2.3 will show, she also has the

same no medial-grooved tongue shape for [s].

Figure 5.13 shows that [u] may display a slightly medial-grooved tongue shape. This
medial grooving, already reported by Stone et al. (1988) and Stone & Lele (1992), is
only observed for MS2 and MS5, and the depth of the grooving is not comparable to
[s] and [z] segments. Moreover, the laterals of the tongue in [u] are not raised. This
grooving shape, with non-raised laterals, reflects the natural grooving of the tongue
rather than an articulated tongue gesture.

It is important to draw attention to the interesting difference between [i a] and [u]
and this tells us about the coronal ultrasound view recorded in this study. These
vowels differ in the anterior [i &] posterior [u] dimension. All speakers have high
convex tongue shape for [i &], while [u] is much lower. These shapes correspond to
the anterior view of the tongue reported in Stone et al. (1988), and thus prove that
the coronal ultrasound view is obtained at the anterior part of the tongue, not the
dorsum or the posterior of the tongue. If the coronal view of the tongue were obtained
at a more posterior part of the tongue, the tongue contour would be higher for back
vowel [u] . This point is also mentioned in section 5.1.7.
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Figure 5.13. SS ANOVA splines of coronal ultrasound tongue contours extracted in x/y
values (mm) at the nearest midpoint image of each segment. Dotted grey lines represent
[i u a] and solid black lines represent [z] . The thick grey lines represent the palatal
traces and the grey areas on the splines represent 95% Bayesian confidence intervals. [i]
is not traced for FS3.

5.2.3. Comparing [z] to [s]

This section examines the potential similarities and differences between the tongue
configurations of fricative [s] and apical [z]. | examine these on mid-sagittal plane
and then on coronal plane.

5.2.3.1. On mid-sagittal plane
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