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Abstract

This study draws on various approaches—field linguistics; auditory and acoustic phonetics; and
statistics—to explore and explain the nature of Zhangzhou tones, an under-described Southern
Min variety. Several original findings emerged from the analyses of the data from 21 speakers.
The realisations of Zhangzhou tones are multidimensional. The single parameter of pitch/FO is
not sufficient to characterise tonal contrasts in either monosyllabic or polysyllabic settings in
Zhangzhou. Instead, various parameters, including pitch/FO, duration, vowel quality, voice
quality, and syllable coda type, interact in a complicated but consistent way to code tonal

distinctions.

Zhangzhou has eight tones rather than seven tones as proposed in previous studies. This finding
resulted from examining the realisations of diverse parameters across three different contexts—
isolation, phrase-initial, and phrase-final—, rather than classifying tones in citation and in terms
of the preservation of Middle Chinese tonal categories. Tonal contrasts in Zhangzhou can be
neutralised across different linguistic contexts. Identifying the number of tonal contrasts based
simply on tonal realisations in the citation environment is not sufficient. Instead, examining tonal
realisations across different linguistic contexts beyond monosyllables is imperative for
understanding the nature of tone.

Tone sandhi in Zhangzhou is syntactically relevant. The tone sandhi domain is not phonologically
determined but rather is aligned with a syntactic phrase XP. Within a given XP, the realisations
of the tones at non-phrase-final positions undergo alternation phonologically and phonetically.
Nevertheless, the alterations are sensitive only to the phrase boundaries and are not affected by

the internal structure of syntactic phrases.

Tone sandhi in Zhangzhou is phonologically inert but phonetically sensitive. The realisations of
Zhangzhou tones in disyllabic phrases are not categorically affected by their surrounding tones
but are phonetically sensitive to surrounding environments. For instance, the pitch/FO onsets of
phrase-final tones are largely sensitive to pitch/FO offsets of preceding tones and appear to have

diverse variants.

The mappings between Zhangzhou citation and disyllabic tones are morphologically conditioned.
Phrase-initial tones are largely not related to the citation tones at either the phonological or the
phonetic level while phrase-final tones are categorically related to the citation tones but
phonetically are not quite the same because of predictable sensitivity to surrounding
environments. Each tone in Zhangzhou can be regarded as a single morpheme having two
alternating allomorphs (tonemes), one for non-phrase-final variants and one for variants in citation
and phrase-final contexts, both of which are listed in the mental lexicon of native Zhangzhou

speakers but are phonetically distant on the surface.



In summary, the realisations of Zhangzhou tones are multidimensional, involving a variety of
segmental and suprasegmental parameters. The interactions of Zhangzhou tones are complicated,
involving phonetics, phonology, syntax, and morphology. Neutralisation of Zhangzhou tonal
contrasts occurs across different contexts, including citation, phrase-final, and non-phrase-final.
Thus, researchers must go beyond pitch to understand tone thoroughly as a phenomenon in

Southern Min.
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Part A: Preliminaries

Chapter 1: Introduction

This chapter provides an overall introduction of this thesis. It is organised as follows. Section 1.1
introduces the research goals of this thesis. Section 1.2 discusses the research opportunities
contributing to the formulation of this thesis. Section 1.3 reviews tonological studies. Section 1.4
reviews previous studies on tonetics, especially how tonal pitch interacts with other phonetic
parameters. Section 1.5 reviews the studies on Sinitic tone sandhi. Section 1.6 discusses previous
studies on Southern Min tone sandhi. Section 1.7 reviews previous studies on Zhangzhou. Section
1.8 introduces the structure of this thesis.

1.1. Research Goals
This thesis is designed to explore the nature of tones in Zhangzhou, an under-described Southern

Min variety. Five major research questions guided this study:

(1) How many tones are there in Zhangzhou?

(2) What are tones essentially realised in Zhangzhou?

(3) How do tones interact in constructions beyond monosyllables?
(4) How are disyllabic tones related to citation tones phonologically?

(5) How are various forms of Zhangzhou tones structured abstractly?

The first three questions are addressed using interacting multi-methodological approaches,
including linguistic fieldwork, auditory and acoustic phonetics, and statistics. A multidimensional
framework is proposed to investigate what Zhangzhou tones are essentially realised in utterances.
Three linguistic contexts—citation, phrase-initial and phrase-final—are examined to reveal how
tones interact with each other; and how many tones are there in this language. Linguistic theories
are drawn upon to explain how tones are related to each other across different contexts, how native
speakers structure different forms of tonal realisations in their mental grammar, and how different

linguistic levels interact to shape Zhangzhou tone sandhi.

The phonetic study, supplemented with statistics, is essential for observing, understanding, and
generalising the multidimensional realisations and complicated interactions of Zhangzhou tones,
using graphic, quantified, and testable patterns. The theoretical analysis benefits from the
descriptive results of phonetics and is expected to achieve a higher level of prediction of how
those cognitive aspects of tone exist in the mental system, and to explain the ways in which the

cognitive aspects are mapped onto their phonetic parametric spaces and vice versa.

Four specific research goals are expected to be achieved in this study. First, this study aims to fill

research gaps in tonal studies of Zhangzhou using modern linguistic methodologies and theories.



Second, it is designed to broaden existing knowledge of Southern Min tone sandhi based on a
systematic and sophisticated phonetic investigation with a new set of data. Third, it is intended to
improve our understanding of the nature of tone as an important linguistic category. Fourth, it
will hopefully expand the empirical domain for typological surveys of tone in the East and

Southeast Asia.

1.2. Research Opportunities

Four major research opportunities contributed to the formulation of this project. First, Zhangzhou
is tonally interesting but is under-described. The language makes good use of pitch contour to
distinguish lexical meanings. For example, as shown in Table 1-1, the syllabic nasal can bear five
different pitch shapes to differentiate five different lexical items. Nevertheless, the single
dimension of pitch appears inadequate to characterise all tonal contrasts, but rather, a variety of
segmental and suprasegmental parameters function together to construct the tonal distinctions.
For example, the citation tones 4 and 6 appear not distinguishable in terms of pitch, but they differ
considerably in a variety of other parameters, as indicated in Table 1-2, in which the symbol *

signifies no tokens were found.

Table 1-1. Contrastive use of pitch in the lexical distinctions in Zhangzhou

?m35 ‘to drink’ 2135 ‘he/she’
?m22 ‘flower bud’ 2122 ‘move’
?mb51 ‘aunt’ ?i51 ‘chair’
?m41 ‘affirmative’ ?i41 ‘intention’
?m33 ‘negative’ ?i33 ‘play’

Table 1-2. Comparison of multidimensional realisations of citation tones 4 and 6 in Zhangzhou

Parameter Tone 4 Tone 6

Pitch [41] [41]

Length medium short

Vowel quality no diphthongisation  high vowel diphthongisation
High vowel breathy creaky

Mid vowel modal/creaky *

Low vowel creaky creaky

Syllable coda sonorant not realised obstruent

In addition, tonal interactions in multisyllables reflect complicated interfaces among different
linguistic levels—phonetics, phonology, syntax and morphology. For example, as Table 1-3

shows, tone 3 has a falling pitch [51] in citation, but the pitch is alternated to [25] at the non-



rightmost position of a syntaxtic phrase (XP) and to [55] before the nominal and/or diminutive

morpheme /?e/.

Table 1-3. Examples of pitch alternations of Zhangzhou tones across different linguistic contexts

Context Tone 3 Tone 7
Citation [51] kewS5l1 ‘dog’ [22] djok22 ‘jade’
Non-XP-final [25] kew25.6e51 ‘bitch’ [32] djok32.tsu35 ‘jade bead’

Before /?e/ [55] kew55.7e51 ‘little puppy’ [35] djok35.?e51 “little jade’

Nevertheless, this language is under-described with respect to what tones are essentially realised
in utterances, how tones interact in multisyllables, and how tones are structured abstractly. Several
impressionistic studies have been conducted on its citation tones, but they largely provide only a
list of pitch contrasts, and the results are inconsistent (see Section 4.3). Few acoustic studies can
be found in the literature, but they all exhibited problematic aspects in terms of research design
and analysis (see Section 5.4). No empirical and theoretical study has systematically explored the
nature of tones beyond monosyllables (see Section 6.4). The interesting tonal phenonmeona,
along with their under-description, provide a valuable opportunity in this study to explore and

explain the nature of Zhangzhou tones, and to fill in the research gaps.

Second, the existing interpretations of Southern Min (SM) tone sandhi are indeterminate and
controversial. No theoretical work has been conducted on Zhangzhou tone sandhi, but substantial
studies have been done on the sandhi phenomenon, known as SM tone circle, in other SM varieties
of Xiamen (Amoy) and Taiwan (see Section 1.6). Nevertheless, little agreement has been reached

concerning several fundamental issues, in particular,

e What is the directionality of Southern Min tone sandhi?
e How can Southern Min tone sandhi domain be specified?

e How can the nature of Southern Min tone sandhi be interpreted theoretically?

The indeterminacy and challenge in the explanation of the nature of Southern Min tone sandhi
require a systematic phonetic study, using a new set of data, to explore what SM tones are realised
in utterances, and to examine the existing competing proposals. Zhangzhou, as a typical Southern
Min variety, provides a fertile ground to extend the understanding of the nature of tone sandhi in

Southern Min.

Third, a sophisticated phonetic study is imperative for a better understanding of how tones should
be represented abstractly. Various phonological models have been proposed to represent tones
(see Section 1.3); however, a substantial amount of disagreement exists with respect to several
basic issues. For example, what is tone? What are the primitive tonal features? What is the tone

bearing unit? How are tonal features defined? How are tonal features structured underlyingly?



These problems call for a crucial investigation of what tones are essentially realised in phonetics

for a better understanding of the nature of tone as an important linguistic category.

Last but not the least, being a native-speaking linguist candidate offers several advantages. As a
native speaker of Zhangzhou, | have personal interest in investigating my mother tongue and have
the internalised competence and performance of using this language. As a native-speaking linguist
candidate, | have the intuition and sensitivity to capture subtle details of linguistic significance
that have not yet been found or documented properly. In addition, the linguistic training received

helps reveal and explain the mechanism behind the utterances in a systematic way.

Considering the four specific research opportunities, the study of Zhangzhou tones is expected to
be linguistically significantly interesting. It is hopped it will factor out the problems of
inconsistency and inadequacy of the previous studies of Zhangzhou tones using modern linguistic
methodologies and theories, but also will deepen the understanding of the nature of Southern Min
tone sandhi, and the nature of tone as an important linguistic category.

Sections 1.3-1.7 provide relatively comprehensive reviews on tonology, tonetics, Sinitic tone
sandhi, Southern Min tone sandhi, and previous studies of Zhangzhou. It is hoped that the reviews
will establish a solid research foundation for this thesis to build on, and also offer insights about
what has been done and what needs to be improved for the understanding of the nature of tone in
general.

1.3. Tonology

Approximately 50% (Hyman, 2011, p. 198) or as much as 60-70% (Yip, 2002, p. 1) of the world’s
spoken languages are tonal, which are largely distributed in Sub-Saharan Africa, south-central
Mexico, and East and Southeast Asia (Pike, 1948; Wang, 1967; Yip, 2002; Hyman, 2011), and
partly exist in Amazonia and New Guinea (Donohue, 2003; Hyman, 2006; 2011). The definition
of what a tonal language is varies among linguists (e.g., Pike, 1948; Gandour, 1978; Yip, 2000;
Hyman, 2006, 2011; Maddieson, 2013). For example:

A tone language may be defined as a language having lexically significant, contrastive, but
relative pitch on each syllable (Pike, 1948, p. 3).

A tone language is language in which pitch is used to contrast individual lexical items or
words (Gandour, 1978, p. 41).

A language is a “tone language” if the pitch of word can change the meaning of the word
(Yip, 2000, p. 1).

A language with tone is one in which an indication of pitch enters into the lexical realisation
of at least some morphemes (Hyman, 2006, p. 229).

Tone is the term used to describe the use of pitch patterns to distinguish individual words
or the grammatical forms of word (Maddieson, 2013).



Similarly, linguists have devoted themselves to addressing the issue of how tones can be
represented formally, as shown in Table 1-4; however, consensus has not yet been reached on

some essential issues. For example,

e What are the nature of the primitive features of tones?
e What is the tone-bearing unit?
e Avre tonal features binary or privative?

e How are different features arranged?

Table 1-4. Comparisons of different models for tonal feature representation

Number of Number of Number of
Model feature level register Register feature Pitch feature

Wang, 1967 7 5 1 [high], [central], [mid], [contour], [rising],
[falling], [convert]

Woo, 1969 3 5 1 [high], [low], [modify]

Maran, 1971 2 3 1 [raised FO], [lowered FO]

Halle & Stevens, 1971 2 3 1 [stiff], [slack]

Yip, 1980 2 4 2 [upper] [high]

Clements, 1981 2 4 2 [high] [low]

Yip, 1989 2 4 2 [upper] [raised]

Bao, 1990 2 4 2 [stiff] [slack]

Duanmu, 1990 4 9 3 [stiff],[slack] [above],[below]

Chang, 1992 3 4/6 2 [stiff] [constricted glottis],
[spread glottis]

Hyman, 1993 1/2 9 3 [high], [low] [high], [low]

Fu, 1995 2 5 3 [high], [low] [high], [low]

1.3.1. What are the primitive features of tones?

Many attempts have been made to formulate a set of distinctive features for the underlying tonal
representation of Asian tonal languages (e.g., Wang, 1967; Woo, 1969; Yip, 1980, 1989; Bao,
1990; Duanmu, 1990; Chang, 1992; Fu, 1995) and African tonal languages (e.g., Maran, 1971,
Halle & Stevens, 1971; Clements, 1981; Hyman, 1993). Nevertheless, the questions remain as to
what are the primitive features for tones; how many features are needed for an adequate account,
and how many pitch levels and registers can be distinguished? For example, as indicated in Table
1-4, the various models can be essentially classified into one-register (Wang, 1967; Woo, 1969;
Halle & Stevens, 1971; Maran, 1971), two-register (Yip, 1980; Clements, 1981; Yip, 1989; Bao,
1990; Chang, 1992), and three-register systems (Duanmu, 1990; Hyman, 1993; Fu, 1995).

In the one-register system, tonal features were arranged as part of the feature matrix of vowels
while, in the multi-register systems, different features for tones were structured hierarchically,
separated from their bearing units on a different tier, and separate feature(s) for register were

introduced to encode the articulatory correlation between tonal pitch and segments. Consensus



has not yet been reached on how many contrastive pitch levels are needed (four, five, or nine),
and how many registers are distinguished (two or three), although the diversity of tonal systems

across linguistic areas may also constrain the development of a unified interpretation.

1.3.2. How are tonal features defined?
The distinctive features have specific phonetic bases for their definitions (Hyman, 1975; Clark &
Yallop, 1990); however, different proposals for tonal representations vary in how tonal features

can be defined perceptually, acoustically, or by articulation, as discussed below.

1.3.2.1 Perceptual features

Wang (1967), Yip (1980), Duanmu (1990), Hyman (1993), and Fu (1995) adopted the perceptual
dimension of pitch to define tonal features in their models; however, their terminologies varied
considerably. For example, Yip (1980) used [upper] and [low] while Duanmu (1990) used [above]
and [below]. Wang (1967) used [high], [mid], and [central] to account for five pitch levels but
used [contour], [falling], [rising], and [convex] to distinguish different shapes of pitch contour.

1.3.2.2 Articulatory features

Avrticulatory features are used to encode the physiological correlations between tonal and
segmental production (Halle & Stevens, 1971; Duanmu, 1990; Bao, 1990; Chang, 1992; Zhu,
2012). For example, Halle and Stevens (1971) used the laryngeal features [stiff] and [slack] to
specify three pitch levels associated with three states of vocal cord tension. Nevertheless, no
consensus exists on what motivates the physiological correlations between tones and segments.
For example, Halle and Stevens (1971) related pitch production with the states of vocal cord
tension, and Duanmu (1990) correlated them with the thickness of vocal cord tension. Bao (1990)
suggested the muscle activities of vocal cords while Chang (1992) indicated a different status of
the glottis. Thus, how tonal features can be defined from the articulatory point of view still

remains an open question.

1.3.2.3 Acoustic features

Acoustic features are less frequently used to specify tonal features in the literature, presumably
because of the highly variable property of fundamental frequency (FO0), the acoustic correlate of
pitch. It appears that only Maran (1971, p. 9) adopted [raised FO] and [lowered FQ] to account for

tones in African languages.

1.3.3. Are tonal features binary or privative?

The distinctive features in phonology are often assigned values to indicate their presence or
absence in specific entities. Two different ways have been observed with respect to how tonal
features are valued. Most models (e.g., Wang, 1967; Woo, 1969; Yip, 1980, 1989; Clements,
1981; Hyman, 1993; Bao, 1990; Duanmu, 1990; Chang, 1992) considered tonal features as binary,

given both values “+” and “-” could be equally active in making tonal contrasts. For example, the



opposition of high and low tones was represented as [+high] or [-high] (Yip, 1980; Hyman, 1993)
or [-slack] or [+slack] (Halle & Stevens, 1971; Bao, 1990). Nevertheless, this binary treatment is
claimed to be over-generative and inter-determinate (Clements, 1983; Hyman, 1978; Fu, 1995).
For example, Duanmu (1995)’s model is regarded able to generate as many as nine contrastive
pitch levels, overpredicting the possible maximum of five levels observed cross-linguistically
(Wang, 1967).

Alternatively, some other scholars (e.g., Clements, 1985; Hyman, 1978; Fu, 1995) claimed the
privative features for a simple and economic explanation, because they considered only the
positive value was able to fulfil the linguistic function while the negative value was
phonologically inert. For example, Fu (1995) eliminated extraneous negative values in his model.
Thus, high tone/register was specified as [high], and low tone/register was specified as [low] in
his model while no feature was specified for the neutral tone or register.

The privative approach appears to have an advantage in eliminating redundancy toward an
economical representation. Nevertheless, whether features should be doubled-valued or single-
valued depends on several factors, for example, whether the tonal system investigated is African
or Asian. Further factors include what the inventory of tonal contrasts is and how the feature
geometry is constructed.

1.3.4. What is the tone-bearing unit?

The literature has offered different answers to the question of what is the tone-bearing unit (TBU),
including the mora (Duanmu, 1990; Hyman, 1993; Chang, 1992; Fu, 1995), the syllabic segment
(Woo, 1969; Maran, 1971; Halle & Steven, 1971; Bao, 1990), and the syllable (Wang, 1967; Yip,
1980). The question of what domain a tonal feature is aligned with at the underlying level is not
a simple one. It is a problem that may trigger a series of theoretical constraints for an economic

and adequate account of tonal representations, in particular,

How many tones can a TBU take?
What is the tone-bearing ability of a TBU?

Why is the existence of contour tones greatly constrained?

e How does a TBU accommodate tonal contour complexity?

What are the relations among rhyme structure, tonal contour complexity, and the TBU?

For example, the moraic theory was proposed to accommodate the relation between rhyme
structures and tonal contour complexity (Duanmu, 1990; Hyman, 1993; Chang, 1992; Fu, 1995),
which reflected the tone-bearing ability of syllable rhymes, as Duanmu (1990, p.125) asserted,

When the tone-bearing ability is increased, the rime must be lengthened; when the rime is
shortened, the tone-bearing ability is reduced.



1.3.5. How are different features arranged?

In the theory of feature geometry, distinctive features are assumed to be structured hierarchically,
rather than stored in a simple matrix (McCarthy, 1988; Clements, 1985). In previous tonal models,
the features for register and tone are treated in different ways, giving rise to differences in the

internal structures of the geometry trees, as shown in Figure 1-1.

(1) Register () TBU (3) TBU @ T]I3U
| | Tonal Root Node
TBU Register Laryngeal Node /\
| | /\ Register Node  Contour Node
Tone Tone Register Pitch | |
. : Register Tone
(Yip, 1980) (Yip, 1989) (Duanmu, 1990)
Bao(1990)
(5)  Syllable (6) TFU (M TBU
TILU Tonal Root Node Tonal Root Node
Register Node | / | /\
Tone/Glottis Register Node Tone Node Register Tone Node
Tone
Tone Tone
(Chang, 1992) (Hyman, 1993) (Fu, 1995)

Figure 1-1. Comparison of the internal structures of different tonal models.

As indicated in Figure 1-1, the register and tone tend to be formulated either in a parallel or a
dominant correlation. Some proposals (Yip, 1980; Bao, 1990; Duanmu, 1990; Fu, 1995) indicated
tone and register are parallel, thus the existence of tone is independent of the existence of register.
For example, Yip (1980) asserted that register and tone are independent autosegmentally, so the

register feature may remain stable while the tone feature changes in a sandhi process of deletion.

Alternatively, some proposals (Yip, 1989; Hyman, 1993) treated tone and register as hierarchical,
with the register dominating tone. This dominant relation is proposed based on the assumption
that register and tone may simultaneously undergo a process, such as spreading. Because multiple
instances of spreading are generally prohibited in feature geometry (Clements, 1985), it seems
appropriate to require register to dominate tone, and moving a register node means the features

for tone have to be moved simultaneously.

As discussed, considerable disagreements can be identified with respect to how tones should be
represented. The representability of most existing models may also be challenged by the
polydimensional reality of tonal category, as increasingly revealed in cross-linguistic data (see
Section 1.4, and this thesis). Thus, conducting a sophisticated phonetic study is imperative for a
better understanding of how tones should be better represented abstractly, which is one of the

major aims to be achieved in this thesis.



1.4. Tonetics

As indicated in various tonological models, tonal contrasts are largely characterised with the
perceptual dimension of pitch corresponding to the acoustic dimension of fundamental frequency
(F0), reflecting the rate of vibration of vocal cords (Rose, 1982, 1993). Thus, the differences in
tones are often assumed to be a matter of differences in pitch or FO (Kong, 1987). Nevertheless,
increasingly, studies of unrelated tonal languages have been revealing that, beyond the differences
in pitch/FO, tonal contrasts often involve systematic interaction with other phonetic parameters,
for example, duration, aspiration, phonation, vowel quality, and manner of initial consonants (e.g.,
Schuh, 1978; Rose, 1982; 1988; Whalen & Levitt, 1995; Fox, 2000; Connell, 2002; Faytak & Yu,
2011; Zhu, 2012). This section reviews how tonal pitch/FO interacts with other phonetic

parameters to create tonal realisations and distinctions.

1.4.1. Pitch/F0O and vowel quality

Research on the interaction between pitch/FO and vowels can be categorised into two areas. One
concerns the intrinsic correlation between pitch/FO and vowel height (Hombert, 1978; Connell,
2002; Fox, 2000; Whalen & Levitt, 1995; Hoole & Hu, 2004) while the other considers the
occurrence restriction of vowels with respect to different tones (Yip, 1980, 2002; Ping, 1995;
Chan, 1985; Myers & Tsay, 2003; Donohue, 2007, 2013; Mortensen, 2013).

First, it has been attested cross linguistically that high vowels tend to have a higher fundamental
frequency than do low vowels (Connell, 2002; Fox, 2000; Whalen & Levitt, 1995). For instance,
Whalen & Levitt (1995) conducted a survey on 31 languages from 11 language families to
investigate the intrinsic interaction between FO and vowel quality. Results justified the general
assumption of a positive correlation between vowel height and FO height, and also indicated the
intrinsic FO varies as a function of vowel height and having no significant correlation with the

dimension of vowel backness.

Second, vowel quality has been reported undergoing alternation in accordance with specific tonal
environments, for example, in the Mang dialect of Shuijingping (Mortensen, 2013) and Fuzhou
(Yip, 1980, 2002; Ping, 1995; Chan, 1985; Myers & Tsay, 2003; Donohue, 2007; 2013).
Specifically, a vowel-raising process was found in Fuzhou with respect to the higher pitched
tones, as shown in Table 1-5 (Myers & Tsay, 2003, p. 119).

Table 1-5. Vowel alternations with respect to tones in Fuzhou

Tone Vowel alternation
LM, LML @& ai au ay ei ou ®y ieu uoi
HHL M ¢ ei  ou oy i u y iu ui




1.4.2. Pitch/F0 and duration

The correlation between vowel duration and pitch has been studied cross-linguistically (e.g., Zee,
1978; Kong, 1987; Yu, 2010; Faytak & Yu, 2011). In general, vowels on low tones are found to
have a longer duration than they are on high tones, and vowels on rising tones appear longer than
on falling or level tones (Yu, 2010; Faytak & Yu, 2011). In other words, pitch/FO height and
duration are correlated negatively: The higher the pitch/F0, the shorter the duration; the lower the

pitch/FO, the longer the duration.

Counter-examples are also found showing a positive association between pitch and duration, such
as in Taiwanese (Zee, 1978; Kong, 1987), Cantonese (Faytak & Yu, 2011), and Yucatec Maya
(Faytak & Yu, 2011). Specifically, the mid-level tone in Cantonese is observed longer than the
mid-low level tone (Faytak & Yu, 2011).

1.4.3. Pitch/F0 and consonant

The intrinsic correlation between pitch/FO and (prevocalic) consonants has been widely reported
in the literature (e.g., Halle & Stevens, 1971; Hyman & Schuh, 1974; Hombert, 1976, 1978;
Abramson & Erickson, 1978; Ohala, 1978; Rose; 1996; Thurgood, 2002; Yip, 1980, 1989, 2002;
Xu & Xu, 2003; Lai & Jongman, 2005; Francis et al., 2006; Lai et al., 2009; Ladefoged & Disner,
2012). For example, Hyman & Schuh (1974, p. 110) proposed a phonetic hierarchy showing
continuous consonant-induced perturbative effects ontonal pitch as shown in Figure 1-2.

Tone Raising  implosive
voiceless aspirated
voiceless unaspirated
sonorants
voiced obstruents
Tone Lowering breathy voice

Figure 1-2. Phonetic hierarchy of consonant-induced perturbative effects on tonal pitch/FO realisation.

As indicated in this figure, the prevocalic voiced obstruents are treated to have a depressing effect
on the pitch/FO onset of following vowels while their voiceless counterparts can raise the onset
(Hombert, 1978; Abramson & Erickson, 1978; Yip, 2002; Lai & Jongman, 2005). The voicing-
induced perturbation effect on pitch/FO generally has been considered a main motivator of tonal
development in Chinese (Yip, 2002), Thai (Abramson & Erickson, 1978), Viethamese (Thurgood,
2002), and many languages in Tibetan-Burman, Austronesian, and Hottentot languages in South
Africa (Hombert, 1978, p. 79 and reference therein). Specifically, the concept of Yin and Yang
register in Sinitic languages reflects the association between tonal pitch and voicing status of

syllable onsets in historical times, and is still commonly used to classify spontaneous tones.

In addition, aspiration (positive lag of voice onset timing) is generally considered to have a raising

perturbation effect on the pitch/FO of following vowels in languages regardless of whether they
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are tonal or not (Hombert, 1976, 1978; Yip, 2002; Xu & Xu, 2003; Lai & Jongman, 2005; Francis
et al., 2006; Lai et al., 2009). For example, Lai et al. (2009) found the FO is statistically

significantly higher in the aspirated than in the unaspirated environment in Taiwanese.

Nevertheless, some languages are reported as showing conflicting results (Hombert, 1976, 1978).
For example, the aspiration-induced perturbation effect on the FO onset is found not systematic
in American English and French (Hombert, 1976), and Hindi has a higher FO after voiceless,

unaspirated obstruents rather than after aspirated obstruents (Hombert, 1978).

1.4.4. Pitch/F0 and phonation

The function of phonation in tonal systems has received substantial attention (e.g., Ladefoged,
1971; Laver, 1980; Huffman, 1987; Andruski & Ratliff, 2000; Gordon & Ladefoged, 2001; Pan,
2005; Garellek & Keating, 2011; Esposito, 2010, 2012; DiCanio, 2009, 2012; Zhu, 2012; Kuang,
2013; Mortensen, 2013). Ladefoged (1971) proposed a continuum of phonation types with respect
to the openness of glottal status, as shown in Figure 1-3 (Gordon & Ladefoged, 2001, p. 1).

Most open « » Most closed
Phonation type Voiceless Breathy Modal Creaky Glottal closure

Figure 1-3. Continuum of phonation types.

Cross-linguistic studies have revealed three different functions that phonation generally plays in
tonal languages (Andruski & Ratliff, 2000; Gordon & Ladefoged, 2001; Kuang, 2013; Garellek
& Keating, 2011; DiCanio, 2012; Zhu, 2012; Mortensen, 2013).

First, non-modal phonation occurs as an allophonic variant of modal phonation, depending on a
specific tone, for example, in White Hmong (Esposito, 2012), White and Blue Hmong (Huffman,
1987), Green Hmong (Andruski & Ratliff, 2000), and Itunyoso Trique (DiCanio, 2012). For
example, each Burmese tone is characterised by a particular type of phonation, including a low,
modal-voiced tone; a high, breathy tone; a high, creaky tone; and a very high, tense-voiced tone
(Mortensen, 2013, p. 204).

Second, non-modal phonation intersects independently with the tonal system, possibly
multiplying the number of tonal contrasts (Andruski & Ratliff, 2000; Gordon & Ladefoged, 2001;
DiCanio, 2009; Garellek & Keating, 2011; Kuang, 2013; Mortensen, 2013). For example, San
Felipe Jalapa de Diaz (Jalapa) Mazatec contrasts three phonation types (breathy, modal, and
laryngealised) and three level tones (low, mid, and high) independently (Garellek & Keating,
2011). Another possibility is that non-modal phonation is occasionally associated with a certain
tone among some speakers and for some occasions; for example, the third tone in Mandarin is

produced occasionally with creaky phonation (Kuang, 2013).
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1.4.5. Pitch/FO0 and syllable coda

The presence of syllable obstruent codas is generally considered able to constrain the number of
tonal contrasts and determine which tone should appear in many tonal languages in East and
Southeast Asia (e.g., Benedict, 1948; Pike, 1948; Leiste, 1976; Gandour, 1978; Ballard, 1988;
Chen, 2002; Zhang, 2007; Ratliff, 2015). For example, Hyman (2012, p. 191) summarised the

limiting effect of obstruent codas on tonal contrasts in several Sino-Tibetan languages, as shown

in Figure 1-4.
Language classification  “smooth” svllables stopped ratio codas
Bola Lolo-Burmese H.L. HL H.HL 332 ptk?mny
Maru Lolo-Burmese H.M. L H.L 332 ptk?mny
Tangkhul Naga H.M.L M. L 332 ptkmnpgrwy
Trung Nungish H.L.HL.LH H 41 ptk?mnylr
Jingpho Jigpho H. M. L. HL H.L 42 ptk?mny
Karen (Pa’o) Karenic H. M. L. HL M.L 42 ptk?mny
Xiamen Chinese 44.24.22.21.53 4,32 52 ptk?mngwy
Cantonese Chinese 53~55.33.22.21.35.23 5.4.3 6:3 ptkmnpgwy

Figure 1-4. Limiting effect of obstruent codas on tonal contrasts in Sino-Tibetan languages.

As indicated in Figure 1-4, a full inventory of tonal contrasts is preserved in “smooth” syllables
that end in sonorant codas while the number of tonal contrasts is reduced greatly in “stopped”
syllables that end in obstruent codas at the underlying level (Hyman, 2012, p. 191). In addition,
the tonal contrasts found in stopped syllables tend to be a subset of those shown in smooth
syllables. Thus, tones appear asymmetrically distributed with respect to the syllable coda types.
Nevertheless, how the asymmetry of tonal distribution can be accounted for formally can give in
the literature. For example, the tonemic approach considers the stopped tones and smooth tones
as two distinct categories (Sagart, 1998; Chen, 2000) while the allotonic approach treats the

stopped tones as an allotonic subset of the smooth tones (Benedict, 1948; Hyman, 2012).

As discussed, the close interactions between tonal pitch and other phonetic parameters have been
increasingly reported; however, it is not common to see empirical studies that have incorporated
various segmental and suprasegmental parameters to investigate the nature of tonal realisations,
especially in Sinitic languages. This thesis is devoted to advancing tonal studies by proposing a
multidimensional framework to examine what tones are essentially realised across different

linguistic contexts, and how various parameters interact to shape tonal distinctions.

1.5. Sinitic Tone Sandhi

The realisation of tones can be alternated when tones interact with each other in utterances beyond
monosyllables. The process of contextually triggered tonal alternation generally is referred to as
tone sandhi in the linguistic literature (Benedict, 1948; Pike, 1948; Leiste, 1976; Gandour, 1978;
Ballard, 1988; Chen, 2002; Zhang, 2007; Ratliff, 2015). For example,
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Under the circumstances appropriate to a given language, a syllable may have its normal
toneme removed and a different one substituted for it. (Pike, 1948, p. 22)

[1]ts phonetic realisation may be influenced by the presence or type of tone on an adjacent
syllable (or word). This phenomenon is referred to in linguistic literature under the name
of tone sandhi. (Leiste, 1976, p. 231)

[T]ones change their shapes due to the effect of neighbouring tones upon one another.
(Gandour, 1978, p. 55)

Tone sandhi describes phonetically conditioned morphotonemic alternations at the junction
of words or morpheme. (Chen, 2000, p. F37)

Tone sandhi refers to tonal alternations conditioned by adjacent tones or by prosodic or

morphosyntactic position in which the tone occurs. (Zhang, 2007, p. 259)
A tone is referred to generally as a citation tone when its monosyllabic-bearing unit is produced
in isolation or in a prominent position in a tone group, and it is called a sandhi tone when its
monosyllabic-bearing unit is used in a non-prominent position (Chen, 2002). In this study, citation
tones are specifically referred to those tones produced in isolation. Surveys of cross-linguistic
data have revealed instances of tone sandhi are typologically diverse and dynamic, which is
generally reflected in the motivation of tonal alternation, the dominancy of the sandhi pattern, and

the selection of sandhi domain in which various processes of tonal alternation operate.

1.5.1. Motivation of tone sandhi
Tone sandhi can be motivated by different linguistic factors across different languages (Ballard,
1988; Chen, 1987, 2000; Yip, 1980, 1995, 2002; Duanmu, 2005; Zhang, 2010, 2014), mainly

including the following:

e Phonological environment of an adjacent tone, and

e The morphosyntactic contexts where the tone occurs

First, the tone sandhi can be phonologically conditioned by a specific tonal category. For example,
the context triggering tonal alternation of Mandarin tone 3 is phonological in nature (Chen, 2000).
The pitch realisation of tone 3 is alternated to that of tone 2 when preceding another tone 3, as
illustrated in (1; Chen, 2000, p. 21).

(1) a ma3 ma3 ‘tobuyahorse’ b. mai2 ma3  ‘to bury a horse’
214 214 base form 35 214 base form
35 214 sandhi form 35 214 sandhi form

Alternatively, it can be morphosyntactically determined (Ballard, 1988; Chen, 1987, 2000;
Duanmu, 2005; Zhang, 2010, 2014). For example, Wenzhou Wu exhibits a special sandhi pattern
for exhortatives and vocatives and another pattern for diminutives (Ballard, 1988). Puxian (Min)
shows separate sandhi patterns for reduplicated and triplicated adjective besides the general
sandhi paradigm (Ballard, 1988).
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The sandhi realisations conditioned by different morphosyntactic categories are generally not
predictable and present irregular patterns (Yip, 2002; Chen, 2000). Nevertheless, the irregularity
and unpredictability of such sandhi paradigms offer much to deepen understanding of the overall
organisation of the grammar in general and the interface between morphosyntax and phonology
in particular (Chen, 2000).

1.5.2. Dominancy of tone sandhi

A considerable number of studies have investigated how sandhi processes are implemented with
respect to dominancy (Wright, 1983; Shih, 1986; Ballard, 1988; Rose, 1994, 1995, 2004, 2011,
2016; Duanmu, 2005; Chen, 2000; Zhang, 2007). Generally, the tone sandhi system in Sinitic
languages can be classified as either left-dominant or right-dominant, depending on the position
that syllables retain the forms of citation tones while keeping the full range of tonal contrasts

within a sandhi domain.

In the left-dominant sandhi system, tonal realisations on the initial syllables are retained and
syntagmatically extended rightwards over the entire sandhi domain, regardless of how many
syllables are there in the domain and how those syllables are structured, prosodically or
morphosyntactically (Ballard, 1998; Chen, 2000; Duanmu, 2005; Zhang, 2007). For example, in
Shanghai of Wu dialect, the pitch of the initial syllables determines the pitch contour of the entire
domain, as shown in (2; Duanmu, 2005, p. 3).

2 a se pe ‘three cups’ b. sz pe “four cups’
HL HL base form LH HL base form
H L sandhi form L H sandhi form

In the right-dominant pattern, tonal realisations on the final syllables are considered preserved,
while those of non-final tones are paradigmatically replaced by their corresponding sandhi forms
(Wright, 1983; Shih, 1986; Ballard, 1988; Chen, 2000; Zhang, 2007; Rose, 2016). The right-
dominant sandhi pattern is commonly found in Southern Wu and most Min in China (Zhang,
2007; Rose, 2016). For example, in Wuyi of Southern Wu, those tonal contrasts are preserved on
the prominent-final position but are significantly reduced to only two simple high and low levels

on the first syllables, as shown in Figure 1-5 (Zhang, 2007, p. 262).

60| 24 [ 213 | 53 | 31 | 55 [ 13
24

213 55-Ts2

53

31

55 11-Tq,

13

Figure 1-5. Example of the right-dominant tone sandhi in Wuyi.
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Some Sinitic languages (e.g., Wuxi, Wenzhou, Zhenhai, Shainghai, Lianyungang, etc.) exhibit
bidirectional sandhi patterns (Ballard, 1988; Rose, 1995; Zhang, 2007). In general, sandhi patterns
fall under either left-dominant or right-dominant, but a special sandhi pattern with a different
direction can also be observed, which tends to be morphosyntactically conditioned (Ballard, 1988;
Rose, 1995; Zhang, 2007). For example, in Shanghainese, the modifier-noun phrase (NP) has a
left-dominant sandhi pattern while the verb-object phrase (VP) exhibits a right-dominant sandhi

pattern, as shown in (3, Duanmu, 2005, p. 6).

3 a tsho ve “fried rice’ (NP) b. tsho ve ‘to fry rice’ (VP)
LH LH base form LH LH base form
L H sandhi form L LH sandhi form

1.5.3. Selection of tone sandhi domain

The process of tone sandhi is characteristically domain sensitive; however, the selection of tone
domain appears language dependent. Each prosodic unit, such as metrical foot, prosodic word, or
phase, has the potential to be an operational domain for sandhi processes (Wright, 1983; Shih,
1986; Ballard, 1988; Chen, 1987, 1992, 2000; Duanmu, 1990; Yip, 1993, 2002). Many Wu
dialects (e.g., Wuxi, Danyang, and Shanghai) and some Min dialects (e.g., Fuzhou) are reported
having a prototypical stress-sensitive tonal system (Ballard, 1988; Chen, 2000; Duanmu, 1990;
Shih, 1986; Wright, 1983). Within a given stress foot, all unstressed syllables lose their original
tonal contrasts while the stressed syllables preserve their lexical tones and extend them to the rest
of the metrical unit (Wright, 1983; Shih, 1986; Chen, 2000). The sandhi domain in Southern Min
is generally taken to be a phonological phrase in the prosodic hierarchy but is syntactically

determined, reflecting an interface between phonology and syntax (see Section 1.6.2).

As reviewed, conducting a survey of the tone sandhi of Sinitic language family not only entails
examining what tones are realised, but also revealing and explaining how the sandhi domain is

defined; what its dominancy is; and what motivates tone sandhi to occur in utterances.

1.6. Southern Min Tone Sandhi
Southern Min, as a major branch of the Min language in the Sino-Tibetan language family, has
long been asserted exhibiting an intricate tone sandhi phenomenon known as the Southern Min

tone circle, and has attracted substantial studies from different perspectives, including

e Generative phonology (e.g., Wang, 1967; Cheng, 1968)
e Autosegmental phonology (Yip, 1980; Shih, 1986)

e Optimality theory (e.g., Yip, 2002; Mortensen, 2002; Hsieh, 2005; Barrie, 2006;
Thoms, 2008)

e Lexicalised phrasal phonology (Tsay & Myers, 1996)

e Psychological reality and production experiment (e.g., Hsieh, 1976; Wang, 1992; Tsay
& Myers, 1996; Zhang et al., 2006; Zhang, et al., 2007; Chen et al., 2010)
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e Interface between phonology and syntax (Chen, 1987; Lin, 1994; Zhang, 1993; Chen,
2000; Duanmu, 2005).

Published studies largely addressed the following four aspects,

e Directionality of Southern Min tone sandhi (e.g., Tsay, 1991, 1994; Hashimoto, 1982)
e Definition of Southern Min sandhi domain (e.g., Chen, 1987; Lin, 1994; Zhang, 1993)

e Rule- and Constraint-based interpretation of Southern Min tone circle (e.g., Wang,
1967; Yip, 1980; Shih, 1986; Yip, 2002; Mortensen, 2002; Hsieh, 2005; Barrie, 2006;
Thoms, 2008)

e Lexicon-based interpretation of Southern Min tone sandhi (e.g., Hsieh, 1976; Wang,
1992; Tsay & Myers, 1996; Zhang et al., 2006; Zhang et al., 2007; Chen et al., 2010).

Thus, numerous attempts have been made to account for the nature of Southern Min tone sandhi,
primarily focusing on the variety of either Xiamen or Taiwan; however, little agreement has been
reached with regard to each aspect. The following section reviews previous work to build a solid

foundation for this thesis.

1.6.1. Domain of SM tone sandhi

The specification of tone sandhi domain in Southern Min reflects a close interaction between
phonology and syntax. The SM sandhi domain is generally considered as syntactically related
(Chiu, 1931; Cheng, 1968; Chen, 1987; Lin, 1994; Zhang, 1993), but conflicting opinions also
exist. Chiu (1931, p. 24, as cited in Chen, 1987, p. 114) assumed SM sandhi domain (also known
as tone group) to be in a one-to-one correspondence to syntactic constituents, and the citation
tones marked the end of morphosyntactic units. Chen (1987, p. 147) claimed the prosodic domain
for Southern Min “is circumscribed by, but not necessarily isomorphic to, surface syntactic
structure”. Correspondingly, he characterised the SM sandhi domain as, “Mark the right edge of
every XP with #, except where XP is an adjunct c-commanding its head” (Chen, 1987, p. 131).

Chen’s definition was revised further by Zhang (1992, as cited in Zhang, 1993, p. 302): “Mark
the right edge of every XP with #, except where XP is an adjunct m-commanding either its head
or the head of XP on the right except infl”. Lin (1994, p. 248) defined the prosodic domain for

SM tone sandhi in terms of lexical government:  Jxmax, X™ not lexically governed”.

As mentioned, the tone sandhi domain in Southern Min is generally considered as aligned with
syntactic phrases (Chiu, 1931; Chen, 1987; Zhang, 1993). The right-hand boundary of a prosodic
phrase is assumed to occur at the right-hand boundary of a syntactic phrase XP; however, not
every XP is considered being able to mark a prosodic group within which a sandhi process occurs.
For example, Chen (1987) considered the adjuncts within a projection of lexical categories, such
as N or V, tend not to form separate tonal domains but are subsumed under the larger XP group

categorised as NP or VP.
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1.6.2. Directionality of SM tone sandhi

Two competing proposals exist with respect to the directionality of Southern Min tone sandhi.
First, the direction of tone sandhi is generally viewed as being from the juncture (domain-final)
to context (the non-final) position (e.g., Wang, 1967; Cheng, 1968; Chen, 1987; Yip, 1980; Shih,
1986; Zhang; 1993; Yip, 2002; Mortensen, 2002; Hsieh, 2005; Barrie, 2006; Thoms, 2008). In
other words, these proposals consider that the citation/juncture form is the basis. The mapping

between citation and sandhi forms is thus generally schematised as follows (Chen, 1987, p. 113):

T->T/T
(where T is the citation tone and T’ is the sandhi tone).
This sandhi rule indicates that one tone’s citation form is the sandhi form of another tone. The
whole tone sandhi process of sonorant-ending syllables—also known as unstopped, smooth, or
free syllables—are considered to be circular, while the tones of obstruent-ending syllables—also
known as stopped, or checked syllables—form a subsystem of their own, as shown in Figure 1-6
(Chen, 1987, pp. 111-112).

Free Syllable TS Checked Svyllable TS
24 1 4 - oan
7227 J43z -7 4 (—ptk)
44 21
53 Ns3  (—a)

Figure 1-6. Southern Min tone circle in Xiamen (juncture to context).

Alternatively, some scholars (e.g., Hashimoto, 1982; Tsay, 1991; 1994) asserted the direction of
alternation is from context form to prejuncture form. In other words, the juncture is considered as
the conditioning environment, in which the prejuncture from is derived from the context. The

derivation process is formulated as below (Tsay, 1991, p. 83).

Teon — Tpre/_ #
(where Tcon for the context tone, Tpre for the prejunction tone, # for juncture)

Similarly, the whole tone sandhi process of sonorant-ending syllables is also found forming a
circular change (Tsay, 1991, p. 83), as shown in Figure 1-7. Thus, as Tsay & Myers (1996, p.
402) stated, the direction of the Southern Min tone sandhi appears to be indeterminate, and there
seems “no compelling reason for choosing one of the alternating tones as underlying and the other
as derived” (Tsay & Myers, 1996, p. 402).
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The tone alternation is given in (16).
{16) Context tone (basic) --> prejuncture tone (derived)

T

con pre
Tone I&II 1% -3 H
Tone III H —— HL
Tone IV HL -3 L
Tone V L =2 (%)

The South Min Tone Circle now appears as in (17).

(17) The South Min Tone Circle

J —eem=> H
A~ |
! v
I <===== HL

Figure 1-7. Southern Min tone circle in Taiwan (context to prejuncture).

In this thesis, the citation form specifically refers to the form when the related monosyllabic
morpheme is produced in isolation; while the sandhi form refers to the form when the related
morpheme is produced in the non-phrase-final context. However, determining which form is basic
and which form is derived is difficult, because tonal contrast neutralisation is observed occurring
across linguistic contexts, and both forms are considered being independently stored in the mental
grammar of native speakers (see Chapter 9).

1.6.3. Theoretical interpretation of SM tone sandhi

Tremendous attempts have been made to account for the nature of tone sandhi in Southern Min
(e.g., Wang, 1967; Cheng, 1968; Yip, 1980; Shih, 1986; Mortensen, 2002; Thoms, 2008; Hsieh,
2005; Barrie, 2006; Thoms, 2008, Hsieh, 1976; Schuh, 1978; Wang, 1992; Tsay & Myers, 1996;
Chen, 2000; Chen et al., 2010). Nevertheless, it is claimed theoretically challenging to provide a
unified, adequate and natural interpretation using the theories of both generative and optimality,

indicating the need for other considerations from other perspectives beyond phonology.

1.6.3.1 Rule-based interpretation

In the paradigm of generative phonology, researchers (Wang, 1967; Cheng, 1968; Yip, 1980;
Shih, 1986) have endeavoured to formulate the Southern Min sandhi process in terms of rules but
have achieved little agreement with respect to how many and what rules are needed. For example,
Wang (1967) characterised the tonal alternations occurring among five unstopped tones in Amoy
(Xiamen), using a single alpha-switching rule of [ahigh, Bfall] — [Bhigh, -afall]. Each alternating
process involved only one change in the specification of either the high or falling feature, as
shown in Figure 1-8 (Wang, 1967, p. 104).

+HiGH —HIGH —HIGH 4 HIGH +HIGH
- — — —
—FALLING —FALLING | +FALLING +FALLING —FALLING
Figure 1-8. Feature switching rule for Xiamen tone sandhi in Wang (1967)°s model.
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Yip (1980) proposed a set of three separate rules, including register switch, recessive deletion,
and dissimilation; however, phonetically similar tones were represented differently at the
underlying level in Yip’s model. For example, citation form [33] of tone 7 was represented as
[+upper; LL], while the sandhi form [33] of tone 1 was represented as [-upper; HH], as shown in
Figure 1-9 (Yip, 1980, p. 325). The divergent representations for the same phonetic realisation

can create a certain degree of comfusion in the analyses.

El E2

tone 1l: 55 [+ U;E\er] register switch . [~ U’p}:ir] 33
H H H H

tone 7: 33 [+ Upper] [- Upper] 21
A N

L L L L

Figure 1-9. Example of similar phonetic pitch but different underlying representations in Yip’s (1989) model.

Schih (1986, p. 14) formulated four rules to account for the tone circle in Xiamen, as shown in

Figure 1-10, but this model essentially fails to characterise the naturalness of tonal alternation.

Min Circle

/1

(9} =>4

T Yoo/ X
N

Figure 1-10. Tone sandhi rules in Shih’s (1986) model.

Tsay (1991) proposed one principle (contrastive preservation principle) and two contrasts (rule
argument constraint and rule exchange constraint) for a unified explanation of Southern Min tone
sandhi. Given these requirements, she asserted the tonal alternation rule could be formulated
simply as “Insert H” (Tsay, 1991, p. 85). However, these rule-based models appear unsatisfactory
to capture the naturalness of phonological processes and environments, as well as the mechanisms
motivating tones to alternate in a circular way in Southern Min. For example, Anderson (1978, p.
157) stated,

[T]he rule defining a tone ‘circle’ is obviously ingenious, but it is not so obvious that it
expresses a linguistically significant generalization.

Alternatively, he considered the sandhi processes as arbitrary substitutions. Chen (2000, p. 44-
45) asserted the Xiamen tone circle was an historical accident, because other Southern Min
variety, such as Longxi (present-day Zhangzhou), also presented a similar tone circle that could
be stated in terms of Middle Chinese tonal categories. Thus, Chen considered the sandhi
phenomenon in Southern Min area as “the operative tonal categories hold constant across dialects,

but are filled by phonetic values that vary from one dialect to the other”.
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1.6.3.2 Optimality theory-based interpretation

While the circular tonal alternations have been claimed to be problematic for the rule-based
approach, phonologists (e.g., Yip, 2002; Mortensen, 2002; Hsieh, 2005; Barrie, 2006; Thoms,
2008) in recent decades have resorted to the optimality theory (OT) to explore the phonological
nature of Southern Min tone sandhi. The classical OT paradigm is viewed as hon-computable and
inadmissible in formalizing the circular tone change in which A and B are assumed
simultaneously to be more marked than the others (Mortensen, 2002; Thoms, 2008). Thus, various
extensions of classical OT have been invented, but they differ in constraints and the ways in which

constraints are ranked.

Hsieh (2005) proposed a phonetically driven constraint (Max (Tone) longer-syllable) to explain,
for example, why a rising tone was prohibited in the sandhi position and an anti-merger tone
constraint (*Merger (tone)) to prevent tones from being neutralised during the process. The
constraints were ranked hierarchically in a strict order as follows (Hsieh, 2005, p.1 09):

Max (Tone) longer-syllable (*Rise) >> *Merger (L) >> *Merger (H) >>
*Merge (Tone) >> Ident-O0O-(H-Register)
Nevertheless, Hsieh’s analysis does not account theoretically for some facts, for example, why
tones must be alternated to other forms, why higher register tones are not preferred in non-

prominent contexts, and why tones alternate in a circular fashion.

Barrie (2006) asserted the circular tonal alternation was a phonological activity rather than a
morphological process (Hsieh, 1970, 1976; Wang, 1992; Tsay & Myers, 1996) or a paradigmatic
replacement (Schuh, 1978). He claimed the tonal circle could be characterised by expanding
constraints of preservation contrasts, as proposed by Lubowicz (2003, as cited in Barrie, 2006).
The constraints that Barrie proposed can be ranked hierarchically in a strict order as follows
(Barrie, 2006, p. 138):

*Rise >> *PCout(Register) >> *PCout(Pitch) >> *Contour >> *High.

Nevertheless, these constraints account for only a small number of scenarios of the tonal

alternations in Xiamen. The testability and predictability of his model needs to be verified further.

Thoms (2008) proposed six different constraints to explain the mechanisms underlying the
Xiamen tone circle. The constraints were proposed based on two fundamental assumptions: (1)
Tonal structures were preserved during the process, and (2) the evaluation of candidates was

systemic. These constraints were ordered strictly as follows (Thoms, 2008, p. 427):

DIFFER, *RISE >> *MERGE >> DRAT >> Ident(Pitch) >> Ident(Shape)
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Thoms’s model seems can predict and explain all attested chain shifts in Xiamen; however,
whether this model can make cross-linguistic predictions for languages with similar circular tone

changes must be tested further.

In summary, OT grammarians have endeavoured to construct sets of constraints to argue for the
phonological reality of circular tone shifts. Various extensions of classical OT have been invented,
but they also encountered theoretical difficulties in providing an adequate and unified explanation,

as in the rule-based approaches.

1.6.3.3 Lexicon-based interpretation

While it appears phonologically challenging to offer a natural and unified explanation for the
motivation of Southern Min tone sandhi, a group of researchers conducted experiments to test the
psychological reality of SM tone sandhi rule (e.g., Hsieh; 1976; Wang, 1992; Tsay & Myers,
1996; Zhang et al., 2006; Chen et al., 2010), the results of which largely falsify the full
productivity of tone sandhi rule in Taiwan, and favour a lexicon-based interpretation for the
relation between sandhi and citation tones.

Hsieh (1976) asserted that both sandhi and non-sandhi forms are listed in the lexicon and the
choice between the two alternatives is optional, because the speaker failed to demonstrate any
knowledge of her bi-dialectal tone sandhi rules. However, the explanatory power of his assertion
is thought to be limited, because Hsieh’s research corpus only involved one bi-dialectal female
speaker of coastal and inland Taiwanese, and only focused on two tones of low-rising [13] and

high-falling [53] s at the underlying level

Wang (1992) also claimed that both isolation and sandhi tones are listed in the lexicon based on
his long-term experiment for seven tones of 22 native speakers of Hsin-chu Taiwanese. Contrary
to Hsieh (1976)’s finding, Wang believed that “some sandhi rules are real to a certain degree,
although perhaps not to the degree of automatically generative as assumed in SPE” (p. 125), to
which he assumed that the sandhi rules are organisational rather than derivational. However, the
difference between Wang’s lexicon-based proposal and previously rule-based models appears to

be how generative the rules are, which may to a certain degree undermine its plausibility.

Tsay & Myers (1996) also proposed an allomorph selection hypothesis for Taiwanese tone sandhi.
They asserted that morphemes are stored in the lexicon with an abstract diacritic indicating tonal
category, and no lexical rules are applied to derive the allomorphs, as shown in Figure 1-11 (p.
403). Nevertheless, the claim they made is largely not built on systematic empirical investigations
on their own, but rather by summarising the results of proposed studies from multiple sources,
which calls into question the plausibility of the model, and calls for substantial empirical studies

to test the hypothesis.
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(15) The lexicon in TTS
LEXICON RULES

[ NONE

xp.
XP not lexically governed
si[Tone 1], si[Tone 2], si[Tone 3], ...
ALLOTONE TABLE

Tone 1 Tone 2 Tone3 Toned Tone S
[Frame 1] LH H HL L M
Elsewhere M M H HL L

(16) Allomorph selection in TTS

si[Tonel]
Tonellamyy 8
si[Tone si[Tonel
Oupur [Frame 1] ]
of lexicon: si[LH] si[M]
I |
ALLOMORPH inserted into i
SELECTION symactic environment c:sn:fvnh:zit
matching [Frame 1]

Figure 1-11. Allomorph selection in Taiwanese tone sandhi in the model of Tsay & Myers (1996).

Chen et al. (2010) asserted that Taiwanese tone sandhi is not grammar-governed but rather an
allomorph selection on the basis of the results of their production experiment on five non-checked
from two groups of 12 Taiwanese speakers. Results also showed that the performance of speakers’
tone sandhi production is significantly affected by age group, allomorph frequency, positions of
the morpheme besides the lexical experience. Similarly, Zhang et al. (2006) asserted that the
Taiwanese tone sandhi productivity is considerably affected by phonological opacity, durational
property and lexical frequency of the sandhi. Thus, examining the productivity of Southern Min

tone sandhi must take into account various factors for a plausible and adequate interpretation.

As discussed, linguists have devoted themselves to exploring the nature of Southern Min tone
sandhi. Either rule-based or OT-based approaches have been asserted failing to provide a unified
and adequate account to capture and interpret the naturalness and mechanism of tone sandhi in
Southern Min. The unsatisfactory efforts have led linguists to reconsider the fundamental question
of whether tones change in a circle and to look for other analytical solutions beyond phonology.
For example, a considerable number of production experiments have been conducted to question
the psychological reality of tone sandhi rule in Taiwanese, giving rise to a lexicon-based

interpretation of allomorph selection.

This thesis asserts a morphological nature for Zhangzhou tones, and a morphophonemic relation
between sandhi and citation tones through mapping the relatedness of citation, phrase-initial and
phrase-final tones in accordance to their multidimensional realisations in phonetics (see Chapter
9). It is hoped that it will improve our understanding of how various forms of tonal realisations in

Southern Min are structured and related in the mental grammar of native speakers.
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1.7. Studies of Zhangzhou
Zhangzhou belongs to Southern Min of the Sinitic language family. This dialect has received a
considerable amount of linguistic attention since the early 19th century, and studies can be

categorised into four main types:

e Documentation of homophone dictionary of Zhangzhou (Xie, 1818; Medhurst, 1838;
Dyer, 1838; Schlegel, 1886; Dong, 1959; Lin, 1992; Ma, 1993; ZCCEC, 1999; Gao,
1999; Zhou, 2006; among others).

e Diachronic comparisons between the sound system of present-day Zhangzhou and that
of Archaic Chinese (Huang, 1999), that of “Guangxun” of Middle Chinese (Chen,
1990; Ma, 19973, 1997b, 1999; Yang, 1999), and that of Zhangzhou in the 19th century
(Chen, 1990; Guo, 1999; Du, 2013; Huang, 2014).

e Synchronic comparisons between the sound system of Zhangzhou and other varieties
of Southern Min, for example, Xiamen, Quanzhou, Taiwan, Chaozhou, Longyan, and
soon (Chen, 1998; Li &Yao, 2008; Ma, 2002, 2008; Liang, 2014; Wu, 2012; Ma, 2013;
Huang, 2014; Ding, 2016; among others).

e Synchronic description of the sound system of Zhangzhou, including vowels (Huang,
2009; 2010) and citation tones (Yang, 2008; 2014; Yin, 2009; Huang et al., 2016).

These descriptive materials—Iists of segmental and tonal inventories, as well as the rhyme table—
indicate many interesting details with respect to the sound systems of Zhangzhou and local
vocabularies; however, there are significant limits to the insights they can offer, both empirically
and theoretically. No studies have addressed the basic issues with respect to syllables and
segments (see Section 3.6), for example, what are the individual syllable components realised
phonetically, and how can they be treated phonologically? How do segmental and suprasegmental

parameters interact to shape tonal distinctions?

Several studies have provided a list of pitch contrasts for Zhangzhou citation tones, but the
transcriptions differ not only from each other but also largely from the result of this study (see
Section 4.3). Four pieces of acoustic work of citation tones are seen in the literature, but they all
present problematic aspects in terms of research design and analysis (see Section 5.4). No
empirical and theoretical analysis has been conducted on Zhangzhou tone sandhi (see Sections
6.4, 7.3, 8.3, and 9.4). Therefore, Zhangzhou can be considered as a hitherto under-described

variety with respect to both segmental and tonal studies.

In this thesis, each body chapter (3-8) will contain a separate section to review pertinent previous
studies of Zhangzhou with respect to specific research issues being addressed in that chapter.
Constrained by the under-descriptions of previous studies, the review section will be consistently
conducted after the presentation of description and discussion of the findings of this study. This
arrangement ensures the original results of this study are better discussed and presented, and also
ensures the research gaps and the contributions that the study made are better identified by

comparisons with previous work.
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1.8. Structure of the Thesis
This thesis is divided into four parts. Part A introduces the preliminaries before formal

descriptions and discussions of Zhangzhou tones.

e Chapter 1 has introduced the research background of this study, including tonology,
tonetics, Sinitic tone sandhi, Southern Min tone sandhi, and previous studies of
Zhangzhou. It also provided an introduction to the research goals and research
opportunities of this study.

e Chapter 2 describes the multi-methodological approaches used in this study. It largely
addresses two issues: (1) How the field data were elicited in the field site of Zhangzhou,
and (2) how the post-field data were processed auditorily, acoustically, and statistically.

e Chapter 3 discusses Zhangzhou syllables and segments. It addresses three primary issues.
(1) How are syllables structured in Zhangzhou? (2) What are the syllable components?
(3) What are the individual syllable components realised phonetically? and how are they
considered phonologically?

Part B addresses the realisations of Zhangzhou citation tones.

e Chapter 4 discusses the auditory properties of Zhangzhou citation tones by addressing
two issues. (1) What are the eight tones realised with respect to pitch in monosyllabic
settings? (2) How do segmental and suprasegmental parameters interact to make tonal
distinctions?

e Chapter 5 addresses the acoustic properties of Zhangzhou citation tones. It applies the
pairwise t tests and the hierarchical clustering algorithms to determine how many
normalised FO and duration levels are contrastive among Zhangzhou citation tones. It
uses the SplitsTree software to address how Zhangzhou citation tones are related to each
other from the phonological perspective.

Part C includes discussions of Zhangzhou disyllabic tones.

e Chapter 6 describes the auditory properties of Zhangzhou disyllabic tones by exploring
how individual tones interact in disyllabic constructions and how various parameters
contribute to make tonal contrasts. It also introduces the general properties of Zhangzhou
tone sandhi, for example, the dominancy and specification of Zhangzhou tone sandhi
domain.

e Chapter 7 explores the acoustic properties of Zhangzhou phrase-initial tones,
supplemented with statistical testing and articulatory explanation. It examines how the
phrase-initial tones are realised acoustically with respect to multidimensional parameters,
and whether the realiations may be affected by following tones.

e Chapter 8 discusses the acoustic properties of Zhangzhou phrase-final tones,
supplemented with statistical testing and articulatory explanation. It addresses how the
phrase-final tones are realised acoustically in terms of various parameters and examines
whether their realisations may be affected by preceding tones.

Part D addresses the mapping between Zhangzhou citation and disyllabic tones.

e Chapter 9 explains how the disyllabic tones are mapped onto their citation tones, and how
native speakers structure the different mappings in their mental grammars.

Part E (Chapter 10) summarises the findings emerged from the analysis of the data from 21
speakers, and discusses directions for future studies of Zhangzhou tones.
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Chapter 2: Methodologies

This study draws upon interacting multi-methodological approaches—Iinguistic fieldwork;
auditory and acoustic phonetics; and statistical testing—to explore the nature of Zhangzhou tones.
Methodologically, it collects primary data from interactions with native-speaking informants in
the field via a carefully controlled elicitation procedure. It adopts the pitch notation system of
Chao (1930) and IPA to present transparently detailed auditory properties of Zhangzhou tones
and segments. It uses a standardised quantification and normalisation procedure to extract tonally
relevant FO and duration in acoustic signals. It applies the technique of pairwise t-test comparisons
to determine the statistical relation among different normalised FO and duration levels. It also uses
the software of SplitsTree to generate the phylogenetic networks for the mapping of the
relatedness among different categories of tone. It combines articulatory and acoustic phonetics to
explain how the acoustic manifestations of parameters change with respect to the adjustment of
articulatory configurations for different tonal productions.

This chapter largely addresses how the field data were elicited in Zhangzhou, as well as how the
post-field data were auditorily, acoustically, and statistically processed. The research protocol
was reviewed and approved by the Australian National University Human Research Ethics
Committee as proposal 2015/03 prior to the field trip. No problematic ethical issues arose during

the research.

2.1. Pre-data Elicitation

The selection of research area and participants is purposeful and predominantly constrained by
the research design of a given linguistic study (Samarin, 1967; Ladefoged, 1999; Dérnyei, 2007;
Bowern, 2008; Chelliah & de Reuse, 2010). This section primarily describes how the research
area and informants were determined and selected in the field site of Zhangzhou, during April-

May 2015, to address the research questions stated in Chapter 1.

2.1.1. Zhangzhou city

Zhangzhou 7%/, romanised differently as Chiang Chiu or Changchow, is a prefecture-level city
situated in the southern Fujian 4% province of Mainland China. The latitude and longitude
coordinates for Zhangzhou city are 24.5130° N, 117.6471° E. Zhangzhou faces the Taiwan Strait
to its east but borders Fujian cities of Xiamen &[], Quanzhou R/, and Longyan J&5 on its
east, northwest, and west, respectively, while its southwest region borders the Chaozhou /1|

city of Guangzhou /%< province, as indicated in Figure 2-1.
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Figure 2-1. The location of Zhangzhou in China (Dedering, 2010).

Zhangzhou covers an area of approximately 12,600 square kilometers with a registered population
of 5.05 millions in 2016, according to the official Zhangzhou government website
(http://www.zhangzhou.gov.cn/cms/html/zzsrmzf/2017-02-17/1119782440.html). The whole

city currently comprises eleven administrative regions, including two urban districts (Xiangcheng

Z3§ and Longwen %), one county-level city (Longhai /%), and eight counties (Changtai
7%, Hua’an £, Nanjing ®3¥%%, Pinghe “F-All, Yunxiao =, Zhao’an i %, Dongshan #4111,

and Zhangpu 7#%7), as shown in Figure 2-2.

The colloquial language spoken by native Zhangzhou people is predominantly Southern Min
(better known as Hokkien), which is referred to as Zhangzhou in this thesis. Zhangzhou speech is
mutually intelligible with other Southern Min varieties in Fujian (e.g., Xiamen and Quanzhou),
which are collectively considered as the mainstream division of Southern Min (known as Quan-
Zhang division s 7% /7). The speech is also accessible in the local television programming, radio
programming, popular songs, and traditional opera (known as Xiangju ZJi). It has a certain
degree of mutual intelligibility with other Southern Min divisions in Mainland China (e.g.,
Teochew and Leizhou); however, it is completely mutually unintelligible with other Chinese

dialects (e.g., Mandarin, Hakka, Cantonese, Wu, Xiang, and Gan).

Mandarin, as the national language of China, is a compulsory subject in both primary and
secondary schools of Zhangzhou, and is used as a medium of instruction in the university and
public occasions. Hakka is also found but only spoken by a relatively small number of people
living in mountainous areas of western Zhangzhou, for example, Hua’an, Nanjing, Pinghe, and

Zhao’an counties, bordering a major Hakka-speaking city of Longyan.
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As a consequence of geographic advantages and long-standing maritime trade, the speech of
Zhangzhou, together with other varieties of Southern Min (Hokkien), has spread to many regions
in Southeast Asia since the early 12th century and Southern Min has historically served as the
lingua franca among overseas Chinese communities, such as in Taiwan, Singapore, Malaysia,
Indonesia, and many other areas (Ma, 1994). Figure 2-3 shows the distribution of Southern Min
(Hokkien) in present-day Fujian and Taiwan, in which the Zhangzhou variety (Chiang Chiu) are
shown in blue and purple (Liaon98, 2016). Therefore, the local dialect of Zhangzhou must be

clarified when conducting a rigorous linguistic study of Zhangzhou.

Changtai
County

Nanjing
County

ngwen

Longhai
(city)

Zhangpu
County

Yunxiao
County

Zhao'an
County

Dongshan
County

Figure 2-2. The eleven administrative regions in Zhangzhou (Chk2011, 2012).

Paa ¢

W

Hokkien Distribution
M Choan-chiu dialect Taiwanese Hokkien: ‘
[ | Chiang-chiu dialect [ Choan-chiu accent
B Amoy dialect [ ] Chiang-chiu accent
Leng-na dialect Mixture accent

Figure 2-3. The distribution of Southern Min (Hokkien) in Fujian and Taiwan (Liaon98, 2016).
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2.1.2. Research area selection
The research area investigated in this project is the urban districts of Xiangcheng and Longwen
in Zhangzhou city of the Fujian province in Mainland China. Four major reasons are given for

this research area selection.

First, using this area is research design driven. This project primarily investigates what tone, as a
linguistic category, is realised and how tone behaves in multisyllables in the speech of one single
site of Zhangzhou city, rather than conducting a typological or socio-phonetic survey of how tone

in the Zhangzhou variety is realised and interacts within and outside Zhangzhou city.

Second, using this research area helps in minimising effects of regional variation. The present-
day Zhangzhou city administers eleven regions in Fujian; however, regional variation has often
been reported with respect to the sound system (e.g., Ma, 1994; Yang, 2008; Guo, 2014). For
example, Yang (2008, p. 36) summarised pitch realisations across Zhangzhou administrative
regions as shown in Table 2-1.

Table 2-1. Comparisons of tonal pitch realisation in different administrative regions of Zhangzhou

Region Tone 1 Tone2 Tone3d Toned4 Tone5 Tone6 Tone7
Xiangcheng 34 13 53 21 22 32 121
Longwen 34 13 53 21 22 32 121
Longhai 34 13 53 21 22 32 4
Zhangpu 44 312 53 22 33 32 121
Yunxiao 44 21 53 22 33 42 121
Dongshan 44 213 51 22 33 32 13
Zhao’an 44 312 53 21 33 32 13
Hua’an 44 213 453 21 33 32 131
Changtai 44 214 53 21 31 32 33
Pinghe 34 212 53 21 22 42 121
Nanjing 34 212 53 21 33 22 121

As Table 2-1 indicates, regionally-correlated differences vary to some degree in pitch values, but
Xiangcheng and Longwen present consistently-similar pitch for each tone. Therefore, recognising

the regional variation is important before the area for data collection is confirmed.

Third, this research area allows the present research results to align with previous studies. Most
studies of Zhangzhou since the 19th century have been based on the language data of the urban
districts, predominantly Xiangcheng (e.g., Dong, 1959; Lin, 1992; Ma, 1994; FCCEC, 1998;
ZCCEC, 1999; Gao, 1999; Zhou, 2006; Chen, 2007; Yang, 2008; Guo, 2014). Maintaining
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consistency with previous research concerning the research area is important to improve
understanding of Zhangzhou and to make this study comparable with published work, both

synchronically and diachronically.

The fourth reason for selecting this research area is self-motivation. | was born and reared in the
Longwen district of Zhangzhou. My personal interest and motivation lie in investigating my
mother tongue. Also, it is convenient for me to recruit qualified informants and collect data of

high quality for further processing and analysis.

In light of these four factors, the research area was narrowed to the urban districts of Xiangcheng
and Longwen of Zhangzhou. Nevertheless, as reported by my informants and also in the literature
(Yang, 2008; Guo, 2014), some towns have slight differences in both accent and vocabulary from
the mainstream, for example, Tianbao K=, Punan J# 4, and Shiting 475 in Xiangcheng, and
the villages near Yundong Mountain = il % and Jiangdong Bridge YT 5 #r in Longwen.
Therefore, the research area was further restricted to the most inner urban communities, including
Buwen &3, Lantian # [, Xiangkou #5/7, and Xigiao P54, and excluding the problematic

places mentioned previously.

2.1.3. Research participant selection

Not every speaker is suitable to be a language informant (Samarin, 1967, p. 25). It is important to
select those informants who are reasonably representative of the speech community being studied
and who are thoroughly experienced in using their mother tongue (Samarin, 1967, p. 25). This
subsection discusses three issues concerning the participants for the data elicitation in Zhangzhou:
(1) How are informants selected? (2) How are informants recruited? (3) How many speakers are

needed?

2.1.3.1 How are informants selected?

A set of criteria was developed on the basis of suggestions by some linguists (Samarin, 1967;
Ladefoged, 1999; Chelliah & de Reuse, 2010; Rasinger, 2013) for the informant selection in the
field site for this study. These criteria range from a speaker’s intellectual curiosity to his or her

physical condition.

(1) Intellectual curiosity. Speakers should exhibit a positive attitude towards their native
language and be enthusiastic about participating in the data collection. They should
be confident of their utterances and should be able to talk freely and naturally on a
wide range of subjects relevant to Zhangzhou culture.

(2) Physical condition. Because this is phonetic fieldwork, speakers are required to have
all their own teeth and good hearing. They should not have speech impediments, such
as a lisp or a stutter. Their receptors (eyes, ears, and brain) and effectors (brain, tongue,
and mouth) should all operate normally and healthily (Chelliah & de Reuse, 2010).

(3) Linguistic environment. Zhangzhou is a bilingual city in which Southern Min is
predominantly used as a vernacular dialect and Mandarin is used in official situations.
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Informants must have been raised and must currently live in the inner city of
Zhangzhou. Further, their parents and spouses are preferred to be native speakers.
This criterion ensures informants have spoken this dialect since their childhood and
use it in their daily lives so that the elicited data are thoroughly representative of
Zhangzhou.

(4) Age. Speakers should be middle-aged. A young age is excluded because Mandarin
seems more prestigious than Zhangzhou to younger generations, and they tend to have
incomplete knowledge of Zhangzhou speech. Speakers of an advanced age, on the
other hand, are more likely to have some physical defects, such as deafness, poor
healthy, lenis articulation, insufficient teeth, and other problems.

(5) Education. Speakers must be literate and must have received secondary education or
above. This criterion ensures they are able to recognise and read the corpus in Chinese
characters and are able to provide extended responses and explanations in Mandarin
in case they have difficulty expressing themselves in Zhangzhou.

2.1.3.2 How are informants recruited?

The recruitment of informants was accomplished with recommendations from the local
community and my parents. Before the recording was officially conducted, potential informants
were invited to my home or to the park for a relaxing and friendly gathering. This event proved
to be a positive and inspiring interaction between the potential informants and myself as the

investigator.

(1) The local community learned about this field trip, and most of them showed positive
interest and curiosity in the data collection. They contributed a wealth of input to the
design of the corpus and expressed pride in their contributions to documenting their
own culture and language.

(2) Ihad the chance to meet different people and evaluated their strengths with respect to
whether they would be good informants for the acoustic experimental purpose or
purely for the vocabulary documentation purpose.

(3) 1 was given the chance to hear the language from different speakers and reduced the
chances of biasing the description of the language towards the idiolect of a single
speaker with whom | had been working before this field trip.

With the assistance of my parents and the local community, | had access to nearly 50 people, but
only slightly more than half of them were recorded: 21 for the controlled corpus and 6 for the
vocabulary documentation. Some people did not participate in the recording largely because they
did not meet the selection criteria or because of other reasons, for example, catching a cold before

the day of recording.

2.1.3.3 How many speakers are needed?

Another important issue with respect to the informant selection is how many speakers are needed
for a quantitative phonetic study to achieve an accurate representation of a particular variety of
speech. This question does not seem to have received much attention in the literature. For

example, in his book Phonetic Data Analysis, Ladefoged (2003, p. 14) wrote:

Ideally you want about half a dozen speakers of each sex. . . . If you can eventually find 12
or even twenty members of each sex, so much the better.
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It is a little difficult to see how, if half a dozen speakers is ideal, then more speakers are better.
This is perhaps why Ladefoged’s figures were later quoted in the Handbook of Descriptive
Linguistic Fieldwork (Chelliah & de Reuse, 2010, p. 254): «. . . from 24 to 40 speakers”. An ideal
database of 30 speakers was recommended by Zhu (2004) from a statistical perspective, perhaps
because 30 is about the number where a t distribution becomes normal. Huang et al. (2016) used
a preliminary Monte Carlo investigation of how the normalisation index changes with the number

of speakers used to normalise.

This study was originally intended to recruit 16 speakers, selecting 12 of them with the best sound
quality for the quantitative analysis. This number satisfied the ideal number of 12 proposed by
Ladefoged (1999). Nevertheless, with the assistance of the local community, nearly 50 people
came for the pre-recording interviews, and 27 speakers were ultimately recorded. Twenty-one
speakers, including 9 males and 12 females, took part in the recording of the controlled stimuli
for the phonetic experiments. Another group of 6 speakers, including 4 males and 2 females,
participated in the local vocabulary documentation of 1366 lexical items. All speakers met the
selection criteria and were enthusiastic about contributing to the data collection. The average age
of male speakers was 56.6 and that of female speakers was 50.

The demographic information of all speakers appears in Tables 2-2 and 2-3, with seven
independent variables concerning their sociocultural backgrounds: (1) sex, (2) age, (3) current

residence, (4) birthplace, (5) education, (6) occupation, and (7) other language acquisition.

2.2. Data Elicitation

Data elicitation essentially reflects an intimate human relationship established between
participants and the investigator (Samarin, 1967) and is predominantly constrained by the purpose
of the research project and the techniques of the data collection and processing. The elicitation
will be successful if it is properly planned, involving an appropriate corpus design and selection
of elicitation equipment and environment, as well as a careful control of the elicitation procedure.
This section describes how the procedure of elicitation was conducted in the field site of

Zhangzhou.
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Table 2-2. The personal profile of 21 speakers for controlled-data collection

Current Other

No. Name Sex Age residence Birthplace  Education Occupation language
1 LRZ F 62 Longwen Longwen Secondary Government Mandarin
2 LYY M 68  Xiangcheng Longwen B.A. Education ~ Mandarin
3 LMY M 44 Longwen Xiangcheng College Business Mandarin
4 YML F 62  Xiangcheng Xiangcheng Secondary Education  Mandarin
5 CSM F 51 Longwen Longwen Secondary Business Mandarin
6 YBR M 53  Xiangcheng Longwen B.A. Government Mandarin
7 HZB M 42 Longwen Longwen Secondary Government Mandarin
8 WYF M 59 Longwen Longwen College Company Mandarin
9 HTL M 56  Xiangcheng Xiangcheng Secondary Company Mandarin
10 HYS M 57  Longwen Longwen College Business Mandarin
11 WJG M 56  Xiangcheng Xiangcheng College Education ~ Mandarin
12 HHX F 37 Longwen Longwen College Education ~ Mandarin
13 HMC M 49 Longwen Longwen Secondary Company Mandarin
14 LRX F 55  Xiangcheng Xiangcheng Secondary Company Mandarin
15 ZBQ F 40  Longwen Nanjing Secondary Government Mandarin
16 HH F 40 Longwen Longwen Secondary Business Mandarin
17 LzZP F 58 Longwen Longwen Secondary Education ~ Mandarin
18 LCH F 53  Xiangcheng Longwen Secondary Business Mandarin
19 HQM F 36 Longwen Longwen College Business Mandarin
20 HYH F 34 Longwen Longwen B.A. Education ~ Mandarin
21 HSX F 56 Longwen Longwen Secondary Education ~ Mandarin
Table 2-3. The personal profile of six speakers for local vocabulary documentation

No. Name Sex Age ?eléircrjeewce Birthplace  Education Occupation Icgltnhgeurage
1 HRH M 67  Longwen Longwen Secondary Business Mandarin
2 HMC M 49  Longwen Longwen Secondary Company  Mandarin
3 LYY M 68  Xiangcheng Longwen B.A. Education  Mandarin
4 YHR M 68  Longwen Longwen Secondary Education  Mandarin
5 YML F 62  Xiangcheng Xiangcheng Secondary Education  Mandarin
6 LZP F 58  Longwen Longwen Secondary Education  Mandarin
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2.2.1. Corpus design

The preparation of a good data corpus is the key to linguistic phonetic fieldwork (Ladefoged,
1999). A good corpus is a body of data within which patterns, systems, or generalisations can be
discovered, resulting in hypotheses proposed by induction (Samarin, 1967). In this study, two

separate corpora resulted from the data collection: a controlled one and a general one.

(1) For the acoustic investigation, a controlled corpus was carefully designed under the
collaboration between the local community and myself as a native-speaking linguist
candidate. This controlled corpus incorporated two sets of word lists: one for
investigating Zhangzhou citation tones and the other for investigating the
multisyllabic tones. A supplementary word list was also designed for the segmental
investigation. The principle of the controlled corpus design is described in the rest of
this sub-section.

(2) For vocabulary documentation, a word list of 1366 words, categorised according to
different semantic domains, was prepared; however, this corpus was not used for
experimental phonetic purposes in this thesis. The list can be referred to in Appendix
C (attached USB).

2.2.1.1. A word list for citation tone elicitation

The preliminary investigation identified seven monosyllabic citation tones in Zhangzhou (see
Huang et al., 2016). In the word list for citation tone elicitation, there were usually 20 tokens for
each tone, resulting in approximately 160 tokens to be recorded by 21 speakers in the field and to
be processed acoustically and statistically in the lab. However, with the progress of the research
in the post-field stage, eight tones rather than seven were posited in this study (see Chapter 4).
This word list of 160 tokens was, thus, effectively shared by eight tones, with some tones (e.g.,
tones 7 and 8) having less than 20 tokens to be processed. While it appears impractical to return
back to the field site and collect an equal number of tokens for tones 7 and 8 from the same
speakers, the existing corpus from 21 speakers can to a large degree compensate the shortage and

ensure the derived results represent Zhangzhou variety as a whole.

The word list included as many minimal or sub-minimal pairs as phonotactics allowed. Tokens
were chosen across different syllable types and contained comparable numbers of syllable onsets
with different manners and places of articulation as well as vowels of different height and
backness, which maximally balanced the intrinsic perturbation effects on the realisation of tonal
FO from tautosyllabic segments. Table 2-4 shows examples from this word list, but more examples

for each tone appear in Table Al in Appendix A.

2.2.1.2. A word list for disyllabic tone elicitation

Based on the preliminary assumption of seven tones in Zhangzhou, logically, there would be 49
(=7 * 7) disyllabic combinations. Twelve examples were thus selected for each combination, and
588 (= 12 * 49) tokens made up the word list to be elicited in the field. As stated above, eight
tones rather than seven were ascertained in this thesis; therefore, these 588 tokens were effectively

spread across 64 (= 8 * 8) tonal combinations, leading some combinations to have no tokens or
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less than 12 tokens for processing on the basis of this word list. Nevertheless, additional tokens
were chosen from the supplemented word list, as introduced below, to make sure every

combination had tokens to be processed auditorily, acoustically, and statistically.

The tokens for disyllabic tone elicitation were also designed under the principle of maximally
balancing the tautosyllabic segments’ intrinsic perturbation on the tonal FO realisation. Another
special consideration with respect to this corpus design was that the selected constructions largely
contained one morpheme having a tone that can both precede and follow any tone in the inventory.
For example, in Table 2-5, these disyllabic phrases all contain one common morpheme (/6&3/
‘horse”) that can precede (A) and follow (B) any of the eight citation tones. Designing in this way
can largely enable investigation of how the tone of a given morpheme is realised across different
contexts and how surrounding tones influence its realisation. Additionally, the tokens are all
disyllabic phrases, mainly incorporating noun phrases, verb phrases, adverbial phrases, and
adjective phrases, which are commonly used in the daily life of the local community rather than
being arbitrarily created for experimental purposes. All examples for disyllabic tone elicitation
appear in Appendix A (Table A2), which has been reorganised in accordance to the tonal pattern.

Table 2-4. Examples of monosyllabic tokens for citation tone elicitation

Tone Example 1 Example 2 Example 3 Example 4
1 /si/ ‘poetry’ /ka/ ‘mushroom’  /ten/ ‘east’ /?1/ ‘helshe’
2 [si/ ‘time’ /ko/ ‘glue’ /ten)/ ‘copper’ /?i/ ‘move’
3 [sif ‘die’ /ko/ ‘drum’ /ten/ ‘wait’ /?i/ ‘chair’
4 [si/ “four’ /ko/ ‘look after’  /ten/ “chilly’ /?1/ ‘intenson’
5  /si/ ‘affirmative’  /ho/ ‘rain’ /ten/ ‘heavy’ /?1/ ‘play’
6  /sik/ ‘colour’ /kok/ ‘country’ /tek/ ‘kick’ /?it/ ‘one’
7 [sit/ ‘solid’ /tok/ ‘poison’ /tet/ ‘stimulating (food)’ /?ik/ ‘bathe’
8  [tsi/ ‘tongue’ /k3/ ‘snore’ /te/ ‘step on’ [zil “press’

Table 2-5. Examples of disyllabic tokens for disyllabic tone elicitation

Pattern A Example Pattern B Example
3+1 /6e.ke/ ‘horse feet’ 143 /?5.6¢/ “black horse’
3+2 /be.te/ ‘horse hoof’ 2+3 /ten).be/ ‘copper horse’
3+3 /be.sej/ ‘horse shit’ 3+3 /pe.bel ‘precious horse, BMW’
3+4 /be.tstwi/ ‘horse mouth’ 4+3 /tsjen.be/ ‘battle horse’
3+5 /be.pa/ ‘horse stance’ 5+3 /ts"i.be/ ‘to feed horse’
3+6 /6e.kut/ ‘horse bone’ 6+3 /pet.be/ ‘Eight Horse’
3+7 /be.sut/ “horsemanship’ 7+3 /pet.be/ ‘to bind horse’
3+8 /be.tsi/ ‘horse tongue’ 8+3 /pe.be/ ‘white horse’
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2.2.1.3. A supplemented word list for multisyllabic tone elicitation

In addition to the two well-controlled word lists for citation and disyllabic tone elicitation, a
supplementary word list was also prepared to further illustrate segmental contrasts and their
allophonic distributions, as well as some multisyllabic data showing specific sandhi patterns from
the mainstream. These word lists ensured obtaining sufficient language data for the descriptive
and explanatory study of the sound system of Zhangzhou. Examples will be shown in relevant

sections in this thesis.

2.2.2. Recording

Because this study is predominantly phonetic, acoustic in particular, it is important to regard the
way that data were elicited, including the selection of appropriate recording environment and
equipment, as well as control of the recording procedure.

2.2.2.1. Recording place

Physical environment is important in the recording of speech sound for phonetic analysis
(Samarin, 1967; Ladefoged, 1999). Having the very supportive assistance of the local community,
especially my parents and relatives, | was able to investigate several places for recording,
including broadcasting and meteorological stations. Unfortunately, most of these places were not
acoustically desirable for a variety of reasons, for example, external noise from upper floors
and/or from surrounding building construction, dominant echoes and/or noisy machines inside
the rooms, or time conflict between my recording schedule, the availability of informants, and the

working time provided by the stations.
In the end, the Zhangzhou Hotel was selected as the recording place for several reasons.

(1) This hotel is surrounded by tall, leafy trees that, to a large extent, dampen external
noise from vehicles and building construction.

(2) The recording room was in a very quiet corner and was acoustically absorbent. The
carpet and the sound-proof windows and door largely minimised background noise
and echo inside the room.

(3) This hotel is located in the innermost part of the city, making it convenient for my
informants. The comfortable environment made them feel relaxed and happy to
provide their utterances in their best voice, even though most of them had never been
recorded in phonetic fieldwork before. The excellent psychological and voice status
of informants largely guaranteed the language data quality for processing and
analysis.

(4) 1 was able to manage the recording schedule flexibly within the pre-arranged period
of field work without worrying about the constraints of the working place or the time
needed to balance in the official recording stations.

(5) | was able to focus entirely on data recording without being interrupted, which is
normally an issue for an investigator doing research in his or her hometown.

35



2.2.2.2. Recording equipment

Even if the corpus for data elicitation is carefully designed, the informants are well selected, and
the recording environment is excellently sound-proof, the recordings will be bad if the recording
equipment has a low quality (Samarin, 1967; Ladefoged, 1999; Bowern, 2008). Several
microphones, kindly provided by the local broadcasting stations and universities, were tested and
compared, but not every recorder could produce satisfactory auditory and acoustic results. One
professional but expensive cardioid condenser microphone, Blue Baby Bottle SL, provided by

Huagiao University, was adopted for the recording.

This recorder features a new switchable 100Hz high-pass filter and -20 dB response, which can
accurately capture the the human voice, regardless of vocal type, instruments, or environments.
It also features a single-membrane large-diaphragm capsule mounted in a “lollipop” style
enclosure for enhanced sensitivity. Its cardioid polar pattern is effective in minimising noise and

ambiance at the off-axis sections of the capsule.

Another important aspect concerning the value of this microphone is that it worked comparably
well with my MacBook Air computer and the sound recorder in Praat, version 5.3. The sounds
recorded and reproduced via this microphone had very high quality with clear waveforms and
spectrograms shown in Praat. During the recording, this microphone was placed about 8 inches
from the speaker’s mouth and about 4-6 inches down, as suggested by Samarin (1967, p.100), to

avoid recording strong aspirations such as puffs or pops.

2.2.2.3. Recording procedure

As Samarin (1967, p.99) stated, “The highest quality of recording equipment is no substitute for
poor recording procedure. Any one of a number of details can ruin what could have been an
extremely good and valuable recording”. The recording procedure of this phonetic fieldwork was

also very carefully scheduled in terms of the time management and corpus presentation.

2.2.2.3.1 Time management

Each informant was assigned an individual time slot of 4 hours according to their availability.
The time included 0.5 hour’s demonstration and 3.5 hours’ recording. The demonstration time
was designed for informants to see how their predecessors were recorded. It helped familiarise
the informants with the recording procedure and helped them understand the mechanisms of the
work session, enhancing their confidence and reducing their nervousness about being recorded.
In addition, the informants were able to look at the word list to get an overall impression of what

were being elicited.

The 3.5-hour recording session was broken into three formal elicitation sessions (3*1 hours) and
one interaction session (0.5 hour). Each formal session of about one hour involved four small

tasks:
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e Reading monosyllabic tokens for citation tone elicitation,
e Reading disyllabic tokens for tone sandhi elicitation,
e Reading multi-disyllabic tokens for specific tone sandhi investigation,

e Reading supplementary tokens of local cultural relevance, for example, place names,
numbers, food, and so on.

Breaks of about 5 minutes were taken between tasks. During the breaks, speakers could rest their
voices and have water, dessert, or fruit to recover their energy, and I could save individual sound
files. Normally, speakers might provide feedback about their recording experiences and correct
items not properly produced. The three sessions actually involved the same tasks and elicited the
same data sets but had differences in the ordering of tokens to control for variation in voice
volume and intensity that frequently occurs when reading the same tokens in three times in

sequence.

The 0.5-hour interaction session was used to elicit informants’ personal information, including
date of birth, birth place, current residence, language acquisition, education, and occupation (see
Tables 2-2 and 2-3). If time allowed, informants were encouraged to read a short narrative, tell a
local story, or produce other utterances that they were interested in and wanted to share.

2.2.2.3.2  Corpus presentation
Tokens to be elicited were all written in simplified Chinese characters and presented via
Powerpoint, with one slide for one token, rather than using a typed list. Presenting corpus in

Powerpoint offered several advantages.

e Itensured each token individually shown on the slide would be produced in a clear and
unexaggerated voice, with balanced and well-controlled intensity and speech rate. On
the contrary, using a typed list might cause speakers to articulate tokens with a higher
FO and amplitude at the beginning but with a lower or reduced FO and amplitude at the
end.

e It could minimise possible sandhi and intonation effect on the tokens being elicited.
Using a typed list, on the other hand, might induce some speakers to read tokens in a
quick succession, which often contains unnecessary sandhi and intonation information.

e |t also controlled speakers’ emotional state and motivated them to produce utterances
in a natural and coherent state throughout the elicitation process.

All recordings were digitised at a sampling frequency of 44100 Hz in Praat, which is reported to
be fast enough to capture the highest sinusoidal frequencies detectable by the human ear
(Huckvale, 2012, p. 195). Each created sound file was then saved and named with a corresponding
code for further data processing and analysis. The sound files for each individual speaker can be
referred to in the Appendix C (attached USB).

This field trip proved to be very productive and enjoyable. Twenty-one speakers were recorded

for experimental purposes and another six speakers for vocabulary documentation.
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2.3. Auditory Data Processing

The processing of language data obtained from the field site largely involved three stages in this
study: auditory processing, acoustic processing, and statistical testing. The auditory processing
transformed the audio data into a graphic record with detailed phonetic information. The acoustic
processing quantified the observations of speech production, and visualised the patterns in an
objective way. The statistical testing process revealed the internal relation between variables of
tonal parameters to assess whether the observed differences were attributed to the inherent
variability or other factors, such as the influence of adjacent sounds or position effect. The three
processes were closely related to each other and benefited from each other to produce a scientific,
objective, measurable, and testable description and explanation of the nature of Zhangzhou tones.

An auditory description of speech sounds is important in phonetic and phonological studies. As
Rose stated (2014, p. 101) “prior to phonological analysis and acoustic quantification, an auditory
transcription was needed to represent the range of allophonic variation accurately and sufficiently
and to signify the contrasting distinctions among speech sounds.” In this thesis, Chapters 3, 4, and
6 focus on auditory descriptions of Zhangzhou segments, citation tones, and disyllabic tones,
respectively. These chapters are intended to provide an overall segmental and tonal pattern of
Zhangzhou with sufficient phonetic information to assess their distribution, phonemic status, and
the interaction between segments and suprasegments. They also serve as a framework for
subsequent acoustic quantification and statistical testing, and provide an impressionistic basis for

theoretical considerations.

In this study, segments were all transcribed using IPA 2005 symbols. Diacritics were
superimposed to encode sophisticated phonetic details, such as change in voice quality (e.g.,
breathy and creaky voice) or secondary articulation as a consequence of phonological processes

(e.g., nasalisation and palatalisation).

The primary auditory correlate of tone—pitch—was transcribed using the five-level pitch
notation system of Chao (1930), the most commonly used and preferred system in Asian tonal
studies. This numerical system simply divides a speaker’s pitch range into four equal parts and
labels the five boundaries with the integers 1 through 5 to represent low, mid-low, medium, mid-
high, and high pitch, respectively. For example, level tones are represented by two instances of
the same number (e.g., [33] or [55]), and rising and falling tones are represented by increasing
and decreasing numbers (e.g., [25] or [51]). When required, a third number is included to denote
the turning point of a more complex shape. For example, the dipping tone in Mandarin is
transcribed as [214].

This five-level approach has been claimed, on theoretical and typological grounds, to be sufficient
to characterise tonal contrasts in the world’s tonal languages, especially in Asia (Wang, 1967,

Yip, 2002), because the maximum number of tonal pitch level contrasts is cross-linguistically
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claimed to be five (Wang, 1967). Nevertheless, the accuracy and sufficiency of this model has
been questioned by a considerable number of scholars, especially in recent decades (Anderson,
1978; Wedekind, 1983; Maddieson, 1990; Duanmu, 2000; Steed, 2011; Zhu, 2012; Paterson,
2015; Rose, 2014, 2016).

For example, Rose (2014) took a likelihood-based quantitative evaluation approach to Chao’s
model using the data from two Chinese dialects—Wencheng Wu and Cantonese. The statistical
result revealed Chao’s five-point scale “is probably not an accurate reflection of the distribution
of tonal pitch targets” (p. 110). As indicated in Figure 2-4, the pitch offset for the low falling tone

is considerably lower than the lowest pitch level specified with tone 1 in Chao’s system.

With respect to the problem of the insufficiency of Chao’s model to characterise pitch realisation,
scholars (Anderson, 1978; Zhu, 2012; Paterson Ill, 2015; Rose, 2014; 2016) have proposed
different solutions, but they have not yet achieved general concensus. For example, Zhu (2012)
proposed a new tonal model with the number 6 denoting the pitch value associated with falsetto
voice in the high register, as found in Yueyang of the Xiang dialect in China. Paterson (2015)
suggested the bar notation as a solution for phonetic pitch transcription without bias concerning
phonological claims. Anderson (1978) and Rose (2016) suggested using up-step or down-step
arrow to express tonal pitch height beyond Chao’s five levels.

N

high level
— [4]

= 2 (31
< \ /
[21
Nt
_ | = \ low level (1]
I low-to-mid rise

T T T T T

T T
0 20 40 60 80 100 120

Figure 4: Z-score normalisation of perceptually
transformed tonal FO for 10 Cantonese speakers. Stars
indicate location of tonal pitch targets. X-axis =
normalized duration (%), y-axis = standard deviations
around mean. Dotted lines = semitones, solid lines =
Chao pitch levels.

Figure 2-4. Example of the inadequacy of Chao’s pitch notation system (Rose, 2014, p. 104).

This study is focused on maximally reflecting and respecting the phonetic reality of tonal
realisations from both the auditory and acoustic perspectives. Chao’s pitch notation system is used

to describe the auditory property of tonal pitch but is revised by adding additional tone number to
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denote those pitches that go beyond the pitch range of five levels. For example, the entire pitch
range is discovered being shifted up for the tones in the phrase-initial environment where a hew
form with an extra pitch level and extra short length also emerges, thus, a pitch range of 2-6 is

adopted for those phrase-initial tones (see Chapters 6 and 7).

2.4. Acoustic Data Processing

Phoneticians have a long tradition of quantifying the observations of production and perception,
on the basis of which the hypothesis testing and regression techniques have been extensively used
(Rasinger, 2013; Rose, 2016). An important portion of this thesis is devoted to quantifying two
main acoustic correlates of tone—F0 and duration—to discover patterns in normalised data, and
using pairwise t-test comparisons to determine the statistical relation among different normalised
FO and duration levels. This section describes how the procedure of acoustic processing was used
in this study, involving acoustic measurement, acoustic normalisation, and normalisation

assessment.

2.4.1. Acoustic measurement

The measurement of tonally relevant information—F0 and duration—in digital signals was
conducted in Praat, version.5.3. Praat is a free phonetic software for analysing, synthesising, and
manipulating speech and other sounds in a single integrated computer program, and allows one
to perform acoustic analysis by inspecting visualised signals, such as the waveform, spectrogram,

formant tracks, FO curve, intensity curve, and spectrum (Boersma, 2001; Styler, 2013).

Three important aspects were taken into consideration while using Praat for measuring. (1) How
is the tonally relevant duration in acoustic signals determined? (2) How should the FO contours
showing undesirably discontiguous trajectory from the perturbation effect of non-modal
phonation be handled? (3) How is the tonally relevant information—FO0 and duration—extracted

from digital signals for further analysis?

2.4.1.1. Determining the tonally relevant duration

In alignment with most acoustic studies of Sinitic tones (e.g., Rose, 2008, 2014, 2016, 2016;
Steed, 2011; Huang et al., 2016), the tonally relevant FO duration was considered the rhyme
portion of each monosyllable, which, in this study, included compulsory nucleus, optional pre-
vocalic glide and/or postvocalic coda. The syllable onsets are generally not regarded as tone-

bearing segments; while this is a theoretical possibility, it is not pursued further here.

The judgment of FO contour onset and offset was made according to the acoustic manifestations
of air pressure fluctuations in the waveform, for example, periodicity and amplitude, and of
individual syllable components in the broad-band spectrogram, for example, VOT, formant
pattern, and FO curve. The onset of the FO contour was generally set at the second strong glottal

pulse where the amplitude of air pressure fluctuation began to increase, and periodicity of speech
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wave vibration tended to be regular in the waveform. Correspondingly, the formant patterns in
the spectrogram appeared clearly stable and identifiable. Nevertheless, the third glottal pulse was
often adopted, especially when the FO contour was seriously perturbed by aspirated syllable

onsets.

The offset of the FO contour, on the other hand, was set at the point where the amplitude in the
waveform decreased quickly, the waveform was strongly damped, and the periodicity was
becoming irregular. Further, formant patterns for vocalic sounds tended to be blurred and were

no longer visible and identifiable in the spectrogram.

The determination of the tonally relevant duration is shown in Figure 2-5, a monosyllabic
example, and in Figure 2-6, a disyllabic example. In both figures, each syllable is segmented into
syllable onset and tonally-relevant duration.

Figure 2-5. Praat labelled monosyllabic example /kel/ ‘home’ (WYF, male).

Onset FO duration Onset FO duration

v ! : |

/kel.kwil/ 'family rule’

Figure 2-6. Praat labelled disyllabic example /kel.kwil/ ‘family rule’ (WYF, male).
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2.4.1.2. Dealing with discontiguous FO trajectories caused by non-modal phonation

The FO contour is often perturbed by the articulation of tautosyllabic segments and the physical
differences in individual vocal tracts. For example, it is very common to see an undesirable and
unreasonable FO trajectory presented in the spectrogram in Praat when the related sound is
produced with a non-modal phonation, especially a creaky voice. As illustrated in Figure 2-7, the
FO contour in blue presents a discontiguous and jumping property since the related morpheme

‘seven’ in Zhangzhou is produced with a creaky voice.

Figure 2-7. Praat example of unreasonable FO trajectory of /tstit6/ ‘seven’ (WYF, male).

This discontiguous and variable property of the FO trajectory often causes the FO extraction
algorithm to fail to operate and extract the related acoustic values. In dealing with an FO contour
of this kind, a manual modification was generally used to pull the problematic period back onto
the right track in the Pitch window in Praat (Boersma, 2001; Styler, 2013), as indicated in the
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Figure 2-8. Praat example of dealing with unreasonable FO trajectory of /tstit6/ ‘seven’ in the Pitch window
(WYF, male).
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The red contour in the left panel in Figure 2-8 is essentially a copy of the FO contour in blue in
Figure 2-7, both of which show discontiguous trajectories. The FO contour in the right panel in
Figure 2-8 is the modified result of the contour on the left, in which problematic points in the
higher frequency area were largely realigned onto the path of red disks supposed to be the

reasonable representation of the FO curve of this token.

In this study, most of the discontiguous FO trajectories were manually modified in this way. After
the modification, a reasonably accurate FO curve could be displayed, measured and extracted for
further processing and analysis. Nevertheless, a very small number of problematic points may be
retained even after adjusting the FO tracking in the Pitch window. As shown in the right panel in
Figure 2-8, one red disk still jumps off the main trajectory. In this case, the value from a nearby
sampling point was selected in this study. Thus, constrained by the potential technical problems
with Praat, it appears important to make use of a relatively large corpus for an acoustic study. The
data from the 21 speakers in this study should be sufficient to derive a result that is representative
of this language.

2.4.1.3. Extracting tonal FO duration from the acoustic signal

Once the tonal durations of all syllables in target tokens were determined and labelled and the
problematic FO trajectories were modified to reflect a true representation, an FO extraction script,
designed by Prof. Phil Rose and revised by me, was run on the selected tonal duration to extract
both FO and duration values automatically at 10 equidistant sampling points. Having 10 sampling
points largely ensured sufficient phonetic details of the selected portion were captured for acoustic

analysis and statistical testing.

All the extracted FO and duration values were first saved in Excel spreadsheets and then
transferred to text files for further plotting and processing in R. Generally, 160 tokens were used
for the quantitative analysis of citation tones, resulting in 33600 FO values (= 160 tokens * 21
speakers * 10 sampling points) and 3360 duration values (= 160 tokens * 21 speakers) being
extracted. In addition, about 598 disyllabic tokens with 1196 syllables were extracted from each
speaker. Thus, 251,160 FO values (= 1196 syllables * 21 speakers * 10 sampling points) and
25,116 duration values (= 1196 syllables * 21 speakers) were used for the quantitative and

statistical analysis of disyllabic tones in this study.

2.4.2. Acoustic normalisation

The acoustic signals are highly variable because they carry not only the linguistic structures of
the utterances but also a wealth of extralinguistic information, including a speaker’s sociocultural
background, pragmatic intent, attitude and emotional status, and vocal tract anatomy and
physiology of individual speakers (Anderson, 1978; Ladefoged, 1999; Harrington, 2010; Rose,
1986, 2000, 2016; Foulkes et al., 2013; Huang et al., 2016). For example, the anatomical and

physiological differences in individual vocal tract structures can generate dynamic acoustic
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outputs for phonologically identical utterances, and it is common to see female speakers having

higher FO values than males because of their shorter and less massive vocal cords.

The acoustic variability resulting from the entwined linguistic and extralinguistic information
makes it necessary to abstract the variable indexical content from invariable linguistic content in
speech signals (Rose, 1986, 1996, Huang et al., 2016). The process of normalisation is designed
to accomplish this goal and to derive a linguistic phonetic representation of the variety in question,
making this variety comparable to other languages/varieties with respect to language-internal
properties (Anderson, 1978; Rose, 1986, 1996, 2000, 2016; Ladefoged, 1999; Huang et al., 2016).

2.4.2.1. FO normalisation

Several normalisation strategies have been proposed and compared for achieving an effective
reduction in the between-speaker variation in tonal FO (e.g., Earle, 1975; Shi, 1986; Shi et al.,
2010; Rose, 1986, 1987, 1993, 2016; Zhu, 2004). For example, Earle (1975) proposed a z-score
normalisation of the tones of standard Vietnamese. Shi (1986) proposed a t-value transform
approach for a corpus with single speaker of Chinese languages, and Shi et al. (2010) suggested
a revised t-value normalisation for a large corpus with multiple speakers. Zhu (2004) compared
six different normalisation transforms while Rose (2016) conducted a comparative-quantitative
study to judge the efficiency of seven normalisation strategies using the citation FO data in four
Chinese dialects.

Among different approaches, the z-score normalisation has been demonstrated superior to other
strategies (Rose 1987, 1993, 2016), and it has been widely adopted in tonal studies (e.g., Steed,
2011; Shen & Rose, 2016; Huang et al, 2016). This study also used the z-score normalisation
approach to reduce the individual-dependent variance of 21 speakers. The z-score normalised FO

value Z; is calculated using the following formula (Huang et al., 2016):

Zi = (Xi-m)/s.
In this formula, normalisation parameters m and s, separately, stand for raw mean FO value and
the standard deviation estimated from all sampling FO values over all tokens of all tones from a
given speaker under consideration. X; is an observed FO value at a given sampling point while Z;
is its corresponding normalised value derived as the distance from the mean FO value,
corresponding to speakers’ neutral pitch. Therefore, the normalised FO contour is expressed in the
unit of standard deviation. Assuming the variables are distributed normally, nearly 95% of the
normalised FO values are supposed to be distributed between -2 and +2 standard deviations away
from the mean value. In this study, each raw FO value of individual speakers extracted from Praat
was transformed into its corresponding normalised value, forming a new dataset to be further

plotted and statistical tested with respect to specific research tasks, including
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e \What are individual citation tones realised in terms of z-score normalised FO from 21
speakers? (Chapter 5)

e What are individual phrase-initial tones realised across their following tones in terms
of z-score normalised FO from 21 speakers? (Chapter 7)

e What are individual phrase-final tones realised across their preceding tones in terms of
z-score normalised FO from 21 speakers? (Chapter 8)
2.4.2.2 Duration normalisation
To retain the linguistic information of the absolute tonal duration, raw duration values are

normalised using the following formula (Huang et al., 2016):

Dnorm = (D/Dmean) *100.

In this formula, the normalisation parameter Dmean represents the mean raw duration estimated
from the average duration of all tokens over all tones from a given speaker being investigated. D
is the duration observed for a given tone while its corresponding normalised value Dnom iS
expressed as a percentage of a speaker’s average duration values over all their tonal production.
For example, if a duration is calculated over 100%, it means the tone under consideration has a
longer duration than the average. Similarly, each extracted raw duration value of individual
speakers was also transformed into its corresponding normalised value, forming a new dataset to

be further plotted and statistical tested with respect to specific research issues, including

e What are individual citation tones realised in terms of normalised duration from 21
speakers? (Chapter 5)

e What are individual phrase-initial tones realised across their following tones in terms
of normalised duration from 21 speakers? (Chapter 7)

e What are individual phrase-final tones realised across their preceding tones in terms of
normalised duration from 21 speakers (Chapter 8)

2.4.2.3. Normalisation evaluation
The efficiency of a normalisation process, as proposed by Earle (1975), can be quantified by the
normalisation index (NI), which represents the ratio of the dispension coefficients of the
normalised and unnormalised acoustic data (Rose, 1986, 1987). This index reflects how much
proportion of variance, intermingled with unnormalised acoustic data and caused by physical
differences in the mass and length of individual vocal folds, is reduced. The higher the NI value,
the greater degree of speaker-dependent variation is abstracted, and the clearer linguistic-phonetic

content of the signals is obtained (Huang et al., 2016).

The derived normalised data were further plotted into numbers to present the patterns in a visible,
precise, and generalisable way. Further, the data were used for statistical testing concerning the
assumptions based on both auditory and acoustic observation. The data plotting and statistical
testing were conducted using a variety of R codes, originally provided by Prof. Phil Rose but

improved by my colleague Siva Kalyan for their use with Zhangzhou data.
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2.5. Statistical Testing

In spite of the best efforts to appropriately select and measure a solid body of high-quality data,
certain remaining differences among the groups were attributed merely to the inherent variability
of samples rather than observed differences in data values (Butler, 1985; Johnson, 2008). Thus,
applying statistical techniques to test the hypotheses formulated from the observed patterns is
crucial in determining whether the observed differences between sets of data could reasonably
have been expected to occur by chance, for example, as a result of sampling variation or other
factors (Butler, 1985; Dérnyei, 2007; Johnson, 2008; Woodrow, 2014; Levshina, 2015).

This study takes advantages of pairwise t test, hierarchical clustering algorithm, and the SplitsTree
software to reveal those patterns and structures that remain hidden in the raw data, which are then
presented in a logically structured, visually tangible, and scientifically reliable way.

2.5.1. Pairwise t-test comparison

While the t test is limited to comparing the means of two groups, the function of pairwise t tests
allows for performing multiple t tests on a multitude of groups (Levshina, 2015). Thus, the
ordinary t test is apparently not suitable for this study involving 8 citation tones and 64 disyllabic
tones from 21 speakers. Correspondingly, it is appropriate to employ the pairwise t tests in this
study to determine whether the variables (e.g., FO or duration) among a population (e.g., sets of
tone) differ from each other in a significant way under the assumption that the paired differences

are independent and identically normally distributed.

For example, examining whether the eight Zhangzhou citation tones differ significantly in
duration requires all possible pairwise comparisons of the values derived from acoustic
guantification and normalisation. Figure 2-9 shows the comparison result among 28 (=8*7/2)

paired differences.

tonel tone2 tone3 toned tone5 toneb tone?

tone?2 8.6e-10 - - - - - -
tone3d < 2e-16 < 2e-16 - - - - -
toned < 2e-16 < 2e-16 8.0e-06 - - - -
tone5 2.3e-06 1.000 < 2e-16 < Z2e-16 - - -
toneb < 2e-16 < 2e-16 < 2e-16 < Z2e-16 < 2e-16 - -
tone/7 < 2e-16 < 2e-16 < 2e-16 < 2e-16 < 2e-16 < 2e-16 -
tone8 1.1e-10 1.000 < 2e-16 < Z2e-16 0.041 < 2e-16 < 2e-16

Figure 2-9. Pairwise t-test comparison of normalised duration among Zhangzhou citation tones.

During the application of pairwise t tests, the Bonferroni correction has to be performed to control
for the Type I Error and achieve significance (Levshina, 2015). The corrected alpha is calculated
by dividing the critical P value by the number of comparisons under consideration. For example,
in this duration case, the corrected alpha is 0.00186 (= 0.05/28). If the calculated t value is less

than the corrected alpha, then the paired difference is considered to be statistically significant,
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and vice versa. For example, the durational difference between tones 7 and 1 is statistically

significant (2e-16<0.00186), while it is not significant between tone 8 and tone 2 (1>0.00186).

As discussed, pairwise t tests can help determine whether the observed variables between sets of
data are statistically significantly different from each other. The testing result can be visualised
using the hierarchical clustering algorithms, which can help assess how many levels the sets of
data can be clustered into from the scientific point of view. For example, Figure 2-10 presents the

clustering result of normalised length levels of Zhangzhou citation tones by pairwise t tests.
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Figure 2-10. Clustering of normalised length levels of Zhangzhou citation tones by pairwise t tests.

The vertical lines in Figure 2-10 are branches representing the amount of significant difference in
duration across different tones. The longer the branch in the vertical dimension, the larger the
amount of significant difference in duration. The horizontal dimension indicates which tone
connects to which in terms of length. The closer the tones, the higher the probability that they
belong to the same length level. The scale at the far left of the figure is the threshold distance for
significance. The higher the threshold, the lesser the length levels that can be generated.

This study primarily selected the threshold at 1 to determine the number of significantly different
levels for normalised FO and duration. The clustering results at this threshold were largely
consistent with results determined on the basis of either the auditory impressions or the acoustic
quantifications, which will be presented in Chapters 5, 7 and 8. Nevertheless, the threshold may
be slightly modified for the data set having a relatively larger effect size. For example, the
clustering of normalised FO contours for citation tones involved 16 putative points to be pairwise
tested and hierarchically clustered. A selection of threshold at 1.5 can group the putative points
into higher-quality clusters (see Chapter 5). Once the number of the length level has been decided,

the ranking can be further conducted for a better representation.

The pairwise t tests and the hierarchical clustering algorithms were mainly employed to address
a series of specific research question in the thesis, including
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e How many normalised FO and duration levels are contrastive among Zhangzhou
citation tones? (Chapter 5)

e Are the FO and duration realisations of Zhangzhou phrase-initial tones affected by their
following tones? If so, to what extent are they affected, and what conditions the
variations? (Chapter 7)

e How many normalised FO and duration levels are contrastive among Zhangzhou
phrase-initial tones? (Chapter 7)

e Are the FO and duration realisations of Zhangzhou phrase-final tones affected by their
preceding tones? If so, to what extent are they affected, and what conditions the
variations? (Chapter 8)

e How many normalised FO and duration levels are contrastive among Zhangzhou
phrase-final tones? (Chapter 8)

2.5.2. SplitsTree

This study asserts that tonal realisations in Zhangzhou are multidimensional, involving a variety
of co-varying phonetic parameters that include pitch/FO, duration, vowel quality, voice quality,
and obstruent coda. Each tone thus consists of a bundle of phonetic outputs, forming a
multidimensional framework for the whole tonal system (see later chapters). Revealing the
patterns and structures that remain hidden within the geometry is imperative for understanding
the relatedness between tones from the phonological point of view.

This study employs the SplitsTree software (Kloepper & Huson, 2008) to generate phylograms
in order to hierarchically visualise the mapping for a set of tones under consideration. The
phylogenetic network is applied under the assumption that each tone in a sequence can change its
phonetic outputs independently from the other tones. Before a phylogram is created, the phonetic
outputs for a set of tones under investigation have to be transformed into a multiple sequence
alignment to be computed in the SplitsTree software. The sequencing of the multiple alignment

varies along with the changes of tonal realisations across different linguistic contexts.

Figure 2-11 demonstrates how the phylogenetic tree works for the mapping of phonological
relatedness between Zhangzhou tones in this study. The root of the tree encodes what type of data
set is under consideration (e.g., Zhangzhou citation tones). The horizontal lines are branches
representing the amount of similarity in terms of multidimensional parameters across tones being
investigated. The shorter the branch in the horizontal dimension, the stronger the similarity that
tones share in phonetics, and vice versa. The vertical dimension indicates which tone connects to
which other tone. The more divergent the tones, the higher the probability that they are
phonologically unrelated, and vice versa. The bar on the top of the phylogram shows the length

of the branch with an amount similarity change of 0.07.
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Zhangzhou Citation Tones
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C4

Co
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Figure 2-11. Example of phylogenetic mapping for Zhangzhou tones (C=Citation tone).

The SplitsTree software was mainly employed to address the relatedness between a set of tones
from the phonological perspective, the results of which can significantly help to develop a
conception of the totality of tonal contrasts and tonal neutralisations. The software was applied
only when the multidimensional properties for each set of tones had been established and had
been transformed into a multiple sequence alignment. The application of SplitsTree was mainly

to address a series of specific research questions, including

e How are Zhangzhou tones related to each other in citation? (Chapter 5)

e How are Zhangzhou tones related to each other phrase initially? (Chapter 7)

e How are Zhangzhou tones related to each other phrase finally? (Chapter 8)

e How are Zhangzhou phrase-initial tones related to citation tones? (Chapter 9)

e How are Zhangzhou phrase-final tones related to citation tones? (Chapter 9)
The techniques of pairwise t testing, the hierarchical clustering algorithm, and the SplitsTree
enabled the identifications of the relations among independent variables as logically structured,
visually tangible, and objectively presented, which helped this study achieve a higher level of
generalisation and interpretation. The procedure of pairwise t tests and hierarchical clustering
used in this study was accomplished with the very kind assistance of my colleague, Dr. Siva
Kalyan. The application of SplitsTree was conducted under the instruction of my supervisor, Dr.
Paul Sidwell. Many concepts with respect to statistical testing were also enlightened by the
precious feedback and advice from Prof. Phil Rose. | acknowledge their generous help. The codes
for the pairwise t-test comparison and clustering, as well as the multiple sequence alignments for
the SplitsTree operation are all provided in the attached USB.
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2.6. Conclusion

This chapter has introduced the methodologies used in this project, involving the phonetic
fieldwork, auditory data processing, acoustic data processing, and statistical testing. These
methodologies are derived from but also constrained by the research questions proposed in
Chapter 1. They form a cohesive and coherent framework for addressing the research questions

from different perspectives.

This methodological-analytical framework ensures this study has a strong foundation of a
generalisable sample, reliable and valid instrumentation, and credible and scientific testing. It
allows for description and quantification of tonal realisation and interaction and testing the
hypotheses formulated based on the observed auditory and acoustic patterns. The results of the
applications of intersecting methodologies will be described and explained in the following
chapters.
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Chapter 3: Zhangzhou Syllables and Segments

This chapter provides a detailed description of Zhangzhou syllables and segments from the
perspectives of phonetics and phonology. It largely addresses three issues. (1) How are syllables
structured in Zhangzhou? (2) What are the syllable components? (3) What are the individual
syllable components realised at the phonetic level? and how can they be treated phonologically?
The descriptions and analyses offered in this chapter go beyond earlier studies by relying on more

objective data and employing more up-to-date methods.

3.1. Syllables

This study asserts Zhangzhou exhibiting a C(G)V(C) syllable structure in which the syllable onset
and nucleus are obligatory while the glide and coda are optional. The prevocalic glides are treated
as an independent syllable component (G) while the postvocalic glides are considered as one type
of syllable coda (C). The glottal stop is considered a phonemic syllable onset (C), but in the rhyme
as a laryngeal feature that generally accompanies the creaky phonation in falling-pitched low
vowels, rather than a contrastive syllable coda. Consonantal clusters do not occur. The reasons

for these phonological treatments are discussed in detail in the rest of this chapter.

In addition, Zhangzhou essentially features four syllable types—CV, CGV, CVC, and CGVC—,
as illustrated in Table 3-1 (in which segments are transcribed phonemically). The data from
multiple speakers make it possible to generalise the phonemic inventory for individual syllable

components—onset, glide, nucleus, and coda—, as shown in Table 3-2.

Table 3-1. Examples of different syllable types in Zhangzhou

CcVv CGV cvC CGVC

di22 ‘year’ sje51 ‘write’ sim35 ‘heart’ tsjep41 ‘juice’
be41 ‘meat’ ts"je41 ‘laugh’ tit41 ‘bamboo’ kwej35 ‘obdient’
ku33 ‘worn’ kwe35 ‘song’ kew22 ‘monkey’ kjem22 ‘salty’
te51 “island’ tswe22 ‘spring water’  hut221 ‘Buddha’ ts"jet41 ‘chop’
2535 ‘dark’ ?2j522 ‘sheep’ 20133 ‘prosperous’ ?jew35 ‘hungry’

Table 3-2. The phonemic inventory for individual syllable components in Zhangzhou

Syllable position Phoneme

Onset p, p" b, t, th, & k, k", d, ts, ts", s, z, h, ?
Glide Jyw

Nucleus i,e,&89,0,U18%3mn

Coda j,w,mn,n,p,tk
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Nevertheless, it is important to realise that conducting a linguistic study of the sound system of a

given language not only entails determining how many speech contrasts exist but also revealing

and explaining a series of occurring questions, for example,

e How are phonemes realised phonetically?

e How are they distributed phonotactically?

e What conditions allophonic variation?

e How can the observed variation be interpreted formally?

The rest of this chapter is devoted to exploring and discussing Zhangzhou segments with respect

to the above questions.

3.2. Onsets (C)

Zhangzhou shows a relatively small onset inventory of 15 phonemes: /p/, /p¥/, /6/, /t/, t/, /d], /k/,

/Ky, I/dl, s/, /tsh/, /s/, /z/, /h/, and /?/. Careful transcription and instrumental analyses reveal

various allophones conditioned by various factors, as shown in Table 3-3. The symbol * signifies

no relevant sound was found in the data.

Table 3-3. Onset allophony in Zhangzhou summarised

Phonetic realisation

Manner Place Phoneme il uw] V] _/[N]  elsewhere
Occlussive bilabial P p pY p p P
ph p" p" p" * p"
6 Bv m * 6
th t thw th th th
d d I n * d
velar k ki kv k Kk k
kb khi ki kb kb kb
J g ¥ 0 * g
glottal ? /0 M0 L2 L) /0
Fricative alveolar s ¢ S S S s
z j 3 * * *
pharyngeal hi hv fi fi h
Affricative alveolar ts te i) ts ts ts
tsh teh tm tsh tsh tsh

As indicated in Table 3-3, the articulatory realisations of syllable onsets are diverse and dynamic,

conditioned by a variety of factors, including the palatals ([i] and[j]) and labial-velars ([u] and
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[w]), nasalised vowels [V], and syllabic nasals [N]. One onset can have several allophonic variants
as a consequence of the operation of different phonological processes, such as nasalisation,
lenition, labialisation, palatalisation, glottalisation, or laminalisation. For example, the bilabial
implosive [6] is weakened and labialised to a voiced fricative [B*] when it precedes the rounded

vowel [u] but shifts to the nasal [m] before nasalised vowels, as shown in Table 3-4.

Table 3-4. Examples of allophonic variations of implosives in Zhangzhou

Onset Before [u] Before [V] Elsewhere

/6/ [Bru51] “‘dance’ [mi::33] ‘noodle’ [6i::33] “flavour’
/d7 [Ivy51] ‘female’ [n3::33] ‘two’ [d5::33] ‘road’
/d7 [y"u::22] ‘cow’ [n&::33] ‘stiff’ [de::22] “‘sprout’

In addition, the various processes tend not to be independent of each other but can function
together to shape the dynamic realisations of Zhangzhou syllable onsets. This section provides a
detailed description of how various allophones are derived in the relatively simple onset system
of Zhangzhou and how they can be interpreted formally. What deserves further mentioning with
respect to Table 3-3 is why /z/ is proposed if it seems never exist at the surface. The main reason
for this treatment is that /z/ presents a neat pattern similar to its corresponding voiceless
counterpart /s/. They are both found undergoing labialisation before rounded segments and
palatalisation before palatal sounds. Similar to the [s] sound, /z/ is expected to be realised as a [z]
sound elsewhere; however, there happens existing accidental gaps because no tokens were found
in the local vocabularies. In this case, it is still proper to propose a /z/ phoneme to maintain a

symmetrical pattern with the /s/ onset, although it seems never surface.

3.2.1. Palatal-conditioned variation

The palatals—Ii] and [j]—condition two processes—dentalisation and palatalisation—in
phonemes that are not labial plosives in Zhangzhou. They cause the alveolar occlusives—/t/, /t/,
and /d—to have dental allophones—It], [t"], and [d]—at the surface, as expressed by Rule (1)
and illustrated in Table 3-5. On the other hand, the palatal sounds condition the other nine onset
phonemes that are non-labial and non-alveolar occlusives to be realised with a palatalised feature,

as expressed in Rule (2) and illustrated in Table 3-6.

(1) Dentalisation: [+alveolar; + occlusive]— [+dental]/ [+palatal]

Table 3-5. Examples of the dentalisation process in Zhangzhou

Onset Before [i] Before [j]

It/ [ti::35] “pig’ [te::22] ‘buy (rice)’
It [£'i41] ‘shave’ [tje:221] ‘overlay’
/d7 [di51] ‘you (2sg.)’ [dje:221] “catch’
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(2) Palatalisation: [-bilabial; -alveolar; +occlusive]— [+palatal]/_[+palatal]

Table 3-6. Examples of the palatalisation process in Zhangzhou

Onset Before [i] Before [j]

K/ [kii51] ‘raise’ [kijed1] ‘send’

K/ [khi41] ‘build’ [khje::33] ‘stand’
/d7 [d151] ‘speech’ [fje::22] ‘carry’
/sl [ei::35] “silk’ [eju::35] ‘repair’
Iz/ [Ji::22] ‘character’ [jju::22] ‘gentle’
Its/ [tei51] ‘elder sister’ [tejo::22] ‘stone’
fts/ [te"i41] ‘test’ [te"je::35] ‘vehicle’
/h/ [hj::22] “fish’ [hlje::35] ‘there’
2/ [?i::22] ‘move’ [?je::33] ‘scatter’

3.2.2. Labial-conditioned variation

The labial sounds—{[u] and [w]—condition four different processes in Zhangzhou onsets,
including lenition, laminalisation, glottalisation, and labialisation. All onset phonemes are
labialised before the rounded sounds, suggesting that the lips are simultaneously rounded during
the production of related sound, as expressed in Rule (3) and illustrated in Table 3-7. The auditory
impression of the alveolar obstruents (/s/, /z/, /ts/ and /ts"/) is always rounded before the labial
sound [u] or [w] in the data. It is thus appropriate to consider a labialisation process for their
palatoaveolar allophones ([f], [3], [t/] and [t/*]). Additionally, the processes of lenition,
laminalisation, and glottalisation do not operate on their own but intersect with labialisation in

Zhangzhou, as discussed below.
(3) Labialisation: C— [+labial]/ [+labial]

Table 3-7. Examples of the labialisation in Zhangzhou

Onset Before [u] Before [w]

Ip/ [p*udl] ‘wealthy’ [p¥we::35] ‘cup’
K/ [k¥u::35] “turtle’ [k¥we::35] ‘melon’
/?/ [?¥u::33] ‘have’ [?¥we::35] ‘pot’
Is/ [Ju::35] ‘lose’ [Jwe::35] ‘sand’
z/ [3u::22] ‘such as’ [3we::22] ‘hot’

fts/ [tfu51] ‘master’ [tfwe51] ‘paper’
Jts"/ [tftud1] ‘house’ [tf'wi::35] ‘cross’

54



The combined processes of lenition and labialisation largely occur in the peripheral implosives
/6/ and /d/, which are realised as labialised and voiced fricatives [f¥] and [y¥], respectively, before
the rounded segment [u] or [w]. The derivation is generalised in Rule (4) with examples in Table
3-8.

(4) Lenition and labialisation: /6, g7—[B¥, y*]/_[+labial]

Table 3-8. Examples of combined processes of lenition and labialisation in Zhangzhou

Implosive Before [u] Before [w]
/6/ [Bru51] ‘dance’ [B¥wi::35] ‘smile’
/d7 [y"u::22] ‘cow’ [y*we::33] ‘external’

The combined processes of laminalisation and labialisation are seen in the voiceless alveolar
occlusives /t/ and /t"/, which are realised as [t] and [t"], respectively, in this labial-conditioned

environment. The derivation is expressed by Rule (5) and is exemplified in Table 3-9.
(5) Laminalisation and labialisation: /t, t"/—[t¥, t"]/ [+labial]

Table 3-9. Examples of combined processes of laminalisation and labialisation in Zhangzhou

Onset Before [u] Before [w]
i} [tvu::35] “pile’ [tvwe::33] ‘big’
/1ty [tvu::41] “dispute’ [tvwe::35] ‘drag’

The complicated combination of lenition, laminalisation, and labialisation is seen with the
alveolar implosive /d/. Tt is realised as a labialised approximant [I¥] in this environment as

generalised in Rule (6) and illustrated in Table 3-10.

(6) Lenition, laminalisation and labialisation: /d/—[1¥]/_[+labial]

Table 3-10. Examples of combined processes of lenition, laminalisation and labialisation in Zhangzhou

Onset Before [u] Before [w]
Idl [1Ivu51] “female’ [1¥we::22] ‘bamboo basket’
[I%u::35] ‘push’ [[¥wi::35] ‘money’

The combined processes of glottalisation and labialisation are also seen in the voiceless
pharyngeal fricative /h/, which is realised as a labialised glottal fricative [h*] before the rounded
vowel [u] or the labial-velar glide [w]. This deviation is expressed in Rule (7) with examples in
Table 3-11. The glottalisation in this study represents a partial constriction for this onset

production at the glottis rather than in the pharyngeal cavity.
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(7) Glottalisation and labialisation: /h/—[h¥]/ [+labial]

Table 3-11. Examples of combined processes of glottalisation and labialisation in Zhangzhou

Onset Before [u] Before [w]
n/ [hvy::22] ‘assist by the arms’ [hvwe::35] ‘flower’
[h*u::35] ‘skin’ [h*wib1] ‘expense’

3.2.3. Nasality-conditioned variation

The nasalised vowels [V] and syllabic nasals [N] constitute the conditioning environment of
[+nasal], motivating two different processes of nasalisation and glotalisation but only in specific
sets of syllable onsets in Zhangzhou. VVoiceless obstruents are observed being able to occur before
the nasalised segments at the surface level, while the implosives are prohibited, instead, they are
found undergoing nasalisation and become their homorganic nasal plosives before nasalised

vowels, as generalised in Rule (8) and shown in Table 3-12.
(8) Nasalisation: [+voiced; +occlusives] — [+nasal]/_[V]

Table 3-12. Examples of the nasalisation process in Zhangzhou

Implosive Before [V] Before [V]

/6/ [6i::33] “flavour’ [mi::33] ‘noodle’
/d/ [d5::33] ‘road’ [n3::33] ‘two’
/dl [de::33] ‘shy’ [ng::33] ‘stiff’
Ip/ [pi::35] ‘sorrow’ [pi::35] ‘side’

iV} [ti::35] ‘pig’ [ti::35] ‘sweet’
K/ [Ki::35] ‘branch’ [Ki::35] alkaline’

On the other hand, the voiceless pharyngeal fricative undergoes glottalisation and becomes a
breathy sound [fi] before nasalised vowels and syllabic nasals. The derivation of the breathy

variant is expressed by Rule (9), and examples are provided in Table 3-13.
(9) Gilottalisation: /h/—[A]/_[V] or [N]

Table 3-13. Examples of the glottalisation process in Zhangzhou

Pharyngeal Before [V] Before [N]

/n/ [A§41] ‘rest’ [Am41] hit with a stick’
[A841] ‘sizzling’ [fin::35] ‘recipe’
[Ai41] “fling’ [An4l] ‘yep’
[Rj3::35] ‘joss sticks’ [fin::33] ‘moan’
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Nevertheless, a series of theoretical concerns may arise with respect to the very abstract nature of
the implosive-nasal alternation. For example, why are the implosives chosen to represent the
phonemes, and why not just use the egressive occlusives /b, d, g/? Alternatively, why are the
implosives considered to be the unmarked forms? Why are the pulmonic /b, d, g/ excluded from
the onset phoneme inventory, and why are the nasals considered the derived forms? These
questions essentially concern what IPA symbols to be used to represent phonemes having quite

disparate allophones.

Three considerations are given for the phonemic treatment of implosives in this study. First, the
egressive stops are seldmon used in Zhangzhou. Zhangzhou presents an asymmetric distribution
with respect to the airstream mechanism involved in the onset production. All voiceless
occlusives—[p, p", t, t", k, k"—are produced with the pulmonic egressive airstream while the
voiced occlusives are produced with the glottalic ingressive airstream, forming three contrastive
implosives [b, d, d]. The egressive voiced stops—[b, d, g]—are less likely to be found in this
language. In other words, they are marked.

Second, the implosives are widely used in Zhangzhou. They are found across different syllable
types—for example, [6e4l] ‘meat’, [b6je:33] ‘temple’, [bom::33] ‘touch’, and [djon::22]
‘dragon’—and across different oral vowels, but they undergo processes before the rounded
segments [u] and [w], as discussed in subsection 3.2.2. Therefore, the implosives tend to be
unmarked. Third, the occurrence of nasal consonants is strictly constrained in the syllable onset
position. They are found only in CV syllable structures and before four nasalised vowels, which
are found in only a small number of local vocabularies. In other words, the nasal consonant onsets
are used in marked contexts. Considering these three factors, it is appropriate and plausible to

propose the implosives as phonemes.

3.2.4. Summary

Therefore, in spite of Zhangzhou having a relatively small number of phonemic onsets, their
phonetic realisations are substantially dynamic and diverse, motivated by a variety of processes,
including dentalisation, palatalisation, lenition, labialisation, laminalisation, nasalisation, and
glottalisation, which are conditioned by different factors. In addition, the processes are not
necessarily independent of each other, often interacting to shape the dynamic realisations of
Zhangzhou onsets. The auditory description of allophonic variation of syllable onsets sheds some
interesting lights on future studies to conduct sophisticated acoustic and articulatory experiments
to explore and explain why various processes occur and interact in the utterances of Zhangzhou,

and to see whether male and female speakers have different manifestations.

3.3. Glides (G)
Two prevocalic glides—j] and [w]—can be identified in the data. Nevertheless, three major

issues arise with respect to their phonetic properties and theoretical status in syllables.
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Phonotactically, the language tends to have an OCP_place effect (obligatory contour principle on
the place of articulation) on the occurrence of glide in syllables. Rhymes, like/*we/ and /*wo/,
are prohibited to occur, while rhymes, like /je/ and /we/, are commonly seen in the data.
Phonetically, the realisations of gliding features—[+palatal] and [+labial]—are essentially
continuous, and specifying where the glide occurs and ends in the utterances is perceptually
difficult. For example, syllable onsets are often undergoing palatalisation before [j], while

undergoing labialisation before [w] glide, as discussed in the previous section.

Phonologically, the treatment of glides in syllables has appeared problematic for phonological
theories. Many proposals have been suggested but without general agreement (Hooper, 1972;
Blevins, 1995; Levi, 2011). For example, glides are grouped conventionally with the nucleus and
coda to form a larger layer of rhyme in Sinitic linguistics. They can be grouped with consonant
to form a complex syllable onset or grouped with vowel to form a layer of the nucleus.
Alternatively, they can be treated as a secondary feature of onset without having a phonemic
status in syllables. Nevertheless, different considerations can give rise to different representations
of syllable modelling.

In this study, the glide is phonologically treated in the Sinitic fashion as an independent syllable
component (G) and as one part of the rhyme. It is also considered a secondary feature of syllable
onsets at the phonetic level, as shown in Table 3-14. Thus, the difference between [kj] and [ki]
can be considered to be an issue of whether the onset [K] is palatalised due to the influence of the
production of its following glide. This treatment of Zhangzhou glides can maximally respect the
fact that the gliding features are continuous while ensuring the simplicity principle of
phonological analysis. Additionally, the diverse and dynamic realisations of syllable onsets can
be largely stated as a consequence of various processes conditioned by the continuous gliding

features, as discussed in detail in section 3.3.

Table 3-14. Examples of the continuous realisation of glide feature

Phoneme il [w]
/k/ [kijed1] ‘sent’ [kvwedl] “lid’
/kb/ [Khije::33] ‘stand’ [khwwe41] ‘across’
/dl [dije::22] ‘raise’ [yvwedl] ‘I

3.4. Nuclei (V)

This study identified 13 syllable nuclei consisting of seven oral vowels (/i, u, €, ¢, ®, o, o/), four
nasalised vowels (/1 €, &, 3/), and two syllabic nasals (/m, n/), as shown in Table 3-15. The nasality
feature is used contrastively in the nucleus system. Vowels can be nasalised to distinguish
different lexical items while nasal consonants can be used syllabically, as shown in Table 3-16

(in which segments are transcribed phonemically).
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Table 3-15. The nucleus inventory of Zhangzhou

Oral vowel Nasalised vowel Syllabic nasal

i i *

u * m

e * *

e * n

€ g *

e 2 *

2 3 *

Table 3-16. Examples of the contrastive nasal feature in Zhangzhou

VI VI Im/ Iyl
ti35 ‘pig’ ti35 ‘sweet’ ?m35 ‘drink’ thn35 ‘soup’
pe22 ‘crawl’ pg22 “flat’ ?m22 ‘flower bud’ tn22 ‘long’
keS1 ‘twist’ k51 “dare’ ?m51 ‘aunt’ sp51 ‘play’
kje41 ‘sent’ kjz41 ‘mirror’ ?m41 ‘affirmative’ kn4l ‘steel’
d533 ‘road’ d333 ‘two’ ?m33 ‘negative’ tsn33 ‘statement’

Several notable aspects exist with respect to their distribution, realisation and influence on

syllable onsets. For example, why are the nasal consonants treated as allophones of voiced

occlusives in the onset system but as contrastive phonemes in the nucleus system? This section

provides a description and discussion of oral vowels, nasalised vowels, and syllabic nasals.

3.4.1. Oral vowels

Oral vowels have three-way contrasts with respect to either backness or height, as indicated in

Table 3-17. Their realisations are also dynamic and diverse in terms of vowel quality and voice

quality, which are primarily conditioned by the vowel height but also constrained by tone and the

position that they occur in utterances.

Table 3-17. Feature distribution of Zhangzhou oral vowel phonemes

Backedness Height
Front i, e, ¢ High i,u
Central e, 0 Mid €, 0
Back u, 9 Low £,®,0

3.4.1.1 Vowel quality realisation

Vowel quality in Zhangzhou can change with respect to tone and their occurrence position in

utterances. The high vowels are observed being realised as diphthongs in the stopped tones 6 and
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7 when their associated syllables are produced in isolation or in the final-position of utterances,
as summarised in Table 3-18, but as monophthongs elsewhere, as generalised in Table 3-19. The
non-high vowels, on the other hand, are realised consistently as monophthongs across tones and
across utterance positions. The symbol * in the tables signifies no token was found in the data in

the relevant environment.

Table 3-18. Vowel quality realisations across eight tones in the utterance-final position in Zhangzhou

Oral vowel Tonel Tone2 Tone3 Tone4 Tone5 Tone6 Tone7 Tone8
High lil [i] [i] [i] [i] [i] [ig] [ie] [i]
Il [u] [u] [u] [u] [u] [ux] [ux] [u]

Mid lel [e] [e] [e] [e] [e] * * [e]
/e/ [e] [e] [e] [e] [e] * * [e]
Low /el [e] [€] [€] (€] [€] * * [e]

le/ [e] [e] [e] [e] [e] [e] [e] [e]
1o/ [0] [0] [a] [2] [0] [0] [0] *

Table 3-19. Vowel quality realisations across eight tones in the non-final position in Zhangzhou

Oral vowel Tonel Tone2 Tone3 Tone4 ToneS5 Tone6 Tone7 Tone8
High lil [i] [i] [i] [i] [i] [i] [i] [i]
Il [u] [u] [u] [u] [u] [u] [u] [u]
Mid lel €] [e] [e] [e] [e] * * [e]
le/ [e] [e] [e] [e] [e] * * [e]
Low /el [e] [e] [e] [e] (€] * * [e]
le/ [e] [e] [e] [e] [e] [e] [e] [e]
/d/ [2] [2] [2] [2] [2] [2] [2] *

As Tables 3-18 and 3-19 indicate, the high vowels in Zhangzhou alternate between
monophthongs—Ii] and [u]—in the unstopped tones and diphthongs—{ig] and [ux]—in stopped
tones in the utterance-final position, respectively. The high vowel diphthongisation is claimed to
be one of the phonetic effects of the non-realisation of obstruent codas at the utterance-final
context. Inaddition, in this thesis, vowel quality is considered one important parameter in shaping
the multidimensional realisations of Zhangzhou tones, discussed in the following chapters across
three environments—monosyllabic, phrase-initial, and phrase-final—from the perspectives of
auditory and acoustic phonetics. The information described here aims to provide a brief

generalisation of how vowel quality is realised across tones; however, the description will be
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presented in detail in related sections concerning the interaction between tone and vowel quality
across Chapters 4, 5, 6, 7 and 8, supplemented by examples of phonetic transcriptions, acoustic

manifestations, and corresponding articulatory explanations.

Although vowel quality in Zhangzhou is changed in certain circumstances, the oral vowels can
significantly impact the realisation of syllable onsets. For example, the [+palatal] feature of the
high and front vowel [i] can motivate dentalisation and palatalisation, while the [+labial] feature
of the back high vowel [u] can also cause various phonological processes, including labialisation,

lenition, laminalisation, and glottalisation, in syllable onsets, as discussed in Section 3.2.

3.4.1.2 Voice quality realisation

The realisation of voice quality is diverse and dynamic in Zhangzhou. The data reveal four
different phonations—Dbreathy, creaky, falsetto, and modal—exist for Zhangzhou oral vowels, as
described in later chapters. Different types of phonation are not independent of tones to multiply
the number of tonal contrasts, as found in many tonal languages in South Asia, but occurring as

one important parameter to make multidimensional realisations of Zhangzhou tones.

The realisation of Zhangzhou voice quality is primarily conditioned by vowel quality, pitch and
tone as a category. The breathy voice is dominantly found in high vowels in unstopped tones. The
creaky voice largely occurs in low vowels with falling pitch contours, but occasionally, the creaky
phonation can also be perceived in the falling-pitched mid-vowel [e], especially among male
speakers. The falsetto voice only occurs in the stopped tone 6 in the non-final position of
utterances, regardless of vowel height. The modal voice, on the other hand, is largely found in

mid-vowels across tones and in low vowels but only with non-falling pitch contours.

Table 3-20 summaries the realisation of Zhangzhou voice quality across eight citation tones in
the monosyllabic setting. Table 3-21 shows their realisations in non-utterance-final position. The

symbol * signifies no token was found in the data in the related environment.

Table 3-20. Voice quality realisation across eight tones in the monosyllabic setting in Zhangzhou

Tonel Tone2 Tone3 Toned4 Toneb Tone 6 Tone7 Tone8
Oral vowel [35] [22] [51] [41] [33] [41] [221] [22]

High /il breathy breathy breathy breathy breathy  creaky creaky  breathy

fu/ breathy breathy breathy breathy breathy  creaky creaky  breathy

Mid lel modal modal Trggiy Trggiy modal * * modal
/e/ modal modal modal modal  modal * * modal

Low /¢ modal modal creaky creaky modal * * modal
/e/ modal modal creaky creaky modal creaky creaky  modal
o/ modal modal creaky creaky modal creaky creaky *
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Table 3-21. Voice quality realisation across eight tones in the non-utterance-final position in Zhangzhou

Tonel Tone2 Tone3 Toned4 Toneb Tone 6 Tone7 Tone8
Oral vowel [33] [33] [35] [63] [32] [65] [43] [32]

High  /i/ breathy breathy breathy breathy breathy falsetto  breathy breathy

fu/ breathy Dbreathy breathy breathy breathy falsetto  breathy breathy

Mid lel modal modal modal ?rce)giy ?rce)giy * * g}ggﬁy
/e/ modal modal modal modal  modal * * modal

Low /¢/ modal modal modal creaky creaky * * creaky
/e/ modal modal modal creaky creaky  falsetto  creaky creaky
/a/ modal modal modal creaky creaky  falsetto  creaky *

As Tables 3-20 and 3-21 show, the voice quality realisation in Zhangzhou is complicated and
diverse. It can be realised completely differently across different vowel heights, such as in the
falling pitched tones. It can also be realised consistently similar across different vowel heights,
such as with stopped tone 6 in the non-final position. Alternatively, one vowel can have different
phonations across different tonal environments, such as the low vowels having three types of
voice quality in the non-final position. The tables are to provide a brief introduction of the
complicated but systematic correlations between voice quality, tone, and vowel quality; however,
details of phonetic transcriptions, acoustic manifestations, and articulatory explanations will be
presented across three different linguistic contexts in Chapters 4, 5, 6, 7, and 8.

3.4.2. Nasalised vowels

Nasalised vowels are used contrastively to distinguish lexical items in Zhangzhou. For example,
the morpheme /til/ means ‘pig’ while /til/ indicates ‘sweet’. Nevertheless, not every oral vowel
can be nasalised. Only four nasalised vowels—/i, €, €, 3/—appear in the nucleus system of
Zhangzhou, as shown in Table 3-15 and exemplified in Table 3-16. The existence of nasalised
vowels, on the other hand, can trigger several processes on preceding syllable onsets. For
example, implosives can assimilate to the nasal feature and become nasal consonants. The
pharyngeal fricative /h/ is found undergoing glottalisation and being realised as a breathy sound

[f] before nasalised vowels, as discussed in Section 3.2.3.

3.4.3. Syllabic nasals

Many tokens are produced with syllabic nasals in Zhangzhou. For example, the syllabic /m/ can
carry five different pitch contours for five lexical meanings, including /?m24/ “drink’, /?m22/
“flower bud’, /?2m51/ ‘aunt’, /?m41/ ‘affirmative’, and /?m33/ ‘negative’. Nevertheless, as far as
their distribution is concerned, one crucial issue must be addressed. As reflected in Table 3-15,
the two syllabic nasals—[m] and [n]—occur in contexts where the nasalised vowels [*u] and [*8]
are not found in the data. It thus seems logically plausible to consider the underlying forms of [m]

and [p] as /*u/ and /*&/, respectively, rather than as /m/ and /y/. This study posits the syllabic
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nasals are independent phonemes rather than allophonic variants of nasalised vowels /*u/ and /*&/

for two major reasons.

First, the analysis of phonology should be grounded in phonetics (Lass, 1984; Blumstein, 1991;
Scobbie, 2007; Cohn, 2007; Ohala, 2010). For example, Lass (1984, p.25) asserted “good
descriptions are as simple as is consistent with the facts, as coherent, orderly, highly patterned
and structured as possible”. In the Zhangzhou data, a considerable number of tokens are produced
with syllabic nasals, especially with the velar [g]. In contrast, no tokens were found having the
nasalised vowels [*t] and [*&]. Thus it is appropriate to propose syllabic nasals as the underlying
representations which have phonetic reality in utterances, rather than considering the sounds that

lack reality in phonetics or in facts as phonemes.

Second, proposing syllabic nasals as phonemes makes the system symmetrical and predictable.
Similar to nasalised vowels /i, £, &, 3/, the existence of syllabic nasals can also motivate processes
on syllable onsets and affect their realisations at the surface. For example, the pharyngeal fricative
/t/ is found to undergo glottalisation and is realised as a breathy sound [fi] before [m] and [p], as
discussed in Section 3.2.3. Thus, considering syllabic nasals as phonemes is not only consistent
with the facts, but also allows the pattern to remain coherent, predictable and symmetrical.

3.4.4. Summary

Therefore, the realisations of Zhangzhou oral nuclei are also diverse and dynamic, showing
complicated interactions with tone and other phonetic parameters in terms of both vowel quality
and voice quality. The nasality feature is contrastively used, forming categories of nasalised
vowels and syllabic nasals. Considering the phonemic status of syllabic nasals should address the
issues of whether the proposed phonemes have reality in phonetics and whether the treatment can
make the system symmetrical and predictable. Additionally, the length realisation of vowels is
also observed dynamic, varying with respect to different tones and different linguistic contexts,

which will be discussed in later chapters 5, 7 and 8 from the acoustic and statistical perspectives.

3.5. Codas (C)
Three types of syllable coda are identified in this study—glide (/j, w/), nasal (/m, n, /), and
obstruent (/p, t, k/)—which optionally occur in syllables. This section primarily addresses the

following four questions.
e Why are postvocalic glides treated as one type of syllable coda (C) rather than as an
independent syllable component (G), as are prevocalic glides?
e \Why are obstruent codas proposed to be phonemic if they are not always realised?
e Why is the glottal stop considered as a laryngeal feature of rhymes rather than a coda?

e Why are the nasal codas proposed to be contrastive if they seem complementary to the
obstruent codas?
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3.5.1. Glide codas

Two types of glides—/j/ and /w/—are used contrastively in the postvocalic position in
Zhangzhou. They are considered one type of syllable coda (C), patterning with obstruent and
nasal consonants. Three major considerations are taken into account in identifying their

phonological status within syllables in this study.

First, postvocalic glides are not commonly used in the local vocabulary. They can only occur after
vowels /e/ and /&/ to form the glide-ending rhymes: /ew/, /&w/, /ej/, /2j/, ljew/, /jew/, /wej/, and
/wgj/, as illustrated in Table 3-22. The other nine nuclei, on other hand, are constrained from
occurring before the two glides, for examples, rhymes like /*¢j/, /*ew/, /*ej/, /*ew/, /*oj/, [*owl/,

/*€j/, and /*3j/ were not found in the data.

Second, a good phonological analysis is as simple as is consistent with the facts (Lass, 1984, p.
25). Proposing postvocalic glides as having one independent status in syllables would create an
unnecessary degree of complexity with respect to syllable modelling for tokens that occur very
little in the whole vocabulary. In contrast, proposing they are one type of syllable coda makes the
phonological analysis more simple and economic. It simplifies the generalisation of Zhangzhou
syllable structure as C(G)V(C), which logically can have a maximum of four components rather
than the five components in the structure of C(G)V(G)(C). Correspondingly, it can reduce the
number of syllable types; for example, the types of CVG and CGVG are not necessary in the

pattern inventory.

Third, the glide codas group with nasal codas to form a larger category of sonorant codas
distinguished from another category of obstruent codas. The classification of syllable codas into
sonorant and obstruent has a significant impact on the tonal distinctions in Zhangzhou, as shown
in Table 3-23. As discussed, combining the three factors, it is desirable to propose the postvocalic

glides /j/ and /w/ as syllable coda in Zhangzhou.

Table 3-22. Examples of morphemes with a postvocalic glide coda

CVC; CVCu CGVCu CGwVC;

pej22 ‘row’ tew35 ‘home’ tjew22 ‘dynasty’ kwej35 ‘obedient’
sej41 ‘compete’ kew51 ‘dog’ tsjew51 “bird’ kwej41 ‘strange’
tsgj35 ‘know’ dew51 ‘brain’ djewas ‘itch’ swej33 ‘mango’
28j33 “carry’ dew22 ‘stew’ djgws1 ‘scoop’ ?wej51 ‘sprain’

Table 3-23. Distribution of Zhangzhou tones with respect to syllable codas

Tone Zero coda Glide coda Nasal coda Obstruent coda
Stopped - - - +
Unstopped + + + -
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3.5.2. Obstruent codas

Three obstruent coda phonemes—/p, t, k/—are proposed for Zhangzhou. Nevertheless, two
important issues needs further justification: (1) Why are the obstruent codas proposed as
contrastive phonemes while they are not always realised in the utterances? (2) Why is the glottal

stop not considered as a contrastive coda while it is realised in the data?

3.5.2.1 Obstruent codas /p/, /t/, and /k/

Perceptually, identifying the obstruent codas—[p], [t], and [K]—at the ends of utterances is
difficult, although occasionally the bilabial coda [p] is perceivable. Two major reasons are given
for why they are proposed as contrastive phonemes at the underlying level while they are not
always realised in Zhangzhou. First, although obstruent codas tend not to be realised at the
utterance-final position, they can give rise to a series of phonetic effects on the whole syllable,
including syllable lengthening, high vowel diphthongisation, vowel laryngealisation, and pitch
contour depression, which will be discussed in detail from the auditory and acoustic points of
view in Chapters 4, 5, 6, and 8.

Second, in contrast to their non-realisation in utterance-final position, they are largely identifiable
in the non-final position and cause other sets of phonetic effects on the whole syllable, including
syllable shortening and falsetto voice for all vowels in the stopped tone 6. The realisations of
obstruent codas and their relations to other phonetic parameters in causing tonal contrasts are
discussed in detail from the auditory, acoustic, and articulatory perspectives and supported by

statistical testing in Chapters 6 and 7.

Therefore, although the obstruent codas are not realised utterance finally, they are perceivable in
the non-final position. Whether they are realised or not, they can cause various phonetic effects
on whole syllables. It is thus appropriate to propose the obstruent codas as contrastive phonemes.
In addition, while the obstruent codas are realised in the non-final position, their distribution is

asymmetrical and, to a certain degree, constrained by vowel quality, as shown in Table 3-24.

Table 3-24. Realisation of obstruent codas at the non-utterance-final position across vowels in Zhangzhou

Vowel Ip/ It/ K/
[e] [p] [1] [K]
[i] [] [t] [K]
[u] * [1] *
[] [7] * [2]

As indicated in Table 3-24, obstruent codas are asymmetrically distributed across the rounded

vowels [u] and [5]. The labial and velar obstruent codas—[p] and [k]—do not occur after the
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rounded vowel [u] while the alveolar obstruent coda [t] does not appear after the vowel [o].
Therefore, the obstruent codas seem subject to a segment-sequencing constraint, which can be
generalised as OCP_place (obligatory contour principle on the place of articulation). If the
adjacent segments share a common place feature, such as the [+bilabial] feature for /*up/ and the

[+velar] feature for /*uk/, they are prohibited from occurring simultaneously.

Additionally, the realisation of the velar obstruent coda /k/ as an epiglottal stop [?] after the back
vowel [o] is impressionistically salient but also articulatorily understandable. The low back vowel
[5] in Zhangzhou creates an impression of a relatively tight constriction in the pharynx, which can
also be physically sensed by the tongue movement in my own oral cavity as a native speaker. The
lowering jaw and retracted tongue root render a complete constriction that forms in the pharyngeal
cavity for the following obstruent coda production, which is reasonably considered as an
epiglottal stop [?] in this study.

3.5.2.2 Glottal stop coda

The glottal stop coda [?] is readily perceived in Zhangzhou. Nevertheless, this glottal stop coda
is considered a laryngeal feature of rhymes rather than a contrastive syllable coda in this study
for the following two reasons. First, the glottal stop is synchronically widespread across both
stopped and unstopped tones, rather than being limited to the specific tones 6 and 7 as the
obstruent stop coda. There are two major environments in which the glottal stop can be perceived:
(@) all low vowels, occasionally including the mid-vowel [e], in the falling tonal environments,
for example, tones 3, 4, 6, and 7 in citation, and (b) all vowels that can occur in stopped tones 6

and 7 in the monosyllabic setting.

Additionally, as far as the common feature shared by the segments in the two main environments
is concerned, the glottal stop coda essentially can occur anywhere if the vowels are produced with
a creaky voice, regardless of in the stopped or unstopped tones. As shown in Table 3-25, it is

common for the low vowels to occur with a creaky voice across tones.

Table 3-25. Examples of the creaky low vowels in falling tones

Tone Pitch /el le/ /o/

1 low rising [ke::35] ‘home’ [ke::35] ‘glue’ [ko::35] ‘mushroom’
2 mid-low level [Khe::22] ‘get stuck’ [tsMe::22] ‘firework’  [ko::22] ‘paste’

3 high falling [khe51] “arise’ [ke51] ‘grind’ [ko51] ‘drum’

4 mid-high falling [ke41] ‘shelf’ [ke41] ‘teach’ [ko41] ‘look after’

5 mid level [ke::33] ‘low’ [ke::33] “bite’ [to::33] ‘degree’

6 stopped mid-high falling * [kg41] ‘horn’ [k341] ‘country’

7 stopped mid-low level  * [ke:221] ‘throw away’ [kg:221] ‘cook’

8 mid-low level [pe::22] ‘white’ [te::22] ‘step on’ *
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Second, most of the syllables that are diachronically assumed to have a phonemic glottal stop
coda (Lin, 1992; Ma, 1994; FCCEC, 1998; ZCCEC, 1999; Gao, 1999; Zhou, 2006; Yang, 2008;
Guo, 2014) are effectively produced without a glottal stop coda in spontaneous data. Previous
studies used the glottal stop coda phonemically before different types of nuclei but only for the
stopped tones of Yinru and Yangru in terms of the Middle Chinese (MC) tonal categories, in
which tones are categorised into the four classes of Ping, Shang, Qu, and Ru and into the two
registers of Yin and Yang for each tonal class. Nevertheless, the data for this study reveal those
syllables are largely produced without a glottal stop at the end of utterances in MC Yinru and

Yangru tones. If syllables have a phonetic glottal stop, they should have low vowels and falling

pitch contours, as shown in Table 3-26.

Table 3-26. Examples of the synchronic disappearance of the glottal stop coda in Zhangzhou

Ma (1994) This study MC YinRu (tone 4) MC Yangru (tone 8)
/i?/ lil [t"i41] iron’ [tei::22] ‘tongue’

?/ fu/ [tfudl] ‘squeeze’ [tvu::22] “piece’

/0?/ /e/ [te41] ‘table’ [te::22] ‘burn’

/e?/ lel [pedl] ‘eight’ [?e::22] ‘narrow’

/a?/ e/ [6g41] ‘meat’ te::22] ‘step on’

/2?/ * * *

/e /el [ts"e41] ‘book’ [pe::22] ‘white’

[i?/ hl [si41] “flash’ [mi::22] ‘stuff

137/ 13/ [m341] ‘sneak’ [K3::22] ‘snore’

1a?/ &/ [s&41] ‘shinning’ *

1€/ 1€/ [Ag41] ‘rest’ [mé::22] ‘pulse’

Im?/ /m/ [Am41] ‘hit with a stick’ [Am::22] “silent’

2/ Iyl * [sn::22] *sound of wheeling’
/ia?/ ljel [thjed41] ‘dismantle’ [teje::22] ‘eat’

lia?/ ljel [fjg41] ‘fetch (cloth)’ *

/i0?/ /je/ [tejo41] ‘borrow’ [teje::22] ‘stone’

/i0?/ ljdl * [h)jo::22] “affirmative’
/ua?/ /we/ [B*wed1] ‘smudge’ [?vwe::22] ‘alive’
lua?/ * * *

/ue?/ Iwe/ [*we41] ‘blood’ [y¥we::22] ‘moon’
/au?/ lew/ [p"ew41] ‘baby fat’ [dew::22] ‘drop’
lau?/ lew/ [meéw41] ‘lisping’ [Aew::22] ‘mealy’
/iau?/ ljew/ [hijew41] “fall off’ [kijaw::22] “stiff status’
liau?/ ljew/ [nljew41] ‘mean’ [nijew::22] ‘wriggle’
fuai?/ Iwej/ [?vwej42] ‘teeter’ [hvwe::22] “fat status’
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In Table 3-26, the leftmost column contains the 25 glottal-ending rhymes summarised by Ma
(1994). The second column shows their corresponding phonemic representations proposed in this
study, with examples in both MC Yinru (present tone 4) and Yangru (present tone 8) tones, which
are transcribed phonetically according to their auditory impression. As indicated in this table, no
creaky-voiced syllables are found in MC Yangru tone in this study, but their rhymes were
documented as ending in the glottal stop in Ma (1994). In contrast, some morphemes in MC Yinru
tone, which has a mid-high falling pitch contour, are found being produced with a creaky voice,
but they are limited to low vowels and the mid-vowel [e]. The high vowels are realised with a
breathy voice while the mid-vowel [e] is largely produced in modal phonation. In other words,
the laryngeal feature is preditable to associate with low vowels and falling pitch contour.

Therefore, it is preditable, plausible and economic to propose the glottal stop as a laryngeal feature
accompanying the low vowels in the falling pitch contexts and all vowels in the stopped tones. In
contrast, if the glottal stop coda is represented as a phonemic coda, a considerable number of
rhymes ending in the glottal stop are indicated, creating a substantial degree of redundancy in
rhyme table and dictionary production in Zhangzhou. For example, rhymes ending in the glottal
stop occupied more than 28% of the rhyme inventory in previous studies (Ma, 1994; FCCEC,
1998; Gao, 1999; Guo, 2014).

Additionally, syllables transcribed in previous studies in MC Yinru with a glottal stop coda
actually have been merged into those of tone 4 (MC Yinqu) with respect to vowel quality, voice
quality, length, and pitch because they do not present the properties of those syllables in stopped
tone 6 (MC Yinru), such as vowel laryngealisation and high vowel diphthongisation. The syllables
that were transcribed in Yangru with a glottal stop coda in previous studies effectively form a new
tonal category of tone 8 in this study because they have different realisations from the syllables
in stopped tone 7, which end in obstruent codas (see later chapters). Therefore, there is no glottal
coda phoneme in the synchronic system. The historical Yinru with glottal stop is merged with
Yingu (tone 4), while the historical Yangru with glottal stop is realised without a glottal stop and
forms a separate tone category (tone 8, Yangru). The laryngealisation is thus a phonetic effect in

present day Zhangzhou and should not be equated with the historical glottal stop.

3.5.3. Nasal codas

Three nasal codas—[m], [n], and [n]—are perceived in Zhangzhou data, as examplied in Table
3-27. Nevertheless, they are arguably complementary to their homorganic oral counterparts—{p],
[t], and [k]—conditioned by tones: the unstopped tones for the nasal codas and the stopped tones
for the obstruent codas, as shown in Table 3-23. It thus seems logically plausible to consider the
nasal codas as allophonic variants of obstruent codas or to treat the obstruent codas as allophonic

variants of nasal codas.
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This study considers the nasal codas are used phonemically, independent of the obstruent codas,
for three reasons. First, a large number of tokens end in nasal codas in the local vocabularies.
Second, nasal codas, along with glide codas, form a sonorant-ending category, different from the
obstruent-ending category, to classify tones and syllables. Third, while the occurrence of
obstruent codas is strictly limited to stopped tones 6 and 7, whether they are realised or not in
utterances, they can always create a series of phonetic effects on whole syllables, as discussed in
Section 3.5.2. Combining these three factors, it is phonologically plausible and simple to consider

the nasal codas as contrastive phonemes.

Table 3-27. Examples of nasal coda contrasts in Zhangzhou

Coda [i] [7]

/m/ kim35 ‘gold’ tem22 ‘discuss’

In/ kin35 ‘half a kilogram’ ten22 ‘Chen, family name’
Iyl kin35 ‘through’ ten22 ‘copper’

3.5.4. Summary

Phonological analysis of segments should not be judged simply on the basis of their distributions
in utterances, for example, whether they are contrastive or complementary to other segments.
Taking into account the phonetic facts, for instance, the rate of usage in local vocabularies and
their correlations with surrounding elements, is crucial for developping a simple but also plausible

phonological representation.

3.6. Previous Studies

Zhangzhou has been documented in various studies since the late 1950s (Dong, 1959; Lin, 1992;
Ma, 1994; FCCEC, 1998; ZCCEC, 1999; Gao, 1999; Zhou, 2006; Yang, 2008; Huang, 2009,
2010; Guo, 2014), but those studies were largely impressionistic and heavily informed by the
highly conventionalised expectations of Mainland Chinese linguistics. Consequently, the
previous studies largely lacked phonetic detail and provided only broad transcriptions of both
segments and suprasegmentals. That approach undermined the objectivity of those reported
results and left readers unable to assess the reasonableness of the phonological analyses (both

overt and implied).

In addition, both agreements and disagreements occur between the results of this study and the

nearly unanimous results of published studies since 1959, as illustrated in Tables 3-28 and 3-29.
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Table 3-28. Comparisons of Zhangzhou syllable onset inventory in different studies

Place Dong Lin Ma FCCEC ZCCEC Gao Zhou Yang Guo This study
1959 1992 1994 1998 1999 1999 2006 2008 2014

Labial p p p p p p p p p P
p»  p* P p" p" p» p*  p" P p*
b b b b b b b b b )
Alveolar t t t t t t t t t t
th th th th th th th th th th
I I I I I I I I I d
ts ts ts ts ts ts ts ts ts ts
tsh tsh tsh tsh tsh tsh tsh tsh tsh tsh
s S S s s s s s s S
dz dz dz dz dz dz dz dz dz
Velar k k k k k k k k k k
kb kb kb kb kb kb kb kb kb kh
g g g g g g g g g d
Glottal h h h h h h h h h h
Zero 1) ) ) ) ) ) @ @ )

Table 3-29. Comparisons of Zhangzhou nucleus inventory in different studies

Dong Lin Ma FCCEC ZCCEC Gao Zzhou Yang Huang Guo This
1959 1992 1994 1998 1999 1999 2006 2008 2010 2014 study

e e e e € e € e e e €
€ € € € € € € € € € €
a a a a a a a a a a 14
o) o) 2 o) o o) o o) o) o) >
0 0 0 0o 0 0o 0 0 0o 0o (&}
u u u u u u u u u u u
i i 1 i 1 i 1 i i i i
é é * * * * * * * * *
* g 5 5 5 5 5 5 5 5 £
a a a a a a a a a a 8
3 3 3 3 3 3 3 3 3 3 5
* ﬁ * * * * * * * * *
m m m m m m m m m m m
* * * * * n * * * * *
b 1 1 1 Y 1 Y 1 1 1 1

The differences relate largely to the fact that those studies placed less importance on phonetic

details and were satisfied with producing a convenient set of labels for what were assumed to be
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phonemes in the received structuralist perspective (such as codified by Pike, 1947). For example,
in this current study, many of the syllable onsets, even in relatively unmarked environments, had
characteristics not adequately represented by the symbols used in earlier studies, nor were these

details adequately described in those works. In particular,

e Most scholars proposed /dz/ while Guo (2014) represented this phoneme as /d3/. This
segment is effectively identified as a voiced fricative /z/ with some conditioned
allophony (e.g., [z], [3], and [j]) in this study. As shown in Figure 3-1, no voicing period
is initiated before vowel production and no voiced bar is generated in the spectrogram,
illustrating that no voiced stop is produced before the fricative onset /z/. Thus, this
sound is apparently not an affricative, but rather a fricative.

e No unambiguously egressive voiced occlusives are produced in the data ([*b], [*d],
[*g]), contradicting the findings of prior studies. Rather, voiced implosives [b], [d], and
[d] are typically observed in unmarked environments. As shown in Figure 3-2, the
voicing is initiated before vowel production and the amplitude remains relatively stable
or slightly increases as a function of time, signifying the production of an implosive.
Additionally, previous studies also consistently indicated a lateral /I/ for the onset that,
in the present data, is predominantly pronounced as an implosive stop [d], and in a
pattern with labial and velar implosives.

e A glottal fricative [h"] is found only in the environment of a preceding high, central,
rounded vowel [u] or the prevocalic glide [w]; in most other cases, it is produced as a
pharyngeal fricative [h]. Additionally, it can be realised as a breathy [f] before
nasalised vowels or syllabic nasals. As shown in Figure 3-3, prominent acoustic energy
peaks at lower resonant frequencies, indicating a long front cavity of vocal tract and a
posterior constriction. The spectrogram of energy peaks is distinct and dominant rather
than being a cross between a fricative and a vowel as for glottal fricative [h], because
of the coupling of the front and back cavity. Thus, it is plausible to propose the
pharyngeal glottal as a phoneme.

e Previous studies consistently incorporated a zero syllable onset /@/ into the inventory,
yet the present data indicate that [?] onset is frequently articulated, with no indication
that it contrasts with a zero onset (either segmentally or in any suprasegmental context).
Given the otherwise strong tendency for Zhangzhou syllables to have onsets, it is
preferable to recognise all syllables as having an obligatory onset that, in the case of
/?/, can be omitted without interference.

Why the studies examined consistently used some symbols indicating values divergent from the
phonetic values found associated with the real unmarked articulations of these onsets is not clear.
One possible reason could be substantial deference among Chinese scholars toward earlier
studies, such that they were not effectively independent works. Thus, it would not be appropriate

to regard the sheer number of unanimous results as deserving special weight.
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Dnset of voicing | 4l

/7i*%3/ 'character'

Figure 3-1. Acoustic spectrogram of voiced fricative onset /z/ in Zhangzhou (WYF, male).

VOT (negative)

voice bar— I8

/6£51/ 'horse'

Figure 3-2. Acoustic spectrogram of bilabial implosive /6/ in Zhangzhou (WYF, male).

“H ] H H \‘\H‘ ‘\“W“‘ -

friction |

Figure 3-3. Acoustic spectrogramof pharyngeal fricative /h/ in Zhangzhou (WYF, male).
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3.7.  Conclusion

This chapter has provided a detailed description of Zhangzhou syllables and segments from the
perspectives of both phonetics and phonology. In spite of Zhangzhou having a relatively small
number of segmental contrasts to constitute different syllable components, their phonological
status and phonetic realisations vary somewhat. The descriptions in this study advance
understanding of Zhangzhou speech sounds in terms of universal and language-specific principles
that shape the diverse and dynamic properties of human speech. This chapter has also provided a
foundation for the discussion in the remaining chapters concerning how segmentals and

suprasegmentals function together to create Zhangzhou tonal realisations and distinctions.
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Part B: Zhangzhou Citation Tones

Chapter 4: Auditory Properties of Zhangzhou Citation Tones

This thesis asserts Zhangzhou has eight citation tones, although to fully appreciate this finding
needs to understand their multidimensional characteristics across different linguistic contexts.
This is because the single dimension of pitch in the single context of citation is not adequate to
characterise Zhangzhou tonal contrasts. This chapter presents an auditory description of
Zhangzhou monosyllabic citation tones. It mainly addresses two research questions: (1) What are
the eight tones realised with respect to pitch in monosyllables? (2) How do segmental and
suprasegmental parameters interact to make tonal distinctions in Zhangzhou?

4.1. Pitch

A considerable amount of variation can be observed in terms of the pitch realisation of individual
citation tones among the 21 speakers recorded for this study, although tendencies can be
generalised as well. The impressionistic descriptive result is summarised in Table 4-1, using the

Chao pitch notation system.

The following section describes the pitch realisation of individual Zhangzhou citation tones
abstracted broadly from the data. Each tone is given its corresponding name in Middle Chinese
(MC) tonal categories; for example, tone 1 corresponds to MC Yinping tone, making this study
comparable, both synchronically and diachronically, with previous studies of Zhangzhou and with
studies of other Sinitic dialects and their varieties that generally categorise synchronic tones
according to the MC tonal categories. To highlight the pitch distinction, segments of various
examples are shown in their phonemic transcriptions, but their complicated realisations and

interactions with pitch are discussed in fuller detail in Section 4.2.

4.1.1. Tone 1-Yinping [35]

Tone 1 has a rising contour, but speakers differ somehow in terms of pitch onset and offset height.
Four variations can be perceived from the empirical data, including [35] (CSM, HJH, HQM, LRX,
LRZ, ZBQ, HZB, LMY, and YBR); [34] (YML, HMC, HYS, and WJG); [24] (HHX, HTR, and
LYY), and [25] (HSX, HYH, LCH, LZP, and WYF). Because more speakers have the onset
realisation at 3 and offset at 5, this tone is labelled [35] in this study. Examples of morphemes of
this tone are shown in Table 4-2. Thus, this tone is apparently neither a mid-high level [44] pitch,
as described previously by most scholars (Lin, 1992; Ma, 1994; FCCEC, 1998; ZCCEC, 1999;
Zhou, 2006; Chen, 2007; Yang, 2008; Guo, 2014) nor a high-rise contour of [45] as Gao (1999)

described.
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Table 4-1. Pitch realisation of Zhangzhou citation tones among 21 speakers

Gender Speaker Tonel Tone2 Tone3 Tone4 Tone5 Tone6 Tone7 Tone8

Female CSM 35 22 52 41 33 41 21 22
HHX 24 211 51 41 33 41 211 211
HJH 35 22 51 41 33 42 221 22
HQM 35 211 51 41 33 41 211 211
HSX 25 22 51 41 33 41 221 22
HYH 25 212 51 41 33 41 212 212
LCH 25 22 51 41 33 41 21 22
LRX 35 22 52 41 33 41 221 22
LRZ 35 22 51 41 33 41 22 22
LZP 25 22 51 41 33 43 21 22
YML 34 22 51 41 33 42 221 22
ZBQ 35 22 51 41 33 41 221 22

Male HMC 34 22 51 41 33 41 21 22
HTR 24 211 51 41 33 42 211 211
HYS 34 22 51 41 33 42 22 22
HZB 35 22 51 41 44 42 22 22
LMY 35 22 51 41 33 43 22 22
LYY 24 211 51 41 33 42 21 211
WIG 34 211 51 41 33 42 211 211
WYF 25 22 51 31 33 41 221 221
YBR 35 22 51 31 33 42 22 22

Table 4-2. Examples of morphemes of tone 1 (Yinping) in Zhangzhou

CcVv CGV cvC CGVC

si35 ‘poetry’ swe35’mountain’ sim35 ‘heart’ sjen35 ‘immortal’
tM35 ‘sky’ t"j35 ‘hall’ then35 ‘window’ ts"jon35 ‘rush’
ko35 ‘mushroom’ kj335 ‘ginger’ kon35 ‘grandfather’  kjew35 ‘delicate’
de35 “pull’ bwi35 ‘smile’ hej35 ‘big’ djen35 ‘ring (v.)’
?m35 ‘drink’ ?wi35 ‘power’ Pew35 ‘cup’ ?jew35 ‘hungry’

4.1.2. Tone 2-Yangping [22]

Tone 2 is dominantly realised as a mid-low level contour [22], but variants with a low fall with
level plateau [211] (HRX, HQM, HTR, LYY and WJG) and a low dipping [212] (HYH) can also
be perceived. It is not realised as a rising contour of [13] or [12] as described previously (Lin,
1992; FCCEC, 1998; ZCCEC, 1999; Gao, 1999; Ma, 1999; Zhou, 2006; Chen, 2007; Yang, 2008;
Guo, 2014). This tone is broadly transcribed as [22] in this study. Examples are shown in Table
4-3.
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Table 4-3. Examples of morphemes of tone 2 (Yangping) in Zhangzhou

CVv CGV CVvC CGVC

si22 ‘time’ swi22 ‘follow’ sin22 ‘deity’ sjew22 ‘silly’
pg22 “flat’ tjg22 ‘yard’ tej22 ‘platform’ tswen22 ‘entire’
ko22 ‘paste’ kju22 ‘ball’ kon22 ‘in rush’ kwen22 ‘high’
be22 ‘palsy’ bwe22 ‘sesame’ den22 ‘people’ djem22 ‘sticky’
?m22 ‘bud’ ?2j522 ‘sheep’ Pew22 ‘throat’ ?jem22 ‘salt’

4.1.3. Tone 3-Shang [51]

Tone 3 is a high falling tone. Its pitch falls through most speakers’ ranges from the top to the
bottom [51], but some speakers have a slightly higher offset [52] (CSM and LRX). The
observation is similar to previous descriptions of [53] (Dong, 1959; Lin, 1992; Ma, 1994; FCCEC,
1998; ZCCEC, 1999; Gao, 1999; Zhou, 2006; Chen, 2007; Yang, 2008; Guo, 2014) but with a
lower pitch offset. This tone is transcribed as [51] in this study. Examples of this tone are shown
in Table 4-4.

Table 4-4. Examples of morphemes of tone 3 (Shang) in Zhangzhou

Ccv CGvV CvC CGvC

si5l “die’ swib1 ‘beautiful’ sim51 ‘judge’ swen51 ‘choose’
tseb1 ‘wells’ tje51 “fried pan’ tshew51 “glass’ tsjew51 “bird’
ko51 ‘drum’ kweb1 ‘rice cake’ kon51 ‘speak’ kwen51 ‘govern’
pe51 “full’ dgwes1 P den51 ‘we’ bjen51 ‘exempt’
?m51 ‘aunt’ ?2j5351 ‘ladle out’ hej51 ‘sea’ hjem51 ‘danger’

4.1.4. Tone 4-Yinqu [41]

Tone 4 has a falling contour. It largely falls from the mid-third of the speaker’s pitch range to low
and occasionally falls from the mid-pitch range for some speakers (WYF and YBR). It is
apparently not a low-falling contour [21] as most scholars described previously (Lin, 1992; Ma,
1994; FCCEC, 1998; ZCCEC, 1999; Gao, 1999; Zhou, 2006; Chen, 2007; Yang, 2008; Guo,
2014) or [32] (Dong, 1959). This tone is transcribed as [41] in this study. Examples of morphemes
of this tone appear in Table 4-5.
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Table 4-5. Examples of morphemes of tone 4 (Yinqu) in Zhangzhou

CVv CGV CvC CGVC

si41 “four’ sweg4l ‘thread’ sin4l ‘believe’ sjew41 ‘accounts’
s€41 ‘surname’ t"j#41 “painful’ tun4l shield’ tjem41 ‘store’
ko41 ‘look after’ kju4l ‘rescue’ kon41 hit’ kwej41 ‘blame’
dud1 ‘scrub’ kwe41 ‘hang’ dendl “chilly’ djon41 ‘pedal’
?m41 ‘yes’ ?je41 ‘guess’ ?ej41 ‘love’ ?jem41 ‘hate’

4.1.5. Tone 5-Yangqu [33]

Tone 5 is realised as a mid-level tone among the speakers but as a mid-high level [44] for the
male speaker HZB. Perceptually, it has a higher pitch height than a mid-low level [22], as most
previous studies have indicated (Lin, 1992; Ma, 1994; FCCEC, 1998; ZCCEC, 1999; Zhou, 2006;
Chen, 2007; Yang, 2008; Guo, 2014). This tone is transcribed as [33], which is identical to the
descriptions of Dong (1959) and Gao (1999). Examples are shown in Table 4-6.

Table 4-6. Examples of morphemes of tone 5 (Yangqu) in Zhangzhou

CcVv CGV cvC CGVC

si33 ‘affirmative’ sje33 ‘shoot’ sin33 ‘remain’ sjew33 ‘whip’
pg33 ‘illness’ tj233 ‘stop’ tej33 ‘replace’ tjen33 ‘electricity’
ho33 ‘rain’ 5j333 ‘miss’ ton33 ‘hole’ kwen33 ‘county’
d>33 ‘road’ dwe33 ‘outside’ dun33 ‘tender’ djen33 ‘practice’
?m33 ‘no’ ?we33 ‘speech’ ?2ew33 ‘rear’ ?jon33 ‘use’

4.1.6. Tone 6-Yinru [41]

Tone 6 is perceptually realised as a mid-high falling contour [41] for most speakers but has
variations in the pitch offset, including [42] (CSM, YML, HTR, HYS, LYY, WJG, and YBR) and
[43] (LZP and LMY). It has a slightly higher pitch onset than that of tone 4 but has a shorter
duration. Syllables in this tone have an obstruent coda at the underlying level, but the codas tend
to be realised only in non-utterance-final position. This tone is transcribed as [41] and is labelled
as a stopped mid-high falling tone to signify its similarity to (e.g., pitch) and difference from (e.g.,
duration and syllable coda types) the unstopped tone 4. The transcription is different from
previous descriptions of [32] (Dong, 1959; Lin, 1992; Ma, 1994; FCCEC, 1998; ZCCEC, 1999;
Zhou, 2006; Chen, 2007; Yang, 2008), [21] (Gao, 1999), and [31] (Guo, 2014). Examples of this

tone appear in Table 4-7.
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Table 4-7. Examples of morphemes of tone 6 (Yinru) in Zhangzhou

CVvC CGVC

sip41 ‘humid’ sjep41 ‘astringent’

tik41 ‘bamboo’ ts"jetd1 ‘chop’

kok41 ‘country’ kjek41 ‘chrysanthemum’
dut41 “fall off’ hwet41 ‘law’

Pek41 ‘water (v.)’ wetd1 ‘turn (v.)’

4.1.7. Tone 7-Yangru [221]

Tone 7 has a similar pitch contour to tone 2 but with a slight final fall because of the association
between creaky phonation and pitch depression. Its pitch realisation varies from [221] (HJH,
HSX, LRX, YML, ZBQ, and WYF), [211] (HHX, HQM, and WJG), [22] (LRZ, HYS, HZB,
LMY, and YBR), [21] (CSM, LCH, LZP, HMC, and LYY), and [212] (HYH). It is labelled as
[221] in this study. Syllables of this [221] pitch have underlying obstruent codas that tend not to
be realised in citation. Examples of this tone are shown in Table 4-8. These observations are
different from previous studies that largely transcribed this tone with a convex contour [121] (Ma,
1994; FCCEC, 1998; ZCCEC, 1999; Gao, 1999; Zhou, 2006; Chen, 2007; Yang, 2008; Guo,
2014) or a low rise [13] (Dong, 1959) or [12] (Lin, 1992).

Table 4-8. Examples of morphemes of tone 7 (Yangru) in Zhangzhou

CvC CGVvC

tsep221 ‘ten’ kjek221 ‘bureau’
tok221 ‘poison kjek221 ‘drama’
dik221 ‘green’ bjet221 ‘destroy’
bek221 ‘eye’ djok221 ‘jade’
hut221 ‘Buddha’ ?jet221 “fan (v.)’

4.1.8. Tone 8-Yangru [22]

Tone 8 is largely realised as a mid-low level contour [22], as tone 2, but similarly, several variants
can be observed, including [211] (HHX, HQM, HTR, LYY, and WJG), [221] (WYF), and [212]
(HYH). This tone is labelled as Yangru [22] in this study. Examples are provided below in Table
4-9.

The reason for proposing tone 8 as an independent tone rather than classifying it as an allotone of
Tone 2 is primarily because of its different realisations in sandhi environments (see Chapters 6
and 7). In addition, this tone is classified as Yangru in MC tonal categories because syllables of
this tone have been consistently classified in the MC Yangru tone with a glottal coda /?/ (Dong,
1959; Lin, 1992; Ma, 1994; FCCEC, 1998; ZCCEC, 1999; Gao, 1999; Zhou, 2006). To keep
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diachronic track of syllables in this tone, tone 8 is labelled as Yangru in this study, although no

glottal stop is found in related syllables, as discussed in Chapter 3.

Table 4-9. Examples of morphemes of tone 8 (Yangru) in Zhangzhou

CVv CGV CcvC CGVC

pe22 ‘white’ tje22 ‘right’ hew22 ‘mealy’ k'jew22 stiff status’

tsi22 ‘tongue’ tsje22 ‘eat’ bew22 ‘buy up’ njew22 ‘wriggle’

de22 ‘wax’ dwe22 ‘spicy’ dew22 ‘drop’ swej22 ‘sound of moving fan’
?e22 ‘narrow’ we22 ‘alive’ * hwej22 ‘fat status’

4.1.9. Summary

As noted previously, the pitch realisation of Zhangzhou citation tones involves variation in both
pitch contour—rising, level, and falling—and pitch height—mid-low, mid, mid-high, and high.
The overall pitch system of the eight citation tones is summarised in Table 4-10, with examples
of minimal and/or semi-minimal pairs. In addition, several notable aspects deserve further

mentioning with respect to the relations among different citation tones in terms of pitch.

Table 4-10. Pitch system of Zhangzhou citation tones

Tone MC Pitch Morpheme Morpheme

1 Yinping mid rising [35] [sil “poetry’ /ka/ ‘mushroom’
2 Yangping  mid-low level [22] /si/ ‘time’ /ka/ ‘glue’

3 Shang high falling [51] [si/ “die’ /ko/ “drum’

4 Yinqu mid-high falling [41] Isil “four’ /ko/ “look after’
5 Yangqu mid level [33] [si/ ‘affirmative’  /ho/ ‘rain’

6 Yinru stopped mid-high falling [41] [sik/ ‘colour’ /kok/ ‘country’
7 Yangru stopped mid-low level [221] [sit/ ‘solid’ /tok/ ‘poison’

8 Yangru mid-low level [22] [tsi/ ‘tongue’ /k3/ ‘snore’

First, tones of similar pitch contours are not separated maximally from each other in terms of
pitch height. For example, the level tones—2 and 5—are not in a high—low distinction (e.g., [55]
as opposed to [22] or [44] as opposed to [11]) but rather in a mid—mid-low contrast ([33] as
opposed to [22]). Similarly, the falling tones—3 and 4—are not in a high—low distinction (e.g.,
[51] as opposed to [21]) but rather in a high—mid-high contrast ([51] as opposed to [41]).

Therefore, the question is whether these can be regarded as high-low contrasts phonologically.
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Second, different tones can share very similar pitch realisations in the monosyllabic setting. For
example, tones 4 and 6 share the very similar mid-high falling contour in citation while tones 2,
7, and 8 have a similar mid-low level contour. It is perceptually difficult to distinguish them in
terms of pitch; thus, the question remains as to why consider them as separate tones rather than

grouping them into one single category.

The reason they are treated as contrastive is primarily because the realisations of Zhangzhou tones
are discovered being multidimensional, involving a variety of phonetic parameters besides pitch:
the tones that share similar pitch realisation can have considerable differences in other parametric
realisations. For example, as shown in Table 4-11, the unstopped tone 4 has a longer duration
than the stopped tone 6. The high vowels in tone 4 are realised as monophthongs with a breathy
voice rather than being diphthongised and laryngealised as in tone 6.

Table 4-11. Comparison of multidimensional realisations of citation tones 4 and 6 in Zhangzhou

Parameter Tone 4 Tone 6

Pitch [41] [41]

Length medium short

High vowel breathy creaky

Mid vowel modal *

Low vowel creaky creaky

Diphthongisation * high vowel diphthongisation
Coda type sonorant not-realised obstruent
Sandhi pitch [63] [65] (extra high)

Therefore, one single parameter of pitch is arguably not sufficient to characterise the nature of
tonal contrasts in Zhangzhou. Instead, pitches are in active and complicated interactions with
other phonetic parameters to shape the multidimensional realisations of Zhangzhou tones. The
next section is devoted to a discussion of how segmental and suprasegmental parameters interact

with each other to construct tonal distinctions.

4.2. Interactions Among Auditory Parameters

This section primarily explores how the diverse phonetic parameters—Ilength, vowel quality,
voice quality, and syllable coda—interact to characterise Zhangzhou tones multidimensionally. It
is hoped this discussion provides a deeper understanding of the nature of tonal realisations and
distinctions in Zhangzhou, but also stimulates a fresh look at other Southern China dialects and

languages of other regions.
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4.2.1. Duration

Perceptually, tonal length varies with respect to different citation tones, but a considerable amount
of variation can be observed in terms of the number of length levels and the ranking among
different levels across the 21 speakers. The descriptive results are summarised in Table 4-12, in

which 1 indicates the longest and 5 the shortest in individuals® length ranges.

Table 4-12. Length realisation of Zhangzhou citation tones among 21 speakers

Gender Speaker Tonel Tone2 Tone3 Tone4 Tone5 Tone6 Tone7 Tone8

Female CSM 3 2 4 4 2 5 3 1
HHX 2 2 3 3 2 4 2 1
HJH 2 1 3 3 1 4 2 1
HQM 1 1 2 3 1 4 2 1
HSX 1 1 2 3 1 4 2 1
HYH 3 1 4 4 2 5 3 1
LCH 1 1 3 3 1 4 2 1
LRX 2 1 3 3 1 4 2 1
LRZ 2 1 3 3 1 4 2 1
LZP 2 1 4 4 2 5 3 1
YML 1 2 4 4 1 5 3 1
ZBQ 2 1 4 4 1 5 3 2

Male HMC 1 1 2 2 1 3 2 1
HTR 1 2 3 4 1 5 2 1
HYS 1 1 3 3 1 4 2 1
HZB 2 1 3 3 1 4 2 1
LMY 2 1 3 3 2 4 2 1
LYY 2 1 4 4 1 5 3 2
WIG 1 2 2 3 1 4 3 1
WYF 2 1 3 3 1 4 2 1
YBR 1 1 3 3 1 4 2 1

As Table 4-12 indicates, in terms of the number of length levels, four length levels are the most
likely to be identified in speakers’ utterances, but variations of three levels (HMC) and five levels
(CSM, HYH, LZP, YML, ZBQ, HTR, LYY) can also be observed in the data.

As for the ranking among different levels, tones 2, 5, and 8, sharing level pitch contours, are
largely among the longest while tone 6, stopped mid-high falling contour, is dominantly the
shortest for most speakers. Tones 3 and 4, sharing falling pitch, are perceptually difficult to be
distinguished in terms of length, but both are considerably shorter than level tones 2, 5, and 8. In

addition, the length of tone 1 (rising pitch contour) mediates between the longest and the second
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longest. It is perceived as the longest among 9 out of 21 speakers and the second longest among

10 speakers. The length of tone 7 (stopped mid-low level) is impressionistically longer than that

of tones 3 and 4 (falling contour) but shorter than tone 1 (rising contour) for most speakers.

Therefore, apparent variation exists in the length realisation across the 21 speakers. Nevertheless,

central tendencies can be generalised based on the information encoded in Table 4-12. Four tonal

length levels are most commonly found among speakers, and the ranking can be generalised as

follows: tones 1, 2, 5, and 8 > tone 7 > tones 3 and 4 > tone 6. In alignment with the pitch

realisation, the overall length system of Zhangzhou citation tones is summarised in Table 4-13,

and the four length levels are labelled as extra long [V::], long [V:], medium [V], and short [V].

Table 4-13. Length realisations of Zhangzhou citation tones

Contour Tone  Pitch Length
Level/rising 1 mid rising [35] extra long [V:]
2 mid-low level [22]
5 mid level [33]
8 mid-low level [22]
Stopped level 7 stopped mid-low level [221] long [V:]
Falling 3 high falling [51] medium [V]
4 mid-high falling [41]
Stopped falling 6 stopped mid-high falling [41] short [V]

As Table 4-13 shows, several interesting aspects are worthy of further mentioning with respect to

the interaction between tonal pitch and duration among Zhangzhou citation tones.

The length realisation of Zhangzhou citation tones varies across pitch contours. Falling
contours are perceptually significantly shorter than the non-falling contours of rising
and level.

The length realisation of Zhangzhou non-stopped citation tones tends to have little
association with the pitch height from auditory point of view. For example, identifying
whether a mid-low level (tones 2 and 8) is shorter or longer than a mid-level contour
(tone 5) is perceptually difficult. Therefore, conducting experiments of acoustic
measuring and statistical testing is crucial to help specify the relation between duration
and pitch height.

The stopped tones generally have shorter durations than corresponding unstopped tones
sharing similar pitch contours. For example, the stopped tone 7 shares a similar mid-
low level contour with the unstopped tone 2, but its duration is shorter.

The stopped tones are not always the shortest, as has been conventionally assumed in
Sinitic studies (Ma, 1994; FCCEC, 1998; ZCCEC, 1999; Gao, 1999; Zhou, 2006;
Chen, 2007; Yang, 2008; Guo, 2014). Instead, it can be much longer than many other
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tones in a language, for example, the stopped tone 7 is longer than tones 3, 4 and 6 in
citation in Zhangzhou.

e Incomparison to their length realisation in the non-utterance-final position, the stopped
tones have considerably longer durations in the monosyllabic setting. This
phenomenon is considered to be syllable lengthening effect induced by the non-
realisation of obstruent codas in citation. (See Section 4.2.4 for details.)

Therefore, the parameter of length is important in characterising Zhangzhou citation tones. The
variation of length realisation can help enhance the perception and identification of a specific tone
and its corresponding pitch realisation in Zhangzhou. For example, if a syllable is produced with
the longest duration, it is predicted to have a level pitch contour. If a syllable is produced with the
shortest duration, it is thought to be in tone 6.

4.2.2. Vowel quality

Vowel quality is observed changing with tonal categories in Zhangzhou. The high vowels undergo
an active alternation between monophthongs in the unstopped tones and diphthongs in the stopped
tones in Zhangzhou. On the other hand, the non-high vowels (either mid or low) are realised
consistently as monophthongs without changing their qualities across different tones, but the mid
vowels are not found in the stopped tones. Table 4-14 shows the vowel quality realisations with

respect to Zhangzhou citation tones.

Table 4-14. Examples of vowel quality realisation with respect to Zhangzhou monosyllabic citation tones

Tone High vowel /i/ High vowel /u/  Mid vowel /e/ Low vowel /o/

Unstopped 1 [%i::35] ‘he/she’  [Ju::35] ‘lose’ [ke::35] ‘chicken’  [to::35] ‘capital’

2 [?i::22] ‘move’ [Ju:22] ‘word”  [te::22] ‘question’  [to::22] ‘map’

3 [2i51] ‘chair’ [Ju51] ‘history’  [te51] ‘short® [ta51] “block’
4 [?ii41] ‘intention’  [fu4l] ‘four’ [te41] ‘emperor’ [to41] ‘contest’
5 [?i::33] ‘play’ [Ju::33] ‘affair’  [te::33] ‘land’ [to::33] ‘degree’

8 [tei::22] ‘tongue’  [tvu::22] ‘piece’ [the::22] ‘take away’ *

Stopped 6 [?ig41] ‘one’ [Juy4l] ‘whip’ * [t341] ‘govern’
7 [?%ig:221] ‘bathe’  [fuyx:221] ‘skill> * [t2:221] “poison’

In Table 4-14, the high front vowel /i/ is realised as a diphthong [ig], and the high back vowel /u/
is realised as a diphthong [ux] in the stopped tones 6 and 7 while both are realised as

monophthongs in other non-stopped tonal environments.

Thus, tones motivate a diphthongisation process in the high vowels in Zhangzhou; conversely,
this diphthongisation process helps enhance the perception and identification of specific tones

and vowels. For example, the diphthongisation indicates high vowels in the stopped tones.
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Nevertheless, the question remains with respect to why the high vowels undergo the
diphthongisation process in the stopped tones. | suggest such a high-vowel diphthongisation
process is essentially one of the phonetic effects induced by the non-realisation of obstruent codas

in the monosyllabic context, as discussed in Chapter 3 and in following section 4.2.4.

4.2.3. Voice quality

Phonation also plays a role in characterising Zhangzhou citation tones. The non-modal
phonation—creaky and breathy—occurs consistently as allophonic variants of modal phonation
in Zhangzhou, but their distribution is conditioned by both vowel quality and tone. As Tables 4-
14 and 4-15 show, the vowel quality largely constrains the realisation of voice quality. The
breathy voice tends to occur only on the high vowels while the creaky voice dominantly occurs

on the low vowels. The modal phonation generally dominates on the mid vowels.

Table 4-15. Voice quality realisation with respect to Zhangzhou vowels and tones

High vowel Mid vowel Low vowel
Tone Pitch fil, lu/ lel, le/ e/, lel, /o]
1 mid rising [35] breathy modal modal
2 mid-low level [22] breathy modal modal
3 high falling [51] breathy modal/creaky creaky
4 mid-high falling [41] breathy modal/creaky creaky
5 mid level [33] breathy modal modal
6 stopped mid-high falling [41] creaky * creaky
7 stopped mid-low level [221] creaky * creaky
8 mid-low level [22] breathy modal modal

Nevertheless, the realisation of voice quality can further vary in certain tonal circumstances. For
example, in the stopped tones 6 and 7, the voice quality of high vowels shifts to creaky from a
breathy voice. In the non-falling tonal environments (tones 1, 2, 5, and 8), the voice quality of
low vowels changes to a modal voice from creaky. As for the mid vowels, the mid vowel [€e] is

occasionally found with a creaky voice in falling pitch, especially among male speakers.

Although the realisation of voice quality is constrained by tone and vowel quality in Zhangzhou,
voice quality enhances the perception and identification of specific tones and vowels. For
example, vowels being produced with a breathy voice indicates they are high vowels and in
unstopped tones. Similarly, low vowels being produced with a modal phonation indicates they
occur either in the rising or level tones. Segments being produced with a modal phonation in the
falling tonal environments indicates they are mid vowels. This suggests a kind of three-register

system based on phonation, although it is not so neat as this.
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Furthermore, the non-realisation of obstruent codas in the monosyllabic setting also condition
vowels that can occur in the stopped tones to be laryngealised, as described in the next section.
Therefore, pitch, vowel quality, voice quality, and syllable codas are dependent on each other to

shape the realisation and distinction of Zhangzhou tones.

4.2.4. Syllable coda

Three types of syllable coda were proposed in Chapter 3: glides (/j, w/), nasals (/m, n, 1/), and
obstruents (/p, t, k/); however, their distribution is asymmetric with respect to tones. The glide,
nasal, and zero codas are aligned with the unstopped tones while the obstruent codas are aligned

with the stopped tones, as shown in Table 4-16.

Table 4-16. The distribution of syllable codas with respect to Zhangzhou citation tones

Tone Pitch Zero Glide Nasal  Obstruent
Unstopped 1 mid rising [35] + + + -

2 mid-low level [22] + + + -

3 high falling [51] + + + -

4 mid-high falling [41] + + + -

5 mid level [33] + + + -

8 mid-low level [22] + + - -
Stopped 6 stopped mid-high falling [41] - - - +

7 stopped mid-low level [221] - - - +

While the obstruent coda serves as an important parameter for distinguishing the stopped tones
from the unstopped tones in Zhangzhou, identifying obstruent codas in the monosyllabic setting
is perceptually difficult, although the bilabial coda [p] is occasionally perceivable in some
speakers’ utterances. Nevertheless, they can generally be identified but without audible obstruent
release when the related syllables are produced in non-utterance-final positions, also referred to
as sandhi positions, in Zhangzhou (see Chapters 6 and 7), as shown in Table 4-17, in which the

superscript f signifies falsetto voice.

The non-realisation of obstruent codas in the monosyllabic setting gives rise to several phonetic
effects on the whole syllables, including syllable lengthening, vowel laryngealisation, high vowel

diphthongisation, and pitch contour depression.

e Comparing length realisation in the non-final position, the related syllables with
underlying obstruent codas have significantly longer duration in the citation form. (See
Chapters 5, 6, and 7 for details.)

e The vowels found in the stopped tones, basically high and low vowels, are all
laryngealised and become creaky, as indicated in Table 4-18.
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e The high vowels /i/ and /u/ undergo diphthongisation and become [ig] and [ux],
respectively, in the stopped tonal environments as discussed in the above section.

e The pitch contours of stopped tones are depressed in association with creaky phonation.
Tone 7 clearly has a similar pitch contour as tones 2 and 8, but its final portion has been
depressed and released as [221], thus being distinguishable from the [22]-pitched tones
2 and 8.

Table 4-17. Obstruent coda realisation with respect to the citation and sandhi forms of Zhangzhou stopped

tones

Tone Example

Citation

Sandhi

6 [sip/ ‘humid’
/kut/ ‘bone’

/kok/ ‘country’

[¢ig41] ‘humid’
[k*ux41] ‘bone’
[k341] ‘country’

[eip65.t0::33] ‘humidity’
[k~uft65.thew::311] ‘bones’
[k37265 ke::24] “country’

7 /tsep/ ‘ten’

[tit/ “straight®

/tok/ ‘poison’

[tse:221] ‘ten’
[tie:221] ‘straight®

[t2:221] ‘poison’

[tsép32.hve41] ‘ten-year-old’

Fn

[tit32.d5::33] ‘straight road’
[t5232. khii41] ‘poison gas’

Table 4-18. Phonetic effects caused by the non-realisation of obstruent coda on preceding vowels of Zhangzhou

speech

Coda Tone High vowel /i/

High vowel /u/

Low vowel /e/  Low vowel /o/

Sonorant 1 [2%i::35] ‘he/she’  [kvu::35] ‘turtle’ [ke::35] ‘glue’  [to::35] “capital’
2 [?i::22] ‘move’ [khwu::22] ‘squat’ [6e::22] ‘numb’  [to::22] ‘map’
3 [2i51] ‘chair’ [kvu51] ‘long (time)* [ke51] ‘crush’  [ta51] ‘block’
4 [%i41] ‘intention’ [kvu41] ‘sentence’ [kedl] ‘teach’  [tp41] ‘contest’
5  [2i:33] ‘play’ [k“u::33] ‘worn’ [ke::33] ‘bite’  [to::33] ‘degree’
8 [tei::22] ‘tongue’  [tvu::22] ‘piece’ [te::22] ‘stepon’ *

Obstruent 6 [%ig41] ‘one’ [k*u¥41] ‘bone’ [kg41] horn’ [t341] ‘govern’
7 [%ig:221] ‘bathe’ [kvuyx:221] ‘slippy’  [6e:221] ‘eye’  [to:221] ‘poison’

In addition, the non-realisation of obstruent codas in Zhangzhou essentially reflects a well-

established tendency in the history of the Sino-Tibetan language family and other languages for

obstruent codas to lenite to a glottal stop and then to rhyme laryngealisation. Because the

articulatory gesture for laryngealisation production involves a raised larynx, it reduces the
supraglottal cavity (Ladefoged, 1971; 2003; Laver, 1980; 1994), conditioning the tongue body to

move downwards and causing the high vowels to inglide to a lower target, giving rise to

diphthongisation.
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Thus, | suggest processes of syllable lengthening, vowel laryngealisation, diphthongisation, and
pitch depression occurring in the stopped tones are motivated essentially by the non-realisation
of obstruent codas. These processes, conversely, make the stopped tones distinguishable from
their corresponding unstopped tones that share similar pitch contours. Therefore, the obstruent
codas also help enhance the perception and identification of the stopped tones and segments in
Zhangzhou. For example, obstruent codas indicate vowels are laryngealised, the high vowels are

diphthongised, and the related tones are either tone 6 or tone 7 in Zhangzhou.

4.2.5. Summary

As described, the tonal realisations of Zhangzhou are multidimensional. Tones differ not only in
terms of pitch but also in other segmental and suprasegmental parameters. Each phonetic
parameter does not independently exist in characterising the tonal contrasts; rather, they interact
with each other in an active and systematic way. Therefore, the phonological tones in Zhangzhou
are essentially a complex of co-varying phonetic features, as shown in Table 4-19.

Thus, a high vowel in tone 1 is expected to have a mid-rising pitch contour, extra-long duration,
and a breathy voice, and it precedes a sonorant coda. Tone 3 indicates a high-falling pitch contour,
a medium duration, a sonorant coda, and three different phonation types: breathy voice for the
high vowels, modal voice for the mid vowels, and creaky voice for the low vowels. Similarly,
tone 6 indicates a mid-high falling contour similar to tone 4, but it has the shortest duration.
Further, all vowels in tone 6 are creaky, and all syllables have an underlying obstruent coda
generally not realised in a monosyllabic utterance. In addition, the high vowels are predicted to
undergo a process of diphthongisation. Tone 8 seems indistinguishable from tone 2 in the
monosyllabic setting with respect to all the parameters shown in Table 4-19, however, it is realised

differently from tone 2 in multisyllabic contexts, as discussed in Chapters 6, 7 and 9.

Such multidimensional realisations of Zhangzhou tones render the conventional definition of
tones as the lexical phonemicisation of pitch distinctions inadequate for understanding their
nature. Thus, conducting a linguistic study of tones does not simply include providing a list of
pitch contrasts but must include exploring how tones are essentially realised and how segmental

and suprasegmental parameters interact in actual use of tones lexically.
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Table 4-19. Auditory properties of Zhangzhou citation tones

Parameter Tone 1 Tone 2 Tone 3 Tone 4 Tone 5 Tone 6 Tone 7 Tone 8
Pitch [35] [22] [51] [41] [33] [41] [221] [22]
Length extra long extra long medium medium extra long short long extra long
High vowel breathy breathy breathy breathy breathy creaky creaky breathy
Mid vowel modal modal modal modal modal * * modal
Low vowel modal modal creaky creaky modal creaky creaky modal
Diphthongisation - - - - - + + -

Coda type sonorant sonorant sonorant sonorant sonorant not realised obstruent not realised obstruent sonorant




4.3. Previous Studies

Numerous descriptions of Zhangzhou citation tones can be seen in the literature (Dong, 1959;
Lin, 1992; Ma, 1994; FCCEC, 1998; ZCCEC, 1999; Gao, 1999; Zhou, 2006; Chen, 2007; Yang,
2008; Guo, 2014; Huang et al., 2016). These previous studies described tones almost exclusively
with respect to one dimension of pitch and identified a seven-way tonal contrast. Nevertheless,
their descriptions differed not only from each other but also largely from the result of this study,
with the exception of Huang et al. (2016), as shown in Table 4-20, where I, II, IIl, and IV
correspond to the Middle Chinese tonal categories of Ping, Shang, Qu, and Ru, respectively, while
a and b represent the Yin and Yang registers, respectively.

Table 4-20. Previous descriptions of Zhangzhou citation tones

Tonel Tone2 Tone3 Toned4 Tone5 Tone6 Tone7 Tone8
Author Year (1a) (Ib) (m (1a) (1b) (Iva)  (Ivb)  (IVvb)

Dong 1959 24 212 53 32 33 32 13 *
Lin 1992 44 13 53 21 22 32 12 *
Ma 1994 44 12 53 21 22 32 121 *
FCCEC 1998 44 13 53 21 22 32 121 *
ZCCEC 1999 44 13 53 21 22 32 121 *
Gao 1999 45 23 53 21 33 21 121 *
Zhou 2006 44 13 53 21 22 32 121 *
Chen 2007 44 13 53 21 22 32 121 *
Yang 2008 44 13 53 21 22 32 121 *
Guo 2014 44 13 53 21 22 31 121 *
Huangetal. 2016 35 22 51 41 33 41 221 *

Thisstudy 2018 35 22 51 41 33 41 221 22

The reason for such descriptive variation is unclear. One may ascribe it to a range of factors, such
as idiolectal or sub-regional differences and between-speaker or between-transcriber variations.
For example, scholars conduct the impressionistic description commonly based on a single
speaker’s utterances; thus, it is perhaps reasonable to see such disagreements and differences as
a result of between-speaker variations. Further, differing transcriptional skills or modifications
can cause the variations in the descriptions; however, there seems no way to determine the specific

reasons.
The existing issue of inconsistent descriptions can give rise to several serious consequences.

e |t leads to questioning the accuracy and reliability of previous pitch transcriptions and
descriptions of monosyllables.

e |t seems unreliable to derive a system of tonal representation of Zhangzhou as a whole
variety on the basis of the inconsistently descriptive results.
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e |t also leads to questioning the accuracy and reliability of previous studies of tone
sandhi, which depend exclusively on such impressionistic results of citation tones.

e |t creates confusion and ambiguous results for tonal modelling. For example, given the
system of Yip (1980), tone 1 can have three different representations, including
[+upper, HH] (Lin, 1992; Ma, 1994; FCCEC, 1998; ZCCEC, 1999; Zhou, 2006; Chen,
2007; Yang, 2008; Guo, 2014); [+upper, LH] (Gao, 1999), and [-upper, LH] (Huang et
al., 2016).

Another important problem with previous studies is that they described tones almost exclusively
with respect to the single dimension of pitch. No descriptive work has investigated the way in
which pitch interacts with other phonetic features to shape the rich and complex paradigm of tonal
distinctions in Zhangzhou. Therefore, we are still far from a satisfactory and sufficient
understanding of the nature of tones in Zhangzhou if we rely simply on previous descriptions.

4.4. Conclusion

This chapter included a systematic description of the auditory properties of Zhangzhou
monosyllabic citation tones. It showed the tonal realisations in Zhangzhou are multidimensional
and each phonological tone of Zhangzhou is essentially a complex of co-occurring phonetic
features. They differ from each other not only in pitch height and contour but also in a variety of
segmental (vowel quality and syllable coda) and suprasegmental parameters (pitch, length, and

voice quality), which interact dependently with each other in a complicated but systematic way.

This description has factored out the problems of inconsistency and inadequacy of the previous
studies and has accomplished one of the primary goals of this thesis that uses modern linguistic
theory to characterise the auditory properties of Zhangzhou tones from multiple speakers’
production. This description supersedes the results of previous research and offers an improved

understanding of the nature of tonal realisations in Zhangzhou.

The description provides a descriptive framework for subsequent quantification of the acoustic
properties of Zhangzhou citation tones in Chapter 5. It also provides a foundation to explore and
explain the interaction of these citation tones in the disyllabic setting in Chapters 6, 7, and 8 and
the mapping between citation and disyllabic tones in Chapter 9.
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Chapter 5: Acoustic Properties of Zhangzhou Citation Tones

Chapter 4 reveals that tonal realisations of Zhangzhou citation tones are multidimensional from
the auditory point of views. This chapter aims to explore what Zhangzhou citation tones are
essentially realised in acoustics, with the additional goal of examining the accuracy of auditory
observations and classifications. The theory of articulatory phonetics is drawn upon to explain
how different vocal tract shapes and actions contribute to the acoustic variation for different tonal
production. Pairwise t tests and hierarchical clustering algorithms were employed to determine
how many normalised FO and duration levels are contrastive among Zhangzhou citation tones.
The SplitsTree software was used to address how Zhangzhou citation tones are related to each
other from the phonological perspective.

5.1. Acoustic Variation in Tonal FO and Duration

Chapter 4 revealed a considerable amount of variation with respect to the pitch and length
realisations of Zhangzhou citation tones across individual speakers. The auditory observation is
acoustically justified by the quantified results of the raw mean FO shapes of individual citation
tones as a function of raw mean duration across the 21 speakers (plotted in Figure 5-1). The values

shown in the figures are absoluate mean values without normalisation.

Throughout Figure 5-1, the results from male speakers are shown in the left panels and the
plottings from female speakers, except LZP and ZBQ, are shown in the right panels. Vertical lines
across individual FO curves indicate one standard deviation away from the mean values at the

sampling points concerned.
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Figure 5-1. Raw mean F0 shapes of Zhangzhou citation tones for individual speakers.
As indicated in Figure 5-1, several notable aspects show numerically significant differences
across speakers, for example, in the distribution of FO ranges, individual FO curves, and individual

FO curve duration.

5.1.1. Acoustic differences in FO range
Female speakers largely have a greater FO range than male speakers because of the shorter and

less massive structure of their vocal folds (Rose, 1987, 2000). As summarised in Tables 5-1 and
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5-2, the average FO range of Zhangzhou male speakers is 180 Hz, which is about three quarters
the average female FO range of 235 Hz. Nevertheless, exceptional cases do exist. Male speakers
HZB and WYF had a noticeably greater FO range than many female speakers, such as CSM, HHX,
HYH, LCH, and YML.

Further, significant inter-gender differences also occur in terms of the average FO range. For
example, the male speaker HZB has the widest FO range of 267 Hz, which is nearly 2.5 times
greater than that of HMC, with the narrowest FO range of 107 Hz. Similarly, the female speaker
LRX has the widest FO range of 388 Hz, more than 2.5 times greater than the narrowest FO range
of 149 Hz of LCH.

Given the significant inter- and intra-gender differences in the FO range, it is not surprising to
observe that tones belonging to different categories have similar FO realisation among speakers,
even when one speaker’s mid-level tone is acoustically lower than another speaker’s mid-low-
level tone. For example, the mid-level FO contour (tone 5) of female speaker LCH is lower than
the mid-low-level FO contours (tone 2) of most other females, except CSM, LZP, and YML.

Table 5-1. FO ranges of Zhangzhou male speakers (Hz.)

FO HMC HTR HYS HZB LMY LYY WG WYF YBR Ave

Max 184 222 170 344 251 250 217 301 249 258
Min 77 75 78 77 77 78 83 80 77 78
Range 107 147 92 267 174 172 134 221 172 180

Table 5-2. FO ranges of Zhangzhou female speakers (Hz.)

FO CSM HHX HJH HQM HSX HYH LCH LRX LRZ LZP YML ZBQ Ave

Max 260 304 319 343 357 298 232 480 307 350 262 363 326
Min 88 126 88 83 79 106 83 92 94 83 83 89 91
Range 172 178 231 260 278 192 149 388 213 267 179 274 235

5.1.2 Acoustic differences in FO realisation

Considerable variations also occur with respect to the FO realisation of Zhangzhou citation tones,
which seem less gender sensitive but rather speaker dependent. In terms of FO contour shapes,
variations are most apparent in tones 2, 7, and 8. For example, tone 7 was largely realised as a
mid-low-falling contour, but speakers differ slightly concerning the point where the slope start to
occur. Some speakers (HJH, HSX, LRX, YML, ZBQ, WYF) show a mid-low-level plateau during
the greater part of the contour but with a final fall while some other speakers (HTR, WJG, HHX,

HQM) present a low-level plateau but with an initial fall. Exceptional realisations of low level
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(HYS, HZB, LMY, YBR, LRZ), low fall (HMC, LYY, CSM, LCH, LZP), and low-dipping
(HYH) also occur (Figure 5-1).

As for the contour relative height, a substantial degree of between-speaker variation can also be
observed, especially in the rising contour (tone 1) and the stopped mid-high falling contour (tone
6). For example, the offset heights of FO contours show notable variation in tone 6 among
speakers. It is dominantly realised as a mid-high falling contour, with the lowest FO offset, but
some speakers realise it with a slightly higher offset (HTR, HYS, HZB, HQM, WJG, LYY, YBR,
ZBQ) or with a much higher offset (LMY, LZP).

5.1.3. Acoustic differences in length realisation

The acoustically quantified result of tonal absolute length values also shows notable variations
across tones and across speakers, as shown in Table 5-3 for male speakers and in Table 5-4 for
female speakers. In general, female speakers tend to have a longer duration than their male
counterparts for most citation tones; however, exceptional cases can also be seen with respect to
individual speakers. For example, the duration values from male speakers WYF and YBR appear
greater than the values from some female speakers, such as CSM, HJH, and HQM.

As for the individual tones, tone 6 appears the shortest among the eight citation tones for all male
and female speakers. The duration values of tones 3 and 4 are largely similar to most speakers,
which is slightly shorter than tone 7 but significantly shorter than the rest of other tones. Tones 1,
2, 5, and 8 apparently have much longer duration, but the ranking among them tends to be speaker-
independent. For example, speakers MHC, and HQM have very similar duration values for these
four tones. Speakers LYY, ZBQ, and LRZ have the largest duration value for tone 2. Speaker
WIJG has the longest duration in tone 5; while many female speakers, such as CSM, HHX, HYH,
LCH, LRX, and LZP, present the largest duration values in tone 8.

As indicated, the length realisation of Zhangzhou citation tones also presents various variation as
a consequence of significant inter- and intra-gender effects. In addition, the length tends to have
different scales with respect to different tonal categories. However, substantial statistical tests are
needed in order to derive a length system representing Zhangzhou tonal speech, and to examine
whether the internal relation between tonal duration and FO in Zhangzhou also reflects the across-
linguistic tendency of an inverse association or presents a language-specific pattern. This issue
will be mainly addressed in Section 5.3.1 for citation tones, and in Chapters 7 and 8 for disyllabic

tones in Zhangzhou.
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Table 5-3. Raw mean duration values of Zhangzhou citation tones among male speakers (csec.)

Dur. HMC HTR HYS HZB LMY LYY WIJG WYF YBR Ave
Tonel 251 313 286 293 316 393 282 385 417 326
Tone2 252 273 277 333 368 431 237 457 426 339
Tone3 218 226 206 247 266 267 221 337 342 259
Tone4 201 192 205 267 255 257 194 336 347 250
Tone5 256 298 289 325 326 409 301 449 407 34.0
Tone6 139 125 130 154 119 158 137 259 186 156
Tone7 227 271 236 290 314 308 206 406 37.8 29.3
Tone8 257 312 283 352 371 371 288 448 425 345

Table 5-4. Raw mean duration values of Zhangzhou citation tones among female speakers (csec.)

Dur. CSM HHX HJH HQM HSX HYH LCH LRX LRZ LzZP YML ZBQ Ave
Tl 226 420 258 226 369 436 378 289 331 374 483 320 342
T2 247 447 295 222 363 513 399 330 366 466 444 363 371
T3 180 355 229 184 312 317 276 219 252 247 312 263 26.2
T4 161 333 213 168 267 308 269 213 220 276 271 250 246
T5 25.0 443 292 225 343 468 381 335 347 413 465 344 359
T6 9.7 237 150 124 212 194 189 155 171 130 140 187 166
T7 215 418 259 193 339 433 326 285 261 327 364 288 309
T8 266 488 286 226 362 522 411 345 344 518 491 330 382

5.1.4. Summary

As described, although the acoustic signals were readily quantifiable, they inevitably contained
the imprints of individual vocal tract differences and other extralinguistic information, giving rise
to inter- and intra-gender variations in the quantified results. Therefore, one single speaker was
insufficient to represent a language as an individual variety. Given this acoustic variability, it is
necessary to apply normalisation to abstract the speaker-dependent acoustic material and to
extract, as much as possible, the linguistic-phonetic contents that entwined in speech signals in

order to derive a system representing the variety being considered as a whole.

5.2. Z-Score Normalised FO Model

This section aims to achieve a linguistically-phonetic FO representation of Zhangzhou citation
tones by applying the methods of acoustic quantification, normalisation, and statistical testing. It
also examines the plausibility of the auditory observations made in Chapter 4. Two specific issues
are mainly addressed: (1) what individual citation tones are realised in terms of z-score normalised

FO from 21 speakers, and (2) how many normalised FO levels are contrastive.

The methodology introduction can be referred back to sections 2.4 and 2.5 in Chapter 2. The

normalised FO values, as well as the statistical testing results, are provided in Appendix B.
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5.2.1. Z-score normalised FO

Figure 5-2 shows the z-score normalised FO contours of individual citation tones as a function of
their corresponding normalised duration values from 21 speakers. All but tone 1 showed a
downward trend over the course of utterances. Such a FO declination has been cross-linguistically
reported in the literature (e.g., Lieberman, 1967; Pierrehumbert, 1989; Maeda, 1976; Cohen &
Collier, 1982; Ladd, 1984; Yuan & Liberman, 2010; Rose, 2014), and the reasons are argued from
different perspectives, for example, drop in subglottal pressure and laryngeal tension (Lieberman,
1967; Pierrehumbert, 1987) or the tracheal pull hypothesis (Maeda, 1976).
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Figure 5-2. Z-score normalised FO contour of individual Zhangzhou citation tone as a function of normalised
duration from 21 speakers.
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Therefore, taking into account the FO declination effect is imperative in plotting the acoustic
correlate of tonal pitch. Figure 5-3 shows the result of the FO declination adjustment, rendering
level contours as effectively level and the slope of the contoured tones not as steep as those shown
in Figure 5-2. The curves in Figure 5-3 thus constitute the linguistically phonetic FO system of
Zhangzhou citation tones, representing the central tendency of Zhangzhou as an independent
variety. The system includes one rising (tone 1), three level (tones 2, 5, and 8), one mid-low level
with a final fall (tone 7), and three falling contours (tones 3, 4, and 6). The normalisation index
(NI) of 8.58 indicates more than eight folds of speaker-dependent variances entwined in the raw
FO values have been reduced by the z-score normalisation.
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Figure 5-3. A linguistic-phonetic FO representation of Zhangzhou citation tone system from 21 speakers.

5.2.2. Statistical testing

As described, Zhangzhou has a relatively simple FO inventory in terms of contour shape; however,
how many normalised FO levels are categorically distinguished, and how can they be determined
scientifically? Each normalised FO contour has two putative targets of onset and offset; thus, they
logically may have 16 (= 2 * 8) putative levels, as indicated in Figure 5-4. The left panel shows
the variations of normalised FO levels at the 10% sampling point (onset) while the variations at
the 100% sampling point (offset) are shown on the right. Given the logically possible 16
normalised FO levels, how do we decide which level is categorically higher than others and which
levels are categorically the same?
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Figure 5-4. Variation of normalised FO levels at both 10% and 100% sampling points by 21 speakers.

To address this issue, the technique of pairwise t tests was applied to compare 120 (=16*15/2)
paired differences, as shown in Table B3 in Appendix B, under the assumption that all putative
FO levels are independent and identically normally distributed. The Bonferroni corrected alpha of
0.00041667 (=0.05/120) was performed to achieve significance. To visualise the testing result,
the hierarchical clustering algorithm was further applied to generate a network reflecting the
relation between all logically possible putative FO levels for the eight citation tones, as shown in
Figure 5-5. The vertical lines represent the amount of statistically significant difference in terms
of normalised FO values across 16 putative targets. The horizontal lines instead indicate which
citation tone connects to which other tone. For example, tone 3 at the 10% sampling point

connects to tone 1 at the 100% sampling point in the normalised FO value.

Nevertheless, the population size of 16 putative targets creates a difficulty for the threshold
selection to cluster the targets into different classes. For example, selecting a threshold at 1, as
mostly used in this thesis (see later chapters), would isolate tone 1 at the 10% sampling point
forming a separate FO level and would create six levels for the FO system of Zhangzhou citation
tones. Taking into consideration the factors of acoustic quantified result, auditory impression, and
typological properties of the tonal system, it is appropriate to modify the threshold to 1.5 and

cluster these putative points into five reasonable levels as shown in the figure.

The levels have been further ranked in sequence from the highest (5) to the lowest (1) in
accordance with the acoustic quantified and normalised result. For example, the normalised FO
value of tone 3 at the 10% sampling point clustered with the normalised FO value of tone 1 at the
100% sampling point, and both are ranked at the highest level. On the contrary, the normalised

FO offset of falling tones 3, 4, 6, and 7 clustered at the lowest level.
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Figure 5-5. Clustering of normalised FO levels of Zhangzhou citation tones at 109 and 100% sampling points
based on pairwise t tests.

5.2.3. Summary

On the basis of the acoustic quantifying, statistical testing, and clustering result, the invariant
linguistic-tonetic FO information of Zhangzhou citation tones can be indicated using numerical
notation, with 5 indicating the highest FO level and 1 the lowest, as shown in Table 5-5. The
system represents the central tendency of Zhangzhou as an independent variety. What is worth
further mentioning is why the FO contour of tone 7 is transcribed as [221] rather than [22]. The
major reason for the treatment is that over 70% portion of the FO contour of tone 7 is overlapped
with that of tones 2 and 8 and present a mid-low level tendency, but tone 7 has a statistically
significant lower offset which is claimed to be depressed by the articulation of creaky phonation

(see Section 5.3.2 for acoustic details). It is thus proper to denote the FO contour of tone 7 as [221]
rather than [21].

Table 5-5. The linguistically phonetic FO system of Zhangzhou citation tones

Tone FO contour description Numerical representation
1 mid rising [35]
2 mid-low level [22]
3 high falling [51]
4 mid-high falling [41]
5 mid level [33]
6 stopped mid-high falling [41]
7 stopped mid-low level [221]
8 mid-low level [22]

In addition, as Table 5-3 shows, the pitches of tones 2 and 8 were statistically indistinguishable,

with both presenting a mid-low level contour [22]. Similarly, the normalised FO contours and
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heights of tones 4 and 6 were also statistically indistinguishable. Thus, distinguishing tone 2 from
tone 8 and tone 4 from tone 6 is not statistically possible in terms of the single parameter of
normalised FO. This generalisation justifies the auditory observation in Chapter 4 that the single
dimension of pitch is not sufficient to distinguish Zhangzhou tones. Therefore, other phonetic
parameters should be taken into account for the exploration of the nature of Zhangzhou tonal

contrasts, as discussed in the rest of this chapter and later chapters.

5.3 Interactions Among Acoustic Parameters

Chapter 4 indicated the auditory realisations of Zhangzhou tones are multidimensional, involving
a variety of segmental and suprasegmental parameters beside pitch. This section adopts the
acoustic and statistical methods to examine the length realisation of Zhangzhou citation tones and
the statistical relation among different normalised levels. It also uses the theories of acoustic and
articulatory phonetics to explore and explain how these parameters interact to shape the tonal
contrasts in acoustic signals and how the acoustic manifestations of various parameters vary along

with the adjustments of articulatory configuration for different tonal productions.

5.3.1. Duration

The tonal length was described in Chapter 4 as changing with respect to tonal categories in
Zhangzhou, although speakers had slight differences in terms of the number of length levels and
length ranking across different tones. This subsection aims to obtain a linguistically acoustic
length system of Zhangzhou citation tones by addressing two specific issues: (1) what individual
citation tones are realised in terms of normalised duration from 21 speakers, and (2) how many

normalised length levels are contrastive statistically.

The bars in Figure 5-6 present the acoustic quantification results of tonal duration from 21
speakers, which are expressed as a percentage of the average duration value of all citation tones.

The normalised duration values for each tone appear in Appendix B (Tables B4).

| I I
D.S- I i
0.0-

tonel tone2 tone3 tone4 tones toneé toﬁe? toﬁes

mean

Figure 5-6. Normalised FO duration of Zhangzhou citation tones from 21 speakers.

103



As Figure 5-6 shows, tonal length does vary across different tones. Tone 6 had the shortest
duration, while the level contours (tones 2, 5, and 8) tended to be the longest and the falling
contours (tones 3, 4, 6, and 7) tended to have shorter durations than both rising (tone 1) and level
(tones 2, 5, and 8) contours in Zhangzhou. However, whether the length differences of the eight
citation tones are statistically significant needs to be tested by conducting exhaustive comparisons
on 28 (=8*7/2) pairs with the Bonferroni corrected alpha of 0.00186 (=0.05/28) to control for the
Type | Error. The assumption for the pairwise t tests is that the paired duration differences are
independent and identically normally distributed.

The statistical testing result was tabulated in Appendix B (Tables B5) for reference, and was also
visualised hierarchically as shown in Figure 5-7 using the clustering algorithms. The threshold
selected at 1 further clusters the eight citation tones into four different classes with 1 representing
the longest and 4 the shortest, in accordance with the acoustic quantified and normalised result.
For example, the length of tone 6 represents the shortest level, while tones 1, 2, 5, and 8 cluster
together and are among the longest. Therefore, a linguistic-tonetic length representation of
Zhangzhou citation tones is derived as shown in Table 5-6.

Height

j

toned

0
tone3 J

tonel ——
tones
tone2
toned

+ | tones
2 | tone7

1

Figure 5-7. Clustering of normalised tonal length levels by pairwise t tests based on pairwise t-tests.

Table 5-6. A linguistically phonetic length system of Zhangzhou citation tones

Tone  FO contour Length Notation Length ranking
1 mid rising [35] extra long [V:] 1

2 mid-low level [22]

5 mid level [33]

8 mid-low level [22]

7 stopped mid-low level [221] long (V] 2

3 high falling [51] medium [V] 3

4 mid-high falling [41]

6 stopped mid-high falling [41] short [V] 4
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In addition, some generalisations can be made concerning the statistical relation among different

normalised length levels with respect to tonal categories and pitch.

e No statistically significant differences existed among level contours (tones 2, 5, and 8)
and among unstopped falling contours (tones 3 and 4), failing to support the
measurably positive interaction between the raw mean values of FO height and FO
duration in Zhangzhou and the cross-linguistic assumption of an inverse correlation
between pitch height and duration.

e The rising contour (tone 1) was statistically grouped with the level contours but was
longer than any other falling tones, supporting the universal assumption that an upward
FO has a marked tendency to take longer time than a downward change (Gandour, 1977;
Ohala & Ewan, 1972).

e The stopped tones were consistently statistically significantly shorter than their
corresponding unstopped tones that share similar FO realisation, supporting both the
auditory observation in Chapter 4 and the acoustic quantified result in Section 5.1.3.

e The stopped tone 7 of a mid-low-level contour with a final fall was statistically shorter
than both rising and level contours but longer than other types of falling contours,
supporting the auditory observation in Chapter 4 that the stopped tone is not always the
shortest but can be longer than many other tones.

Therefore, the parameter of length is apparently an important part of tonal realisations in
Zhangzhou. It can function with the parameter of pitch/FO for categorising tonal contrasts.

5.3.2. Vowel quality

In Chapter 4, the vowel quality of high vowels—/i/ and /u/—was observed undergoing alteration
with respect to tone in Zhangzhou. They are realised as monophthongs [i] and [u] in the non-
stopped tones but are diphthongised to [ig] and [ux], respectively, in the stopped tones 6 and 7.
From the articulatory point of view, the diphthongisation process indicates two articulatory
trajectories during the articulation of related sounds (Laver, 1994; Harrington, 2010; Lorenz,
2013). In the case of Zhangzhou, the tongue tends to move from a more peripheral area of the

vocoid space towards a lower and more central zone of the speaker’s oral cavity.

According to the acoustic theory of speech production, diphthongisation indicates that the
acoustic correlates of vowels—mainly the first two formants (F1 and F2)—change as a function
of time (Johnson, 2011; Ladefoged, 2003; Baart, 2010). The acoustic realisation of Zhangzhou
vowel quality with respect to the citation tones is illustrated in the following figures. Since no
mid vowels were found in the stopped tonal environments, only the high and low vowels are

shown below.

In Figure 5-8, the two monosyllabic morphemes have the same high vowel /i/ at the underlying
level and similar falling FO contour at the surface level, but they present different formant patterns.
In the token /?i4/ ‘intention’, the F1 and F2 curves are relatively steady without significant

changes across the whole duration. The relatively steady formant patterns of F1 and F2 indicate
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the tongue remains in the same position during the articulation. Therefore, this high vowel /i/ is

realised as a monophthong in this unstopped tone.

Nevertheless, in the token /?it6/ ‘one’, the F1 and F2 change gradually once the peak of sonority
is reached. For example, at the 10% point, the frequency values for F1 and F2 are 365 Hz and
2145 Hz, respectively, but at the 90% point, the F1 value is raised to 465 Hz while the F2 value
is lowered to 1827 Hz. The increasing F1 value indicates a lowering trend of tongue movement
while the decreasing F2 value indicates a backward movement of the tongue. Therefore, during
the articulation of the token, the tongue moves to a lower and more central position so that this

high vowel is realised as a diphthong [ig] in this stopped tone.

/?i4/ 'intension' /2it6/ 'one'

Figure 5-8. Acoustic realisations of high vowel /i/ in the unstopped tone 4 and stopped tone 6 (WYF, male).

In Figure 5-9, the two morphemes have the same high vowel /u/ at the underlying level with
similar FO realisations, but their formant patterns are quite different from each other. In the token
Ipud/ ‘wealthy’, the F1 curve is essentially stable across the utterance while the F2 curve is largely
steady but with reasonably slight fluctuation during the final portion. For example, the F1 and F2
values are 454 Hz and 956 Hz, respectively, at the 10% sampling point but are 394 and 909 Hz,
respectively, at the 90% sampling point. The relatively stable formant patterns indicate the tongue
largely remains at the same position during articulation; thus, this high back vowel /u/ is realised

as a monophthong [u] in this unstopped tonal environment.

Further, in the token /kut6/ ‘bone’, both F1 and F2 curves show an upward change during the
second half of the utterance. At the 10% sampling point, the F1 and F2 values are 392 Hz and 947
Hz, respectively, but at the 90% sampling point, the values are increased to 533 Hz and 1387 Hz,
respectively. The increasing F1 indicates a downward movement of the tongue while the

increasing F2 curve indicates a fronting tongue movement. Therefore, the production of this token
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involves two articulatory trajectories, and this high back vowel /u/ is realised as a diphthong [ux]

rather than a monophthong [u] in this stopped tone.

F2
F1 W

/pud/ 'wealthy' /kut6/ 'bone'

Figure 5-9. Acoustic realisations of high vowel /u/ in the unstopped tone 4 and stopped tone 6 (WYF, male).

In Figure 5-10, the two morphemes have the same underlying low vowel /e/ and similar falling
FO contour at the surface level. Their F1 and F2 curves both present as relatively stable across
time, except the first 10% portion shows a dynamic contour as an influence of the pre-vocalic
articulation of the velar stop. The consistently similar and steady manifestations of formant

patterns indicate a monophthong realisation of the low vowel /e/ across both unstopped and

stopped tones.

v
1) ‘ " v
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ey i bbb 2
/ked/ 'teach’ /kek6/ 'horn'

Figure 5-10. Acoustic realisations of low vowel /e/ in the unstopped tone 4 and stopped tone 6 (WYF, male).

Therefore, high vowel diphthongisation with respect to stopped tones in Zhangzhou is basically
supported acoustically and articulatorily. Changing the position of the tongue during the
production of utterances gives rise to the acoustic correlates of formant patterns changing as a

function of time. However, conducting a systematic acoustic quantification of vowel quality is
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imperative for a deeper understanding of the correlation between vowel quantity and tones, which

has been proposed as a promising direction for further studies in Chapter 10.

5.3.3. Voice quality

In Chapter 4, the non-modal voice qualities of creaky and breathy were perceived as allophonic
variants of modal phonation in Zhangzhou, with a distribution conditioned by both vowel gquality
and tone. The breathy voice is more likely to occur on the high vowels while the creaky phonation
tends to occur on the low vowels in falling contours. From the articulatory point of view, the
dynamic realisation of phonation with respect to vowel quality and tone in Zhangzhou effectively
has robust articulatory bases (Ladefoged, 1971, 2003; Laver, 1980, 1994; Lotto et al., 1997;
Thurgood, 2000; Gordon & Ladefoged, 2001), as shown in Table 5-7.

Table 5-7. Articulatory configurations for non-modal phonation production in Zhangzhou

Parameter Creaky Breathy

Correlation pitch contour falling no restriction in unstopped tones
vowel guality low high

Laryngeal laryx tense/raised lax/lowered
glottis tightly adducted abducted

vocal fold structure thick and compressed  weak medial compressed

vocal fold vibration irregular and slow inefficient and loose
Supraglottal supraglottal cavity  reduced distended

tongue root retracted advanced

tongue body lowered raised
Transglottal airflow low rate high rate (frication noise)

From the acoustic point of view, the variation of articulatory configurations for the non-modal
production gives rise to corresponding changes in the acoustic signals (Johnson, 2011; Baart,
2010; Ladefoged, 2003). The Figures 5-11, 5-12, and 5-13 show how the acoustic realisations of
voice quality change with respect to the adjustments of laryngeal and supraglottal configuration
and the mode of transglottal airflow for different vowels (high, mid, and low) and tonal production
(rising, level, and falling) in Zhangzhou. The left panel of each figure shows the shape of glottal
pulses while the right panel presents their corresponding spectral tilts, especially the amplitude
differences between the first harmonic and the second harmonic (H1-H2), one of the most reliable
acoustic parameters for phonation distinction (Stevens, 1977; Huffman, 1987; Holmberg et al.,
1995; Andruski & Ratliff, 2000; Ladefoged, 2003; Baart, 2010; Johnson, 2011; Esposito, 2012).

The waveforms and spectral slices are extracted from the last 10% of the related sounds.
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Figure 5-11. Phonation realisations of high vowel /i/ in rising, level, and falling FO contexts (WYF, male).

Figure 5-11 shows the voice quality realisation of the high vowel /i/ in three different FO
environments. The waveforms on the left are always superimposed by random and rapid
fluctuations across time, regardless of whether the FO contour is rising, level, or falling. Such
glottal frication occurs as a consequence of the persistent leakage of airflow passing through the
abducted glottis during vibration (Ladefoged, 1971, 2003; Laver, 1980, 1994; Lotto et al., 1997,
Thurgood, 2000; Gordon & Ladefoged, 2001). In addition, the amplitude of the first harmonic
(H1) is always higher than that of any other harmonics in the spectra. In other words, the
amplitude descends as a function of the increase of frequency. This positive spectral tilt of H1-
H2 reflects an increased open quotient and a less abrupt glottal closing gesture because the vocal
folds are abducted with an incomplete closure during each vibration cycle, causing energy to be
distributed dominantly in the fundamentals and to decrease in the higher frequency regions
(Stevens, 1977; Huffman, 1987; Holmberg et al., 1995; Andruski & Ratliff, 2000; Ladefoged,
2003; Baart, 2010; Johnson, 2011). Therefore, the high vowel consistently presents typical
acoustic characteristics of breathy voice: glottal frication and steeply positive spectral tilt of H1-

H2 in the three tonal environments.

109



[ke::35] 'chicken' [ke::35] 'chicken'
0.426 = —
jan
S~
m
T 407
T}.» HI1 s
~
0 e
7 204
3]
a j‘
; M
5
0150 g 0 Tl
’ J7.13 Time (s) 7.15 0 Frequency (Hz) 7000
. [te::22] 'hoof’ [te::22] "hoof"
0.161 = B
:E 404 -
2 mpl
ko)
=
=2
0 v 20
2
3
g
P |l
=)
-0.1685 ¢ L
8.2 Time (s) 8.22 0 Frequency (Hz) 7000
[ped1] "eight’ [ped1] 'eight'
0.3018 = —H2
T 409 s
o HI
=)
F
@ 204
0 g
=}
7
5
) 01 ﬂ
5 Mﬂm
2
-0.2876 & ﬂ.n
9.03 Time (S) 9.05 0 Frequency (HA) 7000

Figure 5-12. Phonation realisations of mid vowel /e/ in rising, level, and falling FO contexts (WYF, male).

Figure 5-12 shows the voice quality realisation of the mid vowel /e/ across three different FO
contours. The intervals among glottal pulses are relatively evenly spaced, and the waveforms are
not superimposed by intense and rapid frication across time or across different FO contours. In the
spectra, the amplitude of the second harmonic (H2) is always higher than that of its surrounding
harmonics (e.g., H1 and H3). The acoustic manifestations indicate, during the production of the
mid vowel, the vocal folds vibrate in a regular mode. Therefore, the mid vowel consistently
presents acoustic characteristics of the modal phonation, regardless of the shape of FO contours:

regular glottal pulses and steeply negative spectral tilt of H1-H2.
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Figure 5-13. Phonation realisations of low vowel /¢/ in rising, level, and falling F0 contexts (WYF, male).

Figure 5-13 shows the voice quality realisation of the low vowel /e/. In the rising contour [35],
the glottal intervals in the waveform are regular and evenly spaced, and in the spectrum, the H2
is higher than the H1, indicating a modal voicing [e] with regular vocal fold vibrations. In the
level tonal environment [22], the glottal intervals are also regular, and no effect of glottal friction
is seen in the waveform. In the spectrum, although the H1 tends to be higher than H2, unlike the
breathy high vowel, whose amplitude descends as the frequency increases, the amplitude of this
vowel basically increases across the low- and-mid frequency regions as shown in the rising

contour environment. Thus, the low vowel in this context is articulated with a modal voice.

However, in the falling contour [41], both the waveform and spectrum vary differently. The vocal
pulses are aperiodic and unevenly spaced, indicating the vocal folds vibrate at a relatively low
and less frequent rate (Stevens, 1977; Huffman, 1987; Holmberg, et al., 1995). In the spectrum,

the amplitude neither increases nor decreases dramatically during the first two harmonics but

111



drops sharply in the third harmonic and increases across the low-mid frequency region. This
spectrum indicates a decreased open quotient and a more precipitous closure gesture (Stevens,
1977; Huffman, 1987; Holmberg, et al., 1995). Therefore, the low vowel presents the acoustic
manifestations of creaky voice in the falling contour: irregular glottal pulses and near-zero
spectral tilt of H1-H2.

As indicated, the acoustic manifestations of waveform and spectral tilt appear able to distinguish
three different types of phonation in Zhangzhou. The manifestations of spectral tilt for the non-
modal phonation of breathy and creaky are consistent with previous findings in many other
languages. For example, White Hmong (Esposito, 2012), Jalapa Mazatec (Garellek & Keating,
2011), Green Mong (Andruski & Ratliff, 2000) and San Lucas Quiavini Zapotec (Gordon &
Ladefoged, 2001) all show a steeply positive value of H1-H2 for the breathy voice, and a small
magnitude around zero for the creaky phonation, as found in Zhangzhou.

However, the magnitude of H1-H2 for the modal phonation tends to be variable across languages
as a consequence of various constraints, including vowel quality and gender. For example, in
Green Mong, the average H1-H2 amplitude for modal voice varies across vowels with a negative
value for high vowel /i/, a negative value for back vowel /u/, while a value near zero for low vowel
/al (Andruski & Ratliff, 2000). In the language of Yalalag Zapotec, female speakers tend to have
a positive value for the modal voice while male speakers are more likely to present a negative
value (Avelino, 2010). In Zhangzhou, the split tilt of modal sound also presents a language-
specific property, for example, it consistently shows a negative value across mid vowel /e/ of
different FO contours, and across low vowel /e/ of rising FO contour in this male speaker (WYF)’s
production. A negative H1-H2 value can thus be considered as a relatively reliable cue to

distinguish modal from non-modal phonation.

In summary, the changes of voice quality with respect to vowel quality and tone in Zhangzhou
are understandable from the perspectives of acoustic and auditory phonetics, and are reliable
concomitants of realisations of Zhangzhou tones. However, conducting sophisticated acoustic
guantifications of various parameters, including jitter, shimmer, cepstral peak prominence, H1-
Al, and other dimensions, as well as articulatory experiments is imperative for a fuller
understanding of the function of phonation in Zhangzhou tonal production, which is a promising

direction for future studies.

5.3.4. Syllable coda

Chapter 4 indicated the obstruent codas tend not to be realised in the stopped tones in the
monosyllabic setting, but the bilabial coda is occasionally perceivable. From the articulatory point
of view, the non-realisation of obstruent codas indicates the appropriate active articulator is not
manipulated to form a complete oral constriction with the passive articulator at a particular point
along the vocal tract (Ladefoged, 1971; Laver, 1994; Bickford & Floyd, 2006; Gick et al., 2013).
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From the acoustic point of view, it indicates the formant patterns are not dramatically transited to
a particular frequency range as a consequence of the influence by the postvocalic obstruent
production (Stevens & Klatt, 1974; Reetz & Jongman, 2009; Baart, 2010).

Figure 5-14 shows the acoustic realisation of Zhangzhou obstruent codas in the monosyllabic
setting. The three morphemes have the same low vowel /e/ and tone 7 at the underlying level, but
differ in types of obstruent codas. As shown in the spectrograms, the formant patterns are largely
steady without significant changes across the three morphemes. No formant transition can be seen
during the last 5% portion of the curves, although a slight degree of fluctuation occurs at the
beginning of F1 and F2 because of the perturbation effect of syllable onset production. The steady
manifestations of acoustic formant patterns indicate the related vowels are realised as
monophthongs and no obstruent coda is articulated following the vowels, supporting the auditory
observation of non-realisation of obstruent coda in the monosyllabic setting of Zhangzhou.

/tsep7/ 'ten' /bet7/ 'thick' /bek7/ 'timber'
Figure 5-14. Acoustic realisations of obstruent codas in the monosyllabic setting (WYF, male).

On the contrary, if the obstruent coda were realised, the formant transitions would be expected to
occur on the spectrogram (Reetz & Jongman, 2009; Baart, 2010). For example, in the /tsep7/
morpheme, the F2 must have had a falling tendency towards the frequency range around 800 Hz
as an influence of the bilabial coda production. Similarly, in the /6et7/ morpheme, the F2 must
have risen to somewhere around 1600 Hz to indicate an alveolar coda; however, no rising trend

can be seen on the F2 curve.

The non-realisation of obstruent codas on the other hand can cause several phonetic effects on the
whole syllables, which include syllable lengthening, high vowel diphthongisation, FO contour

depression, and vowel laryngealisation.
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(1) The syllable lengthening effect can be seen in Figure 5-15. In comparison to its length
realisation in the phrase-initial position of the disyllabic token /6ek7.ts"j35/, the morpheme /6ek7/

apparently has a much longer duration when it is produced in isolation.

(2) The high vowel diphthongisation effect can be seen in Figures 5-8 and 5-9 in Section 5.3.2,

where both F1 and F2 present dynamic changes in the second half of the curves.

(3) The FO contour depression effect can also be seen in Figure 5-14, where the blue curves
representing the FO are largely level during the first half but suddenly stop without any moving
trend apparent during the second half of the three morphemes. Such a discontiguous FO contour
is generally regarded as one important acoustic manifestation of creaky voice because the vocal
folds at this stage are tightly adducted and create a thick and compressed mass, causing an
irregular and lower frequency vibration mode and a failure to extract the FO contour.

(4) Vowel laryngealisation can be seen in Figure 5-16, in which the individual spectra were taken
from the last 10% portion of each tokens as shown in Figure 5-14. The amplitude difference
between the first two harmonics (H1-H2) is neither steeply positive, as shown for the breathy
voice, nor steeply negative, as shown for the normal voice. Instead, the H1 value is either similar
to the H2 value or slightly higher than H2, generally indicating the voice quality of creaky.

/bek7.ts"j35/ 'carpenter’ /6ek7/ 'timber'

Figure 5-15. Acoustic demonstration of syllable lengthening in Zhangzhou (WYF, male).
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/tsep7/ 'ten’ /bet7/ 'thick’ /bek7/ 'timber’
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Figure 5-16. Acoustic manifestation of vowel laryngealisation in Zhangzhou (WYF, male).

5.3.5. Summary

According to the descriptions in this section, tone does not exclusively utilise FO contour and
height to distinguish otherwise segmentally similar lexical items in Zhangzhou. Rather, a bundle
of other segmental (e.g., vowel quality and obstruent coda) and suprasegmental (e.g., duration
and voice quality) parameters function together with FO to realise the category that is called
“tone”. Table 5-8 shows the multidimensional realisations of Zhangzhou citation tones, including
six dimensions. The mid vowels are largely produced with a modal voice across tones to most
speakers, thus no column is particularly made to denote that. For example, tone 1 indicates a rising
contour, extra long length, no diphthongisation, breahy high vowel, modal-voiced low vowel, and
sonorant coda; while tone 6 suggests a mid-high falling contour, long length, high vowel
diphthongisation, creaky vowel, and not-realised obstruent coda. Nevertheless, questions remain

as to how these citation tones are related to each other from the phonological point of view.

To address the issue, the multidimensional properties for each citation tone were firstly
transformed into a multiple sequence alignment to be computed in the SplitsTree software in order
to generate a phylogram to visualise the internal relations among these citation tones. Figure 5-
17 shows the generated result. The root of the tree represents the set of citation tones being
investigated. The horizontal lines are branches representing the amount of similarity in terms of
multidimensional realisations shared by the citation tones. The shorter the branch, the stronger
the similarity that tones share in phonetics. The vertical lines indicate the relatedness between
citation tones. The more divergent the lines, the higher the probability that the tones are not related
categorically. For example, citation tones 1 and 7 are least related as they are distributed relatively
far from each other. The code used to generate this phylogram is provided in the attached USB.

Additionally, two notable aspects deserve further discussion.
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e The tones that share similar FO/pitch realisation, for example, tones 4 and 6, as well as

tones 2 and 7, are categorically different on the basis of the multidimensional framework.

This fact further justifies the statement that the single dimension of FO/pitch is not

sufficient to characterise Zhangzhou tones.

e Tonal contrast neutralisation can occur in the monosyllabic setting. Tones 2 and 8 are

clustered together without significant differences in terms of the multidimensional

parameters. The reason why they are considered two independent categories is primarily

because they have different realisations in the multi-syllabic contexts, which will be

discussed in later chapters.

Therefore, the multidimensional realisations of Zhangzhou citation tones are not only auditorily

supported but also grounded in both acoustic and articulatory reality.

Table 5-8. Multidimensional realisations of Zhangzhou citation tones

Tone FO Length Diphthong High vowel Low vowel Syllable coda

1 [35] extra long - breathy modal sonorant

2 [22] extra long - breathy modal sonorant

3 [51] medium - breathy creaky sonorant

4 [41] medium - breathy creaky sonorant

5 [33] extra long - breathy modal sonorant

6 [41] short + creaky creaky nonrealised obstruent
7 [221] long + creaky creaky nonrealised obstruent
8 [22] extra long - breathy modal sonorant

Zhangzhou Citation Tones

—C1

C2

Figure 5-17. Phylogram representation of Zhangzhou citation tones (C=Citation).
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5.4. Previous Studies

Previous descriptions of Zhangzhou citation tones have been largely impressionistic until, in the
most recent decade, a few pioneering studies (Yang, 2008; 2014; Yin, 2009; Huang et al., 2016)
started to explore the acoustic characteristics of Zhangzhou tones, dominantly investigating FO
realisation. Nevertheless, the studies exhibited several problematic aspects in terms of research
design and analysis. They generally classified synchronic Zhangzhou citation tones in terms of
Middle Chinese tonal categories; therefore, they all defaulted to a system of seven tones as the
split and merger of MC Yang Shang tone. This study by contrast finds an eight-tone system by
examining the realisations of diverse parameters across three different contexts—isolation,

phrase-initial, and phrase-final.

In addition, Yang (2008; 2014) investigated the FO system of Zhangzhou citation tones simply by
comparing the raw FO values from one male and one female speaker without quantification and
normalisation. Yin (2009) took into account the normalisation approach, but the study addressed
only the tonal FO in unstopped syllables while neglecting the tones in stopped syllables and the
interaction between FO and other phonetic parameters. Huang et al. (2016) investigated the tonal
FO realisation of Zhangzhou citation tones using z-score normalisation of raw FO values from 21
speakers, a stepforward in tonal studies of Zhangzhou. Nevertheless, that study did not address
how other phonetic parameters contribute to make tonal distinctions in Zhangzhou, as discussed
and described in this project, although the variation of FO duration across different tones was
briefly mentioned by Huang et al. (2016).

5.5. Conclusion

In this chapter, the acoustic and statistical descriptions, supplemented by articulatory
explanations, support the auditory observations made in Chapter 4 concerning Zhangzhou tonal
realisations being multidimensional, as well as the phonological tone in Zhangzhou being
effectively a complex of phonetic features. The objective descriptions and analyses in this chapter
help improve the accuracy of phonetic transcriptions of Zhangzhou tones and, to a large extent,
help avoid many sources of human and machine errors. The quantified, normalised, statistical,
and visual results provide a solid foundation for investigating the realisations of disyllabic tones

and the mapping between citation and disyllabic tones in the rest of this thesis.
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Part C: Zhangzhou Disyllabic Tones

Chapter 6: Auditory Properties of Zhangzhou Disyllabic Tones

Chapters 4 and 5 addressed the auditory and acoustic properties of Zhangzhou citation tones. This
chapter is intended to encode and understand how these individual tones interact in constructions
beyond monosyllables and how the segmental and suprasegmental parameters contribute to the
tonal distinctions in polysyllabic settings from the perspective of auditory phonetics. The general
properties of Zhangzhou tone sandhi, including the dominancy and specificification of sandhi

domain are also discussed.

6.1. General Properties of Zhangzhou Tone Sandhi

This section addresses the following two questions. (1) What is the dominancy of Zhangzhou tone
sandhi: right dominant, left dominant, or both? (2) What is the sandhi domain of Zhangzhou tonal
alternation: metrical foot, word, phrase, or something else? (3) How do the realisations of

disyllabic tone reflect the interaction among different linguistic levels?

6.1.1. Right-dominant

Zhangzhou presents a right-dominant tone sandhi system. The number of parametric contrasts is
largely preserved on the rightmost tones (see Section 9.2), but is largely changed and reduced to
some degree by processes of neutralisation on the non-rightmost tones (see Section 9.1). In
addition, the realisations of the rightmost tones are relatively consistent with those of their
corresponding citation forms in terms of categories but are not straightforwardly the same because
of their phonetic sensitivity to surrounding contexts (see Sections 6.4 and 9.2). The realisations
of the non-rightmost tones, on the other hand, are largely changed to forms different from their
citation realisations at both the phonological and the phonetic levels (see Sections 6.3 and 9.1).

This right dominancy can be illustrated in Table 6-1 about the pitch realisation of eight individual
tones before tone 2 (Pattern A) and after tone 2 (Pattern B). Segments are given their phonemic
transcriptions. The citation column shows the pitch values of the eight tones when the related
morphemes are produced in isolation. The non-right column presents the pitch values of the non-
right morphemes in those disyllabic phrases, and the right column shows the pitch values of the

rightmost morphemes in those disyllabic constructions.

As Pattern A shows, the pitches of the tones in the non-right dominant context are all different
from their corresponding citation values. For example, the pitch of tone 3 in pattern 3+2 is
changed to a mid-rising [25] from a high-falling contour [51] in citation. Further, processes of
pitch neutralisation occur in this context. For example, tones 1 and 2 have similar realisation of

mid level [33]; while tones 5, 7 and 8 have similar mid-falling contour [32] before tone 2.
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Table 6-1. Examples of the right dominancy of Zhangzhou tone sandhi

A Non-right  Citation Example B Right Citation Example

1+2 [33] [35] /tsh€l.te2/ ‘raw tea’ 2+1 [34] [35] /te2.hwel/ ‘camellia’
2+2 [33] [22] /?en2.te2/ ‘black tea’ 2+2 [211] [22] /te2.dew?2/ ‘tea

3+2 [25] [51] /tse3.te2/ ‘morningtea’ 2+3 [52] [51] /te2.6i3/ ‘dried tea’

4+2 [63] [41] /swe4.te2/ ‘unpacked 2+4 [41] [41] /te2.tjemd/ ‘tea store’
5+2 [32] [33] /?jon5.te2/ ‘have tea’ 2+5 [33] [33] /te2.tshju5/ ‘tea tree’
6+2 [65] [41] /sip6.te2/ ‘moistentea’ 2+6 [41] [41] /te2.sik6/ ‘tea colour’
7+2 [32] [221] /sik7.te2/ ‘colourful tea” 2+7 [211] [221] /te2.sit7/ ‘tea dessert’
8+2 [32] [22] /pe8.te2/ ‘Bai tea’ 2+8 [211] [22] /te2.hje8/ ‘tea leaf

In Pattern B, the pitches of the rightmost tones are very similar to their corresponding citation
forms but present a certain degree of differences that are reasonably ascribed to the phonetic
influence of their preceding pitch contours and the pitch declination effect on the rightmost
position. For example, tone 2 is realised as [211] in the rightmost position but as [22] in citation,
which is supposed to be affected by the effect of final-position declination. This finding comes
into conflict with the general assumption that considers the rightmost tone is straightforwardly
related to the citation tones, with the citation-tone pitch values preserved and unchanged (Wright,
1983; Shih, 1986; Ballard, 1988; Chen, 2000; Zhang, 2007; Rose, 2016).

As discussed with respect to the pitch realisation, Zhangzhou tones present typical properties of
a right-dominant tone sandhi system, including paradigmatic pitch alternation and processes of
neutralisation in the non-right context, as well as categorical preservation of pitch values in the
right-most context. The pitch values of rightmost tones appear sensitive to the phonetic
environments and present variable but predictable realisations; however, to which degree the
realisation is affected needs to be further tested in statistics. Chapters 7 and 8 will present the
parametric realisations of Zhangzhou citation tones from the acoustic and statistical points of

views. It is hopped it will shed more light on the right-dominancy of Zhangzhou tone sandhi.

6.1.2. Syntactic boundary-relevant

Zhangzhou tone sandhi is syntactically relevant. The prosodic domain of tone sandhi in
Zhangzhou appears not to be phonologically specified, but rather is syntactically determined. The
rightmost boundary of the sandhi domain in Zhangzhou is found being aligned with the rightmost
boundary of a syntactic phrase XP, where X is categorically variable, ranging over adjective (A),
noun (N), verb (V), preposition (P), adverb (Adv), and other syntactic elements, as illustrated in
Figure 6-1 (C=citation, S=sandhi). The sentences were elicited from conversations with the

female speaker HYH with respect to her socio-background investigation in the field site.
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NP VP
/\
| v N
dwe3 kjed  hwi2.?jon3.hiwis
Isg call  HuangYonghui
C: [51] [41] [22]]51][33]

S: [66]#  [64] [33][35] [33]#
“My name is Huang Yonghui.”

(@) S

T~

NP AdvP NP
dgwe3 kinl.di2  sel.tsep7.sid. hwed
1sg  thisyear thirty-four year
C: [51] [35][22] [35][221] [41] [41)
S: [66]# [33][22]# [33] [32][64] [41]#

“T am thirty-four years old this year.”

dwe3 hjenS.tsejs  ti5 kewd.djo8.heS5.thon3 kenl.tsok6
Isg  now prep. education system — work

[33] [411[221][33][51] [35][41]

C: [51] [33][33]
[63][32] [321(52]% [33][41]#

S: [66]4[32][33]%# [32]
“I am working in the education system.”

C))
T
TP /H)\ /VP\
N P NP VP NP

dwe3s tswid sedhend  le5%5 hjew3 kop3 bBen2.dem2. 2wes

Isg prep  little guy aux.can know speak Southern Min speech

C:[51]  [33] [411[41] [33][33] [51] [51] [22][22] [33]
S:[66]#  [32] [64][41]# [32][32] [35]  [35] [33][33] [33]#

“I can speak Southern Min since I was a kid.”

Figure 6-1. Examples of syntactically-determined tone sandhi domain in Zhangzhou.
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As indicated in Figure 6-1, the pitches of the tones at the rightmost boundaries of syntactic phrases
are largely the same as their corresponding citation values, while the values of non-phrase-final
tones are all alternated to the forms significantly different from their citation forms regardless of
the number of syllables within the phrases. The pitch value of the monosyllabic subject (/dgwe3/
‘1sg.”) is raised up to be an extra high level although it is at the phrase-final boundary; however,
it is reasonably assumed to result from the intonational effect in order to initiate a topic. It is thus

plausible to propose that Zhangzhou tone sandhi domain is syntactically-relevant.

This finding supports the general assumption of a close interface between phonology and syntax
for Southern Min tone sandhi as found in Xiamen and Taiwan (Chen, 1987; Lin, 1994; Zhang,
1994). Nevertheless, how the sandhi domain (known as tone group) can be defined has not yet
reached a general consensus in the literature (see Section 1.6.1). For example, Chen (1987) and
Zhang (1994) ascertained the tone sandhi process does not appear sensitive to the syntactic phrase
XP that acts as an adjunct in natural speech. Lin (1994) claimed the prosodic domain for Southern
Min tone sandhi is lexically governed. Exploring whether tone sandhi may occur in polysyllabic
phrases that function as adjuncts in sentences in Zhangzhou, and how the sandhi domain should
be better specified will be linguistically interesting and promising, but a fuller discussion has to
be postponed until another occasion because of the scope limitation of this project.

6.1.3. Syntactic structure-irrelevant

While the tone sandhi domain in Zhangzhou tends to be syntactically relevant, it is only relevant
to the boundaries of syntactic phrases, and appears irrelevant to the internal structure of syntactic
phrases. Within a sandhi domain, the realisations of the tones are not sensitive to the categories
of syntactic phrases, as shown in Table 6-2 about the pitch realisation of tone 3 in disyllabic
phrases of 3+3 pattern, and in Table 6-3 about the pitch realisation of tone 3 in trisyllabic phrases
of 3+3+3 pattern. The phrases differ from each other with respect to internal structures. As seen
in Table 6-2, the pitches of phrase-initial morphemes are all alternated to a mid-rising contour
[24] from a high-falling [51] citation contour across the four disyllabic phrases of different
internal structures. Similarly, in Table 6-3, the pitches of the first morphemes are all alternated to
a mid-rising [35] contour, while the pitches of the second morphemes are changed to a low-rising

[24] contour regardless of the categorical differences of those trisyllabic phrases.

Table 6-2. Examples of the irrelevance to syntactic categories of Zhangzhou disyllabic tone sandhi

Pattern  Sandhi pitch  Citation pitch Example Syntactic category
3+3 [24+52] [51+51] /hej3.tswi3/ ‘seawater’ NP

3+3 [24+52] [51+51] /se3.6e3/ ‘wash horse’ VP

3+3 [24+52] [51+51] /he3.he3/ ‘very well’ AP

3+3 [24+52] [51+51]  /kw@3.kin3/ ‘hurry up’ AdvP
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Table 6-3. Examples of syntactic irrelevance of Zhangzhou trisyllabic tone sandhi

Pattern  Sandhi Citation  Example Syntactic category
3+3+3 [35+24+51] [51+51+51] /hej3.6€3.tsju3/ ‘seahorse wine’’ NP
3+3+3 [35+24+51] [51+51+51] /ke3.si3.si3/ ‘cowardly’ AP
3+3+3 [35+24+51] [51+51+51] /kwe3 kin3.tsew3/ ‘run away at once” AdvP
3+3+3 [35+24+51] [51+51+51] /6e3.he3.tsju3/ ‘buy good wine’ VP

As described, the pitch height of the first morphemes of trisyllabic phrases appears to be slightly
higher from that of the initial morphemes of disyllabic phrases and that of the second morphemes
of trisyllabic phrases although their contour shapes are similar; however, it is reasonably assumed
to be a consequence of the raising effect of the utterance-initial context. The two patterns
demonstrate that the change in the category of syntactic phrases does not cause any corresponding
change in the tonal realisations within the domain. This impressionistic assertion can be justified
by the acoustic quantified and normalised results from 21 speakers as shown in later chapter 7.
For example, as seen in the Appendix B, the tonal pattern 1+7 involves four different syntactic
phrases, including NP, AdvP, VP, and AP; however, no divergent FO pattern emerges owing to

internal differences of these syntactic structures, as reflected in Figure 7-1 (Section 7.1.1).

Thus, the property of syntactic-structure irrelevance of Zhangzhou tone sandhi has impressionistic
and acoustic bases. In this regard, Zhangzhou is different from many Chinese dialects which are
sensitive to the syntactic structures and present different tonal patterns (see Section 1.5.2). For
example, in Pingyao of the Jin dialect, the verb-object phrases (VP) have a different sandhi pattern
from the modifier-noun phrases (NP; Zhang, 2014).

6.1.4. Phonologically-inert

Zhangzhou tone sandhi is phonologically-inert. The parametric realisations tend not to be affected
by the categories of their surrounding tones from the auditory point of view. They appear to have
very similar realisations across tonal categories surrounding them. As indicated in Table 6-4, tone
3 consistently has a low-rising pitch contour in the phrase-initial position (Pattern A), regardless
of whether its following tone has a rising, level, or falling pitch contour. Similarly, the pitch of
tone 3 is consistently realised as a high-falling contour (Pattern B) in the phrase-final position in

spite of the contour shape of preceding tones.

This impressionistic assertion can also be justified in acoustics and statistics. For example, as
reflected in Figure 7-5 (Section 7.1.3), the normalised FO contour of tone 3 in the phrase-initial

context is consistently mid-low rising across different following tones. This phonologically-inert
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property of Zhangzhou tone sandhi is different from many Chinese dialects. For example, in

Mandarin, the well-known third tone sandhi is typically phonologically-conditioned.

Table 6-4. Examples of phonologically-inert property of Zhangzhou tone sandhi

A Sandhi pitch Example B Sandhi pitch Example

3+1 [24+34] /Be3.kMel/ ‘horse leg’ 1+3  [33+52] /?51.6¢3/ “black horse’

3+2 [25+311] /Be3.te2/ ‘horse hoof’ 2+3  [33+52] /kMe2.6¢e3/ ‘ride a horse’
3+3  [24+52] /Be3.sej3/ ‘horse shit’ 3+3  [24+52] /pe3.6e3/ ‘BMW’

3+4  [24+51] /bBe3.ts"wid/ ‘horse mouth® 4+3  [63+52] /tsjend.be3/ ‘battle horse’
3+5  [24+43] /6e3.po5/ ‘horse step’ 5+3  [32+52] /tshi5.be3/ ‘feed horse’

3+6  [24+51] /6e3.kut6/ ‘horse bone’ 6+3 [65+52] /kek6.6e3/ ‘gnu, horn horse’
3+7 [25+311] /Be3.sut7/ ‘equestrianism’ 7+3  [32+52] /Bok7.6e3/ ‘wooden horse’
3+8 [25+311] /6e3.tsi8/ ‘horse tongue’  8+3  [32+52] /pe8.6e3/ ‘white horse’

For a better understanding of the phonologically-inert property of Zhangzhou disyllabic tones,
Chapters 7 and 8 will provide detailed descriptions and discussions with respect to two specific
research questions. (1) What are the individual tones realised as a function of their surrounding
tones, and (2) are their realisations affected by the tones nearby? If so, to what extent are they

affected, and what conditions the variations?

6.1.5. Phonetically-sensitive

While the tonal realisations in multisyllabic settings tend not to be categorically affected by their
surrounding tones, the realisations, especially the pitches of phrase-final tones, are phonetically
sensitive to surrounding environments and show diverse variants. As shown in Table 6-4, the
phrase-initial tone 3 has two variants of [24] and [25]. Its pitch offset appears slightly higher,
When it precedes a tone having a low pitch contour (e.g., [311] of tone 2, 7 or 8). Similarly, as
indicated in Table 6-5, the phrase-final tones 4 and 8 both present two variants. The pitch of
phrase-final tone 4 is generally realised as a mid-high falling [41] contour but is realised as a high
falling [51] after tones 3 and 6 that have a pitch offset higher than the mid point. The phrase-final
tone 8 has a higher onset [311] occur when the preceding tone has a mid level contour or an extra-

high and short falling contour.

The property of phonetical sensitivity of Zhangzhou tones in multisyllabic context also has a
robust basis in acoustics and statistics. For example, as reflected in Figure 7-17 (Section 7.1.9),

most of phrase-final tones have two variants that are statistically significantly different.

124



Table 6-5. Examples of phonetic sensitivity of Zhangzhou tones

A Sandhi pitch Example B Sandhi pitch Example

1+4  [33+41] /sg€1.thi4/ ‘raw iron’ 1+8 [33+311] /dinl.pe8/ ‘milk white’

2+4  [33+41] /ten2.t"i4/ ‘copper iron’ 2+8 [33+311] /sun2.pe8/ ‘pure white’

3+4  [24+51] /he3.thi4/ ‘good iron’  3+8 [24+311] /6i3.ped/ ‘rice white’

4+4  [63+41] /hwid.thid4/ ‘scrap iron’ 4+8 [63+211] /phjed.pe8/ ‘whiten’

5+4  [32+41] /te5.t"i4/ ‘subway’ 548 [32+211] /dwi5.pe8/ ‘albumen’

6+4  [65+51] /khip6.thid/ ‘magnet’ 6+8 [65+311] /kok6.?je8/ ‘national medicine’
7+4  [32+41] /tok8.khi4/ ‘toxic gas®  7+8 [32+211] /dik7.pe8/ ‘green in white’

8+4  [32+41] /pe8.tid/ ‘whiteiron’  8+8 [32+211] /pe8.pe8/ ‘white’

The phonetic-sensitive property of Zhangzhou disyllabic tones also reflects the well-known
across-linguistic phenomenon of tonal coarticulation (e.g., Scholz & Chen, 2014; Xu, 1994,
Zhang & Liu, 2011), including carryover effect (i.e., the influence of the preceding tones on
phrase-final tones) and anticipatory effect (i.e., the influence of the following tones on phrase-
initial tones). The finding of this property not only situates Zhangzhou in the typology of tonal
coarticulation for the first time, but also questions the default principle of right-dominance of tone
sandhi, which conventionally considers that the right-dominant tones appear straightforwardly
related to their corresponding citation tones without changing the forms (e.g., Shen & Rose, 2016;
Zhang, 2007). Chapters 7 and 8 will conduct detailed acoustic and statistical analyses with respect
to how the realisations of Zhangzhou disyllabic tones are affected by their surrounding tones, and

to which degree they are affected, and what conditions the variants.

6.1.6. Summary

As discussed, Zhangzhou presents a right-dominant tone sandhi system. As a phonological
phenomenon, its sandhi domain is not phonologically determined but syntactically relevant.
Although the realisations of the non-rightmost tones undergo changes within a given syntactic
phrase, they are not affected by the internal structure of syntactic phrases at either the
phonological or the phonetic levels. In addition, the realisations of the tones in both prominent
and non-prominent positions tend not to be affected by the categories of their surrounding tones,
but appear phonetically-sensitive to pitch contour shapes of neighbouring tones. Therefore, the
tonal realisations in multisyllabic contexts in Zhangzhou reflects an interface among linguistic

levels, involving phonology, syntax, phonetics, and so on.

6.2. Multidimensional Realisations of Zhangzhou Phrase-Initial Tones
This section provides an auditory description of phrase-initial tones across 64 combinations. It

addresses the following questions. (1) What are the phrase-initial tones realised with respect to
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multidimensional parameters identified in Chapters 4 and 5? (2) How do the segmental and
suprasegmental parameters interact to shape the realisations of Zhangzhou phrase-initial tones
contrastively? (3) Are the parametric realisations of phrase-initial tones influenced by the tones

in phrase-final position at both the phonological and the phonetic levels?

6.2.1. Pitch

This subsection explores how the individual phrase-initial tones interact with following tones in
terms of pitch and whether their pitch realisation may be influenced by following tones at both
the phonological and the phonetic levels. Table 6-6 shows the results, which generalise the central
tendency across 64 disyllabic combinations while ignoring the individual-dependent variations.
The leftmost column shows the eight phrase-initial tones being investigated at this point with their
corresponding citation pitch values for comparison purposes. Conversely, the top row shows the
eight phrase-final tones with their citation pitch values, which serve as the conditioning
environments to examine whether they exert any influence on the pitch realisation of their

preceding tones. VVarious examples for each tonal combination appear in Appendix A (Table A2).

Table 6-6. Pitch realisation of Zhangzhou phrase-initial tones

T1 T2 T3 T4 T5 T6 T7 T8
Tone [35] [22] [51] [41] [33] 411  [2211  [22]
T1 [35] 33 33 33 33 33 33 33 33
T2 [22] 33 33 33 33 33 33 33 33
T3 [51] 24 25 24 24 24 24 25 25
T4 [41] 63 63 63 63 63 63 63 63
T5 [33] 32 32 32 32 32 32 32 32
T6 [41] 65 65 65 65 65 65 65 65
T7 [221] 32 32 32 32 32 32 32 32
T8 [22] 32 32 32 32 32 32 32 32

As Table 6-6 indicates, several notable aspects exist in the pitch realisations of phrase-initial tones

across 64 disyllabic combinations.

e All phrase-initial tones have pitch realisations different from their citation forms. For
example, tone 1 is realised as a mid-level [33] in the phrase-initial position rather than
a mid-rising [35] as occurs in citation. This observation indicates the right-dominant
sandhi system in Zhangzhou because all pitches undergo changes at the non-rightmost
position.

e All individual phrase-initial tones have similar pitch realisations across phrase-final
tones. For example, tone 2 is consistently realised as a mid-level [33] across eight
disyllabic constructions, regardless of whether the following tone has a rising, level, or

126



falling pitch contour. This observation indicates the pitch realisations of phrase-initial
tones in Zhangzhou are not affected by their following tones at the phonological level.

The pitch realisations of phrase-initial tones can be sensitive to following tones at the
phonetic level. For example, phrase-initial tone 3 tends to have a higher pitch offset
[25] before tones 2, 7, and 8, which perceptually have a lower pitch onset than other
tones in the phrase-final position.

The Chao system of five-scale pitch notation tends to be inadequate for characterising
the phrase-initial pitch system in Zhangzhou. Both the highest and lowest pitch levels
among phrase-initial tones appear perceptually higher than the ones occurring in
phrase-final environment. For example, phrase-initial tone 6 has an extra high and extra
short pitch contour, which is significantly higher than the highest pitch onset identified
in phrase-final tone 3. Phrase-initial tones 5 and 8 have the lowest pitch offset, which
is impressionistically higher than the lowest pitch offset found in phrase-final context.
Therefore, this study claims a pitch range of 2 (lowest) to 6 (highest) for the phrase-
initial tones.

Processes of pitch contrast neutralisation occur in the phrase-initial position. Tones 1
and 2 neutralise their pitch contrasts to a mid-level [33] while tones 5, 7 and 8 neutralise
the contrasts to a low-falling contour [32] in the phrase-initial context. Therefore, the
non-right position creates a certain degree of pitch neutralisation in Zhangzhou.

Tones that have similar pitch form in citation can be realised differently in the phrase-
initial context. For example, in the monosyllabic setting, tones 2 and 8 are both realised
as a mid-low-level contour [22], but in the phrase-initial position, they are realised
differently. Tone 2 has a mid-level contour [33] while tone 8 has a mid-fall [32]. Thus,
different tones can be distinguished in the sandhi position but are neutralised in citation.

Based on the description above, the pitch system of Zhangzhou phrase-initial tones can be

summarised as in Table 6-7, including variations in both pitch contour and pitch height.

Table 6-7. Pitch system of Zhangzhou phrase-initial tones

Tone Phrase-initial pitch Example

1 mid level [33] /?11.sin1/ ‘doctor’

2 mid level [33] /?i2.ton5/ ‘to move’

3 mid rise [24]/[25] /?13 kje5/ ‘sedan chairs’
4 extra high fall [63] /?i4.su4/ ‘meaning’

5 mid fall [32] /215 ked/ “anticipate’

6 stopped extra high fall [65] /?1k6.tshut6/ ‘overflood’

7 stopped mid fall [32] /?1k7 kinl/ ‘bath towel’
8 mid fall [32] /tsi8.thej1/ ‘furred tongue’

6.2.2. Duration

Three aspects can be noted with respect to the central tendency of length realisation of phrase-

initial tones across different following tones in Zhangzhou. The individual speakers reasonably
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may present a certain degree of variations in length realisation, but it is beyond the topic to

conduct a sociophonetic investigation here.

Therefore,

It is perceptually difficult to identify whether the length realisation of phrase-initial
tones can be affected by tones in the phrase-final position. The individual phrase-initial
tones tend to have very similar length across the following tones.

It is perceptually difficult to identify whether the length realisation may vary among
the unstopped tones in the phrase-initial position. The individual phrase-initial
unstopped tones tend to have very similar length realisation regardless of the shapes of
their pitch contour. For example, the length of the phrase-initial rising pitch contour
(tone 3) appears very similar to that of the falling (e.g., tone 4) and level (e.g., tone 1)
contours.

The stopped tones 6 and 7 are both significantly shorter than any other tones in the
phrase-initial context. They are much shorter than the shortest level found among the
eight tones produced in isolation. Nevertheless, it is perceptually difficult to determine
whether the two stopped tones may differ from each other in length phrase initially.

the phrase-initial tones tend to have only two length levels that are primarily

constrained by the syllable coda types. As shown in Table 6-8, a medium-length level [V] occurs

for the unstopped tones whose bearing syllables end in sonorants while an extra-short level [\z/]

only appears for the stopped tones whose associated syllables end in obstruents.

Table 6-8. Length system of Zhangzhou phrase-initial tones

Coda

Tone  Phrase-initial pitch Length

Sonorant

1 mid level [33] medium [V]
mid level [33]
mid rise [25]/[24]
extra high fall [63]

mid fall [32]

Obstruent

stopped extra high fall [65] extra short [\:/]

2
3
4
5 mid fall [32]
8
6
7 stopped mid-high fall [32]

The two length levels can thus help enhance the perception and identification of Zhangzhou tones

and segments to a certain degree. Additionally, if a phrase-initial syllable is characteristic of a

very short

length, it is likely to be in the stopped tone of either tone 6 or 7 and to have an obstruent

coda at the underlying level. Therefore, duration and syllable coda types, to a certain degree,

interact to

characterise different tonal contrasts in the phrase-initial context in Zhangzhou.
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6.2.3. Vowel quality

Unlike high vowels undergoing diphthongisation in stopped tones in the monosyllabic context,
all vowels in Zhangzhou are realised consistently as monophthongs without changing their vowel
qualities in the phrase-initial setting. As Table 6-9 indicates, the high vowels /i/ and /u/, as the

low vowel /o/, are realised as monophthongs across all phrase-initial tones.

Table 6-9. Vowel quality realisation of the phrase-initial syllables in Zhangzhou

Tone High vowel /i/ High vowel /u/ Low vowel /o/

1 [%i33.¢in::35] ‘doctor’ [Ju33.?j2::22] ‘win or lose’ [ka33.pe::35] ‘grandpa’s sister’

2 [%i33.ton::33] ‘move’ [Ju33.tjem52] “dictionary’ [ka33.?je::211] ‘medicinal plaster’
3 [%i25.kije33] ‘sedan chairs’  [fu25.?jon::33] ‘use’ [ko24.de::33] ‘encourage’

4 [%i63.fudl] ‘meaning’ [Ju63.hon::35] ‘square’ [ka63.?i41] “deliberate’

5  [?i32.ke41] ‘predict’ [Ju32.¢ig211] ‘truth’ [t232.5041] ‘degree’

6  [2i'Kk65.tfwiS1] ‘overflood®  [k™uft65.thew::311] ‘bone’ [K531265.ke::35] ‘country’
7 [?k43.kin:35] ‘bath towel”  [hvit32.tsp52] ‘Buddha’  [t3232.k"i41] ‘poison gas’

8  [tei32.t"gj:35] “furred tongue’ [t*u32.tje41] ‘poke to’ *

While high vowel diphthongisation is considered to be induced by the non-realisation of obstruent
codas in the utterance-final position, the monophthong realisation of high vowels is considered a
consequence of the preservation of obstruent codas in the non-utterance-final position, as
discussed in Section 6.2.5. In other words, the realisation of vowel quality can change with respect

to the realisation of obstruent codas across different linguistic contexts.

6.2.4. Voice quality

The realisations of voice quality are also dynamic and diverse in the phrase-initial context,
including modal, breathy, creaky, and falsetto. Nevertheless, their occurrence restriction seems
more complicated. The occurrence of breathy, creaky, and modal phonation is simultaneously
conditioned by vowel quality, pitch and tonal category while the distribution of falsetto voice is
motivated simply by tone. Table 6-10 shows the voice quality realisation of the phrase-initial

morphemes across tones and vowels.

As Table 6-10 shows, the distributions of breathy, creaky, and modal phonation are largely
constrained by vowel quality, pitch and tone. The breathy voice tends to occur on high vowels
across phrase-initial tones, except for tone 6. The creaky voice is largely associated with low
vowels but only in the tones with falling-pitch contours, except for tone 6. The modal phonation

is largely seen in the mid vowels across different phrase-initial tones and in low vowels with non-
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falling pitch contour. The mid vowel [e] is occasionally perceived with a creaky voice in the

falling pitch contour, especially among male speakers.

On the other hand, the falsetto voice occurs across different vowel heights but only if the vowel
can occur in the phrase-initial stopped tone 6, which has an extra-high pitch contour and an extra-
short duration. Both high and low vowels are perceived with a falsetto voice in the phrase-initial

tone 6 while no mid vowels in this context are found in the data.

Table 6-10. Voice quality realisation of phrase-initial syllables in Zhangzhou

High vowel  Mid vowel Low vowel

Tone Pitch fil, lul lel, le/ /el, I/, [a/
1 mid level [33] breathy modal modal

2 mid level [33] breathy modal modal

3 mid rise [24]/[25] breathy modal modal

4 Extra-high falling [63] breathy modal/creaky creaky

5 mid fall [32] breathy modal/creaky creaky

6 stopped extra-high falling [65] falsetto * falsetto

7 stopped mid fall [32] breathy * creaky

8 mid fall [32] breathy modal/creaky creaky

While the distribution of non-modal phonation is largely constrained by both vowel quality, pitch
and tone and partly by tone, the occurrence of different types of phonation helps enhance the
perception and identification of specific tones and vowels in the phrase-initial setting. For
example, vowels being produced with the falsetto phonation indicate they are in the stopped tone
6. Vowels being produced with a creaky phonation indicate they are largely low vowels and in
falling-pitch contours. Alternatively, vowels being produced with the breathy voice are supposed

to be high vowels in the tones except tone 6.

6.2.5. Syllable coda

In contrast to the tendency toward non-realisation in the monosyllabic setting, the obstruent codas
are largely perceivable but without audible release in the stopped tones 6 and 7 in the phrase-
initial context. The velar obstruent codas are observed having two variants of [k] and [?],
depending on the backness of their preceding vowels. Table 6-11 shows the realisation of
obstruent codas across vowels and across the two phrase-initial stopped tones. No mid vowels are
observed in the stopped tonal environment in Zhangzhou. In addition, the preservation of

obstruent codas can give rise to several phonetic effects across whole syllables:

130



e |t significantly shortens the duration of phrase-initial syllables. Compared to their
length realisation in the monosyllabic and phrase-final settings, the two stopped tones
both present an extra-short property that makes them more distinguishable from the
unstopped tones, especially from those sharing similar pitch contour and height. For
example, both tones 4 and 6 have extra-high falling contours phrase initially, but the
stopped tone 6 is perceptually much shorter than the unstopped tone 4.

e |t means that diphthongisation is not motivated. For example, the high vowels of
phrase-initial syllables are observed not undergoing diphthongisation in stopped tones
as they do in the monosyllabic setting.

e |t conditions the occurrence of falsetto voice in the stopped tone 6, which is perceived
having extra-high pitch contour and extra-short length realisations.

Table 6-11. Obstruent coda realisation of the phrase-initial syllables in Zhangzhou

Coda  Vowel Tone6 Tone 7
Ipl fe/  [ts"€'p65.tehju’2] “interrupt [tsep32.ji::33] ‘twelve’
fil [eip65.t0::33] ‘humidity’ [teip32.t"¢52] ‘unit’
bl * [h3p32.tje41] ‘have caught’
1t fe/  [the't65.kiju::311] “play football’ [pet32.jie211] ‘another day’
il [el't65. d&j311] ‘indoor’ [e1t32.ts¢41] “in reality’
jul [ku'te5.thew::311] ‘bone’ [h™ut32.ts952] ‘Buddha’
Ik fe/  [KE'K65.t0::33] “point of view’ [d8k32.tsg211] “sixty’
lil [ti'k65.ke::35] ‘bamboo stick’ [dik32.¢ig41] ‘green colour’
/o/  [h37265.k"i51] ‘good fortune’ [t5232.k"i41] ‘poison gas’

Further, the preservation of obstruent codas arguably helps enhance the perception and
identification of specific tones. If a phrase-initial syllable contains an obstruent coda at the
underlying level, its related tone should be either tone 6 of extra high pitch, extra short length and
falsetto voice at the surface, or tone 7 of mid-falling pitch, extra short length, breathy high vowel
and creaky low vowel. Therefore, the parameters of syllable coda, pitch, length, and voice quality

interact to shape the specific characteristics of the stopped tones in Zhangzhou.

6.2.6. Summary

As noted, the realisations of Zhangzhou phrase-initial tones are also multidimensional. They
differ not only in terms of pitch height and contour but also in other segmental and suprasegmental
parameters, which interact with each other in a complicated but systematic way to characterise
the phrase-initial tones contrastively, as shown in Table 6-12. In addition, at the phonological
level, the realisations of parameters for phrase-initial tones tend not to be influenced by the
categories of the phrase-final tones. The variations for the realisations occur essentially with
respect to the phrase-initial tones themselves and the interactions among parameters.
Nevertheless, at the phonetic level, some of the realisations, especially pitch, can be sensitive to

the phonetic contexts of their following tones.
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Table 6-12. Summary of multidimensional realisations of phrase-initial tones in Zhangzhou

Parameter Tone 1 Tone 2 Tone 3 Tone 4 Tone 5 Tone 6 Tone 7 Tone 8
Pitch [33] [33] [24]/125] [63] [32] [65] [32] [32]
Length medium  medium  medium medium medium extra short extra short medium
High vowel breathy breathy breathy breathy breathy falsetto breathy breathy
Mid vowel modal modal modal modal/creaky modal/creaky * * modal/creaky
Low vowel modal modal modal creaky creaky falsetto creaky creaky
Diphthongisation * * * * * * * *

Coda type sonorant  sonorant  sonorant sonorant sonorant realised obstruent realised obstruent sonorant




6.3. Multidimensional Realisations of Zhangzhou Phrase-Final Tones

This section provides an auditory description of the multidimensional realisations of phrase-final
tones across 64 disyllabic tonal combinations. It mainly addresses the following questions. (1)
What the phrase-final tones are realised with respect to the multidimensional parameters? (2) How
do the segmental and suprasegmental parameters interact to characterise phrase-final tones
contrastively? (3) Are the realisations of phrase-final tones affected by the tones in phrase-initial

position at both the phonological and the phonetic levels?

6.3.1. Pitch

This section has two purposes. One is to explore how the individual phrase-final tones interact
with their preceding tones in terms of pitch height and contour. The other is to examine whether
the pitch realisation of phrase-final tones may be influenced by their preceding tones.

Table 6-13 shows the findings for pitch realisation of phrase-final tones across 64 combinations
by generalising the central tendency among 21 speakers while ignoring the individual speaker-
dependent variation. The top row shows the eight phrase-final tones being investigated in this
subsection with their corresponding citation pitch values for comparison purposes. The leftmost
column shows the eight phrase-initial tones with their sandhi pitch values to examine whether
they affect the pitch realisation of following tones. Various examples for each tonal combination

appear in Table A2 in Appendix A.

Table 6-13. Pitch realisation of phrase-final tones in Zhangzhou

T1 T2 T3 T4 T5 T6 T7 T8
Tone [35] [22] [51] [41] [33] [41] [221] [22]
T1 1331 34 211 52 41 33 41 211 211
T2 [33] 34 211 52 41 33 41 211 211
T3 [25]/[24] 23 311 52 51 33 51 311 311
T4 [63] 23 211 52 41 33 41 211 211
T5 [32] 24 211 52 41 33 41 211 211
T6 [65] 23 311 52 51 33 51 311 311
T7 [32] 24 211 52 41 33 41 211 211
T8 [32] 24 211 52 41 33 41 211 211

As Table 6-13 indicates, several notable aspects exist with respect to the pitch realisation of
phrase-final tones across 64 disyllabic combinations and with respect to comparisons to the

citation pitch values.
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First, the phrase-final tones do not always have similar pitch realisation across their preceding
tones. Most of them have two or more pitch variants because of their phonetic sensitivity to the
pitch offset of their preceding tones. For examples, the phrase-final tone 4 generally have a higher

pitch onset after tones 3 and 6 which end in a high pitch phrase-initially.

Second, the pitch realisation of phrase-final tones does not always resemble their corresponding
citation form, although categorically they are very similar. The divergence can be ascribed to the
following two factors. The first factor is phonetic sensitivity to the pitch offset height of preceding
tones, causing them to have dynamic and diverse outputs. The second factor is the pitch
declination effect in the phrase-final position (Lieberman, 1967; Pierrehumbert, 1987; Maeda,
1976; Cohen et al., 1982; Ladd, 1984; Yuan & Liberman, 2010; Rose, 2014). The phrase-final
tones tend to have lower pitch heights than their corresponding citations produced in isolation.
For example, although the phrase-final tones 2, 7, and 8 are largely realised as low level,
perceptually they tend to have one degree lower than their citation forms ([11] as opposed to [22]).
Similarly, the pitch onset of phrase-final tone 1 is generally lower than its citation form ([2] as
opposed to [3]).

Third, the pitches of some tones are neutralised in the phrase-final position. For example, tones 2
and 8 neutralise their pitch contours to a low falling while they present somewhat different
contours in the phrase-initial context.

As noted, the pitch realisations of most phrase-final tones are phonetically sensitive to the
environments of both preceding pitch contour and phrase-final position, rendering their pitch
values as not straightforwardly related to their citation forms. Table 6-14 shows a summary of the

pitch system of phrase-final tones in Zhangzhou.

Table 6-14. Pitch system of Zhangzhou phrase-final tones

Tone Phrase-final pitch Example

1 low/mid rise [23]/[24]/[34] /6j82.?13/ “famous doctor’
2 mid-low level [211]/[311] /tswen3.?i2/ ‘transfer’

3 high fall [52] /kew1.?i3/ ‘arm chair’

4 mid-high/high fall [41]/[51] /he3.?i4/ ‘good intention’
5 mid level [33] zjon2.?i5/ ‘easy’

6 stopped mid-high/high fall [41]/[51] /hwe2.?ik6/ ‘recall’

7 stopped mid-low level [211]/[311] /se3.?21k7/ ‘take a bath’

8 mid-low level [211]/[311] /til.tsi8/ “pig tongue’
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6.3.2. Duration
Several points are noted in relation to the length realisation of phrase-final tones. These findings

focus on the central tendency among 21 speakers while ignoring the speaker-dependent variations.

e Determining whether the length realisations of phrase-final tones may be affected by
the tones preceding them is perceptually difficult. The individual phrase-final tones
tend to have very similar realisations in length across different tonal combinations and
regardless of whether the preceding pitch contours are rising, level, or falling.

e The phrase-final tones vary considerably in terms of length. Perceptually, three length
levels can be generalised from the data, including extra-long [V::], long [V:], and
medium [V]. As shown in Table 6-15, the levels are ranked with 1 indicating the extra-
long length and 3 the medium.

e The two stopped tones 6 and 7 tend to have the shortest length among the phrase-final
tones. Nevertheless, their duration is perceptually considerably longer than the shortest
length found among the citation tones and phrase-initial tones. Therefore, the length of
a tone can vary across different contexts.

The various length levels may arguably help enhance the perception and identification of specific
tones in the phrase-final position. For example, if a phrase-final syllable has the longest duration,
its tone is expected to be an unstopped tone having either a rising or a level contour. Therefore,
pitch and duration also interact to characterise different tonal contrasts in the phrase-final context
in Zhangzhou.

Table 6-15. Length system of Zhangzhou phrase-final tones

Tone Pitch Length Length ranking
1 low/mid rise [24]/[23]/[34] extra long 1

5 mid level [33]

8 low fall [211]/[311]

2 low fall [211]/[311] long 2

3 high fall [52]

4 mid-high/high fall [41]/[51] medium 3
6 stopped mid-high/high fall [41]/[51]

7 stopped low fall [211]/[311]

6.3.3. Vowel quality

Perceptually, the realisation of vowel quality of phrase-final syllables tends not to be affected by
the phrase-initial tones. Nevertheless, the two high vowels are observed undergoing an active
alternation between monophthongs in the unstopped tones and diphthongs in the stopped tones

phrase finally. On the other hand, other vowels are realised consistently as monophthongs across
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different tonal combinations. Table 6-16 shows the realisations of Zhangzhou high vowels /i/ and
/u/ and low vowel /o/ across phrase-final tones. The symbol * indicates no token was found in the

related context.

Table 6-16. Vowel quality realisations across Zhangzhou phrase-final tones

Tone High vowel /i/ High vowel /u/ Low vowel /o/

1 [mj&33.2i::34] ‘famous doctor’ [de25.fu::24] ‘teacher’ [hj333.kd::24] ‘mushroom’

2 [tfwen25.2i::311] ‘transfer’ [ton32.Ju::211] “verb’ [6i33.ky::211] ‘rice pasta’

3 [kew33.2i:52] ‘armed chair’ [gﬁf32.j‘g:52] ‘history’ [p"e63.k3:52] ‘play the drum’
4 [he35.2i:41] ‘good intention”  [han63.fu:41] ‘unbridled’ [tejew63.ky:41] ‘look after’

5 [ijon33.2i::33] ‘easy’ [he25.fu::33] ‘good deed’ [kéfl_é65.to::33] ‘point of view’
6 [hvwe33.2igd1] ‘recall’ [pej33.kvugdl] ‘ribs’ [tjon33.ka41] China’

7 [se25.2ig311] ‘take a bath’ [pej33.h*ug211] ‘worship Buddha’ [tjon63.k3211] ‘poisoning’

8 [ti33.tei::211] “pig tongue’ * *

As Table 6-16 shows, the high front vowel [i] is diphthongised to [ig] while the high back vowel
[u] shifts to a diphthong [ug] in the phrase-final stopped tones 6 and 7. In contrast, the low vowel
/o/ 1is realised consistently as [o] without changing the vowel quality. The high vowel
diphthongisation is suggested to be motivated by the non-realisation of obstruent codas at the
phrase-final position (see Section 6.3.5).

VVowel diphthongisation does help enhance the perception and identification of specific tone,
vowel, and syllable coda type. For example, if the vowel of a phrase-final syllable undergoes
diphthongisation, it indicates its related syllable has a stopped tone and an obstruent coda
underlyingly. Alternatively, if a high vowel is realised as a monophthong in the phrase-final

position, it indicates its related syllable has an unstopped tone and ends in a sonorant coda.

6.3.4. Voice quality

As in the monosyllabic setting, three different phonation types—modal, breathy, and creaky—
can be identified in phrase-final syllables, and the realisation of non-modal phonation is also
conditioned by both vowel quality, pitch and tone. As shown in Table 6-17, the breathy voice is
more likely to occur on the high vowels. The creaky voice largely occurs on the low vowels but
occasionally occurs on the mid vowel [e], especially among male speakers. The modal phonation

is largely found on the mid vowels and the low vowels with non-falling pitch contour.
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Table 6-17. Voice quality realisations across Zhangzhou phrase-final vowels and tones

High vowel  Mid vowel Low vowel

Tone Pitch lil, lu/ lel, le/ /¢l, e/, o/
1 low/mid rise [24]/[23]/[34] breathy modal modal
2 low fall [211]/[311] breathy = modal/creaky  creaky
3 high fall [52] breathy = modal/creaky  creaky
4 mid-high/high fall [41]/[51] breathy = modal/creaky  creaky
5 mid level [33] breathy modal modal
6 stopped mid-high/high fall [41]/[51] creaky * creaky
7 stopped low fall [211]/[311] creaky * creaky
8 low fall [211]/[311] breathy = modal/creaky  creaky

Further, the realisation of voice quality changes in certain tonal circumstances. For example, the
voice quality of low vowels is changed from creaky to modal in rising and mid-level contexts.
The voice quality of high vowels shifts to the creaky phonation from breathy in the stopped tonal
contexts. As for the mid vowels, they are perceived largely with the modal phonation regardless
of pitch contour, but occasionally the mid vowel [e] is perceived with a creaky voice in the falling
and low pitch environments. Examples of voice quality realisations in the phrase-final position

appeared in Table 6-16.

While vowel quality, pitch and tone simultaneously condition the realisation of voice quality,
voice quality arguably helps enhance the perception and identification of specific tones and
vowels in Zhangzhou. For example, if a vowel is produced with the breathy voice, it is expected
to be a high vowel in a non-stopped tone. Alternatively, if a vowel is produced with a modal

phonation, it is considered to be a mid vowel or low vowel in a non-falling pitched tone.

6.3.5. Syllable coda
In contrast to the preservation of obstruent codas in the phrase-initial syllable, but similar to the
non-realisation in citation, the obstruent codas—/p/, /t/, and /k/—tend not to be realised in the

phrase-final context, although the bilabial coda [p] is occasionally perceivable (Table 6-18).

Similar to the situation in the monosyllabic setting, the non-realisation of obstruent codas in the
phrase-final position can also give rise to several phonetic effects on whole syllables, including
syllable lengthening, high vowel diphthongisation, vowel laryngealisation, and pitch contour

depression, as those discussed in Section 4.2.4.
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Table 6-18. Obstruent coda realisation with respect to Zhangzhou phrase-final tones

Coda Vowel Tone 6 Tone 7
Ip/ /e/ [h*we33.ted1] ‘answer’ [d232.tse::211] “fifty’
fif [tje32.Kiigd1] ‘anxious’ [tjhﬁf?65.jig::311] ‘go out and come in’
/o * *
v} fe/  [k*wen33.tshe41] ‘observe’ [t/h0t65.de::311] ‘exert oneself’
fif [khe64.eigdl] ‘classroom’ [dew25.eig::311] ‘honest’
ful [pej33.k*ux41] ‘ribs’ [pej63.hvuy::211] ‘serve Buddha’
K/ fe/  [y*u33.ke4l] ‘cattle horn’ [tsep32.dg::211] ‘sixteen’
fif [69232.tig41] ‘purpose’ [se25.2ig::211] ‘take a bath’
/ol [tjon33.ka41] China’ [jon63.ky::211] ‘poisoning’

6.3.6. Summary

The above descriptions have shown the realisations of phrase-final tones are multidimensional,
involving diverse phonetic parameters that interact in a complicated but systematic way, as shown
in Table 6-19. In addition, the realisations of various parameters for phrase-final tones tend not to
be categorically influenced by the phrase-initial tones. Nevertheless, at the phonetic level, the
realisations can be considerably affected by the tones preceding them. For example, the pitches
of phrase-final tones are easily sensitive to the pitch offsets of the tones in the phrase-initial

position and present dynamic and diverse variants.

6.4. Previous Studies

Essentially, no empirical study has explored what individual tones are realised and how they
interact in multisyllables. No descriptive study has specified the sandhi domain of Zhangzhou.
No theoretical explanation has been developed to account for how tones in multisyllables,
especially the sandhi tones, are related to their citation forms. What has been consistently
documented in previous studies of Zhangzhou tone sandhi only involves a brief piece of
information that one tone is changed into another tone for the non-final characters (Dong, 1959;
Lin, 1992; Ma, 1994; ZCCEC, 1999; Gao, 1999; Yang, 2008), which can be expressed in terms
of Middle Chinese tonal categories, as summarised in Table 6-20. For example, the Yinping tone
is reported changing to the Yangqu tone while the Yangqu tone alternating with the Yinqu tone
in non-final characters. Yang (2008) also broadly mentioned that the tone sandhi of Zhangzhou
also forms a tone circle, as found in other Southern Min varieties, starting with Yinping and
ending with Yinping tone, but she did not interpret why tonal altenations form a circle, and how

sandhi tones are related to the citation tones.
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Table 6-19. Summary of multidimensional realisations of Zhangzhou phrase-final tones

Parameter Tone 1 Tone 2 Tone 3 Tone 4 Tone 5 Tone 6 Tone 7 Tone8
Pitch [23)/[24)/[34] [211])/[311] [52] [41]/[51] [33] [41])/[51] [211]/[311] [211]/[311]
Length extra long long long medium extra long medium medium long
High vowel breathy breathy breathy breathy breathy creaky creaky breathy
Mid vowel modal modal/creaky modal/creaky modal/creaky  modal * * modal/creaky
Low vowel modal creaky creaky creaky modal creaky creaky creaky
Diphthongisation - - - - - + + -

Coda type sonorant sonorant sonorant sonorant sonorant  not realised obstruent  not realised obstruent sonorant
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Table 6-20. Summary of previous description of Zhangzhou tone sandhi

Tone Citation Sandhi

1 Yinping Yangqu

2 Yangping Yangqu

4 Shangsheng Yinping

4 Yinqu Shangsheng

5 Yangqu Yinqu

6 Yinru [?] Yinqu

Yinru [p], [t], [K] high level [55]/[44]/[5)/[53]

7 Yangru Yinqu

Therefore, although previous studies did briefly mention the tone sandhi phenomenon in
Zhangzhou, their characterisation of sandhi environments in terms of Chinese characters
apparently is not a statement of linguistic significance to encode the prosodic or the grammatical
relation between morphemes in polysyllabic constructions in which tone sandhi occurs. Their
interpretation of tonal alternation in terms of Middle Chinese tonal categories does not reveal the
mechanism behind the tone sandhi. In this regard, Zhangzhou can be seen as a hitherto under-
described variety with respect to tonal study beyond the monosyllables. This chapter fills a

research gap with a systematic auditory description.

6.5. Conclusion

This chapter has shown that Zhangzhou presents a right-dominant tone sandhi system, involving
a complicated interface among phonology, syntax, phonetics, and other linguistic elements. Its
tone sandhi domain appears aligned with syntactic phrases, but the process of tone sandhi is only
sensitive to the position instead of being sensitive to the internal structures of given syntactic
phrases. The parametric realisations of a given tone in both the dominant and the non-dominant
positions tend not to be affected by surrounding tones at the phonological level but can be

phonetically sensitive to neighbouring tones, especially the pitch realisation of phrase-final tones.

In addition, this chapter had included a systematic description of the auditory properties of
Zhangzhou disyllabic tones, showing the realisations of the tones at both phrase-initial and
phrase-final contexts are multidimensional, involving a variety of phonetic parameters. The
auditory description provides a framework for subsequent acoustic quantification and statistical
testing of phrase-initial tones in Chapter 7 and of phrase-final tones in Chapter 8. It also provides
a solid foundation for the theoretical discussion of mapping between citation tones and disyllabic

tones in Chapter 9.
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Chapter 7: Acoustic Properties of Zhangzhou Phrase-Initial Tones

This chapter explores the acoustic properties of Zhangzhou phrase-initial tones. It largely
examines what phrase-initial tones are realised in acoustics with respect to the multidimensional
parameters across 64 tonal combinations. It applies the techniques of pairwise t testing and the
hierarchical clustering algorithm to determine whether the FO and duration realisations of
individual phrase-initial tones may be affected by their following tones. It employs the SplitsTree

software to assess the relatedness between phrase-initial tones from the phonological perspective.

7.1. Z-Score Normalised FO Model

This section largely addresses three issues. (1) What are the FO realisations of individual phrase-
initial tones? (2) Are the FO realisations of phrase-initial tones affected by the tones in the phrase-
final position? If so, to what extent are they affected, and what conditions the variations? (3) How

many normalised FO levels are contrastive among the phrase-initial tones?

The FO contours presented in this section were obtained by z-score normalising the raw FO values
of the related contours from 21 speakers’ utterances. The techniques of pairwise t testing and the
hierarchical clustering algorithm were applied to examine the statistical relation among the

normalised FO values of each phrase-initial tone across its eight following tones.

Logically, each phrase-initial tone would have 28 (=8*7/2) paired normalised FO differences to
be tested at either the 10% or the 100% sampling point, assuming that the normalised values are
all independent and identically normally distributed. The Bonferroni corrected alpha of 0.00186
(=0.05/28) was consistently performed to control for the Type | Error for the values at the
sampling point under consideration. The threshold of 1 was consistently employed to cluster the
values and examine how many normalised FO levels are contrastive phrase initially from the

statistical point of view.

The normalised FO values and the values of the pairwise t-testing result for individual phrase-
initial tones are tabulated in Appendix B (Tables B6-B9). The methodologies of acoustic and

statistical processing are described in Chapter 2.

7.1.1. Phrase-initial tone 1

The phrase-initial tone 1 was indicated in Chapter 6 having very similar pitch realisation of mid-
level [33] across eight tonal combinations. The acoustically quantified results basically support
this impressionistic description. As Figure 7-1 shows, the FO contours largely level around the
midpoint. Nevertheless, slight variation occurs in terms of the contour distribution. For example,

the contours before tones 2, 7, and 8 are higher than they are before other tones.
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The statistical testing and clustering results based on pairwise t tests revealed significant
differences among the normalised FO values, but only at the 100% sampling point, as shown in
Figure 7-2. The left panel visualises the normalised FO values of phrase-initial tone 1 across eight
phrase-final tones at the 10% sampling point, while the right panel represents the values at the
100% sampling point. As indicated, the normalised FO values before tones 2, 7, and 8 are clustered
together and significantly higher than they are before other tones at the 100% sampling point. On

the contrary, no significant differences exist among the values at the 10% sampling point.

Therefore, although the FO realisations of the phrase-initial tone 1 are very similar as a function
of the phrase-final tones, the offset values are phonetically sensitive to the tones in the phrase-
final position and present statistically significantly different variants. The conditioning factor for
the variation can be generalised as [+low onset], which is shared in common by the phrase-final
tones 2, 7, and 8. If the phrase-final tone has a lower onset, the phrase-initial tone 1 is supposed
to have a statistically significantly higher offset.

7.1.2. Phrase-initial tone 2

In Chapter 6, the phrase-initial tone 2 was perceived as having similar realisation of a mid-level
[33] in spite of the categories of phrase-final tones. The auditory impressions are largely supported
by the acoustically quantified results, as presented in Figure 7-3, with the contours largely level
around the midpoint. Similar to the realisations of phrase-initial tone 1, the normalised FO

contours appear numerically higher before tones 2, 7, and 8 than they are before other tones.

Statistically, the pairwise t-test comparisons revealed significant differences among the
normalised FO values of phrase-initial tone 2 but only at the offset position. As indicated in Figure
7-4, the eight phrase-final tones in the right panel have been clustered into two levels at the
threshold of 1, indicating that the normalised FO values of the phrase-initial tone 2 are statistically
significantly different as a function of phrase-final tones at the 100% sampling point. The results
also indicate that the offset values before tones 2, 7, and 8 are significantly higher than the values
before other tones. Conversely, the eight phrase-final tones are clustered into one single class at
the 10% sampling point (left panel), indicating no statistically significant differences at the onset

realisations of this phrase-initial tone 2.

Therefore, the FO realisations of phrase-initial tone 2 are not quite the same with respect to phrase-
final tones from both acoustic and statistical points of view. The variations of its FO offset are
also conditioned by the feature [+low onset] shared by the phrase-final tones 2, 7 and 8. If the
tone at the phrase-final position has a low onset value, the offset value of the phrase-initial tone

2 is supposed to be statistically significantly higher.
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igure 7-1. Z-score normalised FO shapes of phrase-initial tone 1 across phrase-final tones from 21 speakers.
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Figure 7-2. Clustering of normalised FO levels of phrase-initial tone 1 at 10% (left) and 100%o (right) sampling

points based on pairwise t-tests.
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igure 7-3. Z-score normalised FO shapes of phrase-initial tone 2 across phrase-final tones from 21 speakers.
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Figure 7-4. Clustering of normalised FO levels of phrase-initial tone 2 at 10% (left) and 100% (right) sampling

points based on pairwise t-tests.
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7.1.3. Phrase-initial tone 3

The pitch of phrase-initial tone 3 was indicated in Chapter 6 as being a rising contour, regardless
of the categories of its following tones, but variations ([24] and [25]) exist in the pitch offset
height. This auditory description is justified both acoustically and statistically. In Figure 7-5, the
normalised FO contours of this tone present a rising trend in all combinations but with apparent
variations. For example, this tone has a considerably higher FO offset before tone 2 than it has

before tone 1.

Statistically, the results of pairwise t-test comparison revealed significant differences among the
normalised FO offset values of the phrase-initial tone 3 but no significant differences among the
onset values across different combinations. As Figure 7-6 indicates, the eight phrase-final tones
in the right panel have been clustered into two levels at the threshold of 1 at the 100% sampling
point, indicating that the normalised FO offset values of the phrase-initial tone 3 are statistically
significantly different as a function of phrase-final tones. The results also indicate that the offset
values before tones 2, 7, and 8 are significantly higher than the values before other tones.
Conversely, the eight phrase-final tones are clustered into one single class at the 10% sampling
point (left panel), indicating no statistically significant differences between the onset realisations
of this phrase-initial tone 3 across its following tones.

Therefore, the realisations of this tone are also not quite the same across different tonal
combinations. The offset realisations are phonetically sensitive to the onset values of the tones at
the phrase-final position. The low FO onset feature of tones 2, 7, and 8 conditions the phrase-

initial tone 3 to have a higher offset height.

7.1.4. Phrase-initial tone 4

Phrase-initial tone 4 has been described in Chapter 6 as having an extra-high falling contour [63]
across all phrase-final tones. The pitch onset is perceived considerably higher than the highest
pitch onset among the phrase-final tones. This auditory observation is justified acoustically. As
shown in Figure 7-7, all contours of this tone present a falling tendency from 2 s.d. to somewhere
slightly over the midpoint. The FO onset is significantly higher than the onset of phrase-final tone

3, which is the highest among the phrase-final tones.

Statistically, the results of pairwise t-test comparison by effect size revealed no significant
differences among the normalised FO values of phrase-initial tone 4 at both the 10% and 100%
sampling points as a function of the phrase-final tones, as shown in Figure 7-8. The eight phrase-
final tones are clustered together as a single group at either the 10% (left) or the 100% (right)
sampling point at the threshold of 1, indicating that the FO realisations of both onset and offset of

phrase-initial tone 4 are statistically undifferentiated across their following tones.
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Figure 7-5. Z-score normalised FO shapes of phrase-initial tone 3 across phrase-final tones from 21 speakers.
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Figure 7-6. Clustering of normalised FO levels of phrase-initial tone 3 at 10% (left) and 100% (right) sampling
points based on pairwise t-tests.
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Figure 7-7. Z-score normalised FO shapes of phrase-initial tone 4 across phrase-final tones from 21 speakers.
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Figure 7-8. Clustering of normalised FO levels of phrase-initial tone 4 at 10% (left) and 100% (right) sampling

points based on pairwise t-tests.
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7.1.5. Phrase-initial tone 5

The pitch of phrase-initial tone 5 was indicated as a mid-falling contour [32] across eight
disyllabic combinations in Chapter 6. This auditory impression is somewhat justified by the
acoustically quantified results. As shown in Figure 7-9, all contours of this tone present a falling
tendency from around the midpoint to 1 s.d. below. Nevertheless, variations can also be observed
at both contour onset and offset. For example, the contour onset is slightly higher before tone 2

than it is before tone 1 while the offset is slightly higher before tone 7 than it is before tone 5.

Statistically, the normalised FO values of the phrase-initial tone 5 are not significantly different
as a function of the phrase-final tones at both onset and offset positions on the basis of pairwise t
test comparison by effect size. As shown in Figure 7-10, the eight phrase-final tones at either the
10% sampling point (left) or the 100% sampling point (right) are clustered into one single class
at the threshold of 1, indicating that the FO realisations of the phrase-initial tone 5 are statistically
undifferentiated across their following tones.

7.1.6. Phrase-initial tone 6

The phrase-initial tone 6 was indicated as having an extra-short and high-falling contour [65]
across different tonal combinations in Chapter 6. Similar to phrase-initial tone 4, its pitch onset is
also perceptually higher than the highest pitch onset of the tones in phrase-final position. This
auditory impression is justified acoustically. As shown in Figure 7-11, all contours show a falling
tendency between 2 s.d. and 1 s.d above the midpoint, and the onset and offset of phrase-initial
tone 6 are generally higher than the highest onset of phrase-final tone 3. Nevertheless, small
variations can be seen in the FO distribution. For example, the contour has a higher offset before

tone 8 than before tone 6.

Statistically, the results of pairwise t-test comparison by effect size revealed no significant
differences among the normalised FO values of the phrase-initial tone 6 at both the 10% and 100%
sampling points as a function of the phrase-final tones, as shown in Figure 7-12. The eight phrase-
final tones at either the 10% sampling point (left) or the 100% sampling point (right) are clustered
into one single class at the threshold of 1, indicating that the values are statistically
undifferentiated. In other words, the FO realisations of phrase-initial tone 6 are not categorically

affected by its following tones.
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Figure 7-9. Z-score normalised FO shapes of phrase-initial tone 5 across phrase-final tones from 21 speakers.
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Figure 7-10. Clustering of normalised FO levels of phrase-initial tone 5 at 10% (left) and 100% (right)

sampling points based on pairwise t-tests.

149




6+1

6+2
M
Muaasss
6+3 6+4
6+5 6+6
6+7 6+8

Figure 7-11. Z-score normalised FO shapes of phrase-initial tone 6 across phrase-final tones from 21 speakers.
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Figure 7-12. Clustering of normalised FO levels of phrase-initial tone 6 at 10% (left) and 100% (right)

sampling points based on pairwise t-tests.
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7.1.7. Phrase-initial tone 7

The pitch of phrase-initial tone 7 has been perceived as an extra-short mid-falling contour [32]
across most disyllabic combinations. The acoustically quantified results basically justify the
auditory impression. As shown in Figure 7-13, the contours all present a falling tendency but with
a very trivial slope around 0.5 s.d. Small variation can also be seen in the contour offset. For

example, the contour before tone 2 has a slightly higher offset than the contour before tone 1.

Statistically, the results of pairwise t-test comparison revealed no significant differences among
the normalised FO values of phrase-initial tone 7 at both the 10% and 100% sampling points as a
function of the phrase-final tones, as shown in Figure 7-14. The eight phrase-final tones at either
the 10% sampling point (left) or the 100% sampling point (right) are clustered into one class at
the threshold of 1, indicating that the values are statistically undifferentiated. In other words, the
FO realisations of phrase-initial tone 7 are not categorically affected by the tones at the phrase-
final position.

7.1.8. Phrase-initial tone 8

The pitch of phrase-initial tone 8 was described as a mid-falling contour [32] as a function of
phrase-final tones in Chapter 6 because it is perceptually difficult to identify whether the phrase-
final tones may exert influence on its FO realisations. The acoustically quantified results
effectively justify this auditory observation. As shown in Figure 7-15, all contours present a
falling tendency from 0.5 s.d. above the midpoint to 1 s.d. below the midpoint; however, small
variation can also be seen in the normalised values. For example, the contour before tone 3 tends

to have a slightly lower offset.

Statistically, no significant differences were revealed by the pairwise t-test comparison by effect
size among the normalised FO values of the phrase-initial tone 8 as a function of its following
tone at both 10% and 100% sampling points, as shown in Figure 7-16. The eight phrase-final
tones at either the 10% sampling point (left) or the 100% sampling point (right) are clustered into
one single class at the threshold of 1, indicating that the normalised FO values of phrase-initial
tone 8 are statistically undifferentiated across different tonal combinations. In other words, the FO

realisations of phrase-initial tone 8 are not categorically affected by its following tones.
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Figure 7-13. Z-score normalised FO shapes of phrase-initial tone 7 across phrase-final tones from 21 speakers.
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Figure 7-14. Clustering of normalised FO levels of phrase-initial tone 7 at 10% (left) and 100% (right)
sampling points based on pairwise t-tests.
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Figure 7-15. Z-score normalised FO shapes of phrase-initial tone 8 across phrase-final tones from 21 speakers.
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Figure 7-16. Clustering of normalised FO levels of phrase-initial tone 8 at 10% (left) and 100% (right)
sampling points based on pairwise t-tests.
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7.1.9. Summary

As discussed, the acoustic FO realisation of individual phrase-initial tones tends not to be
categorically affected by tones in phrase-final position, but their offset FO values appear to be
phonetically sensitive to the following FO contours. In general, the lower the FO onset of phrase-
final tones, the higher the FO offset of the tones in the phrase-initial position. This phonetic
sensitivity is statistically supported by the pairwise t test, as visualised in Figure 7-17 using the
hierarchical clustering algorithm. The phrase-initial tones 1, 2 and 3 have two statistically
significantly different offset variants with the value significantly higher preceding tones 2, 7, and

8 which present a low FO onset.

According to the results of acoustic quantification and normalisation, and statistical testing across
64 tonal combinations, the whole linguistically phonetic FO system of Zhangzhou phrase-initial
tones is thus plotted in Figure 7-18, representing the central tendency of Zhangzhou as an
independent variety. As shown in this figure, Zhangzhou has a relatively simple FO inventory in
terms of contour shapes—falling, level and rising—among the tones at the phrase-initial context.
Nevertheless, questions remain with respect to how many normalised FO levels are categorically
distinguished, and how can they be determined scientifically?

For example, each tone, except tones 1, 2 and 3, has two putative targets of onset and offset, while
tones 1, 2, and 3 have three putative targets of onset and offset; thus there logically would be 19
putative levels giving rise to 171 (=19*18/2) paired differences at either the 10% or 100%
sampling point to be tested under the assumption that all levels are independent and identically
normally distributed. The Bonferroni corrected alpha of 0.000292 has to be performed to achieve
significance. Figure 7-19 visualises the result of pairwise t tests using the hierarchical clustering
algorithm, in which the 19 putative levels are clustered into five classes at the threshold of 1.

Nevertheless, several aspects need to be further noted.

e The diverse levels of normalised FO contours, especially at the offset position, prose a
challenge to both statistical testing and the Chao pitch notation system with respect to
how many FO levels are categorically distinguished. The pairwise t-test results do not
satisfactorily cluster levels into reasonable categories. For example, the four contours
from tones 1 and 2 are indicated differently, including [23], [22], [33], and [32], as
indicated in Figure 7-19. The five levels of the Chao system appear insufficient to
characterise different FO levels in Zhangzhou.

e The FOrange of phrase-initial tones tends to be raised, ranging from above one standard
deviation below the mid to two standard deviations above the mid. Correspondingly,
the highest FO level appears higher than the highest level found in phrase-final position,
and the lowest FO level is higher than the lowest level of phrase-final tones. Such an
FO-raising phenomenon is considered bying induced by position in this study. In other
word, the utterance-initial position has a raising effect on FO realisation.

Incorporating the auditory observations, acoustic distributions, and reasonable portions of the
statistical testing results, the FO system of Zhangzhou phrase-initial tones is indicated in Table 7-
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1, with 6 indicating the highest FO level and 2 the lowest. The number 6 is used to denote the
extra-high pitch/FO level among the phrase-initial tones. As indicated in this table, the single
dimension of FO appears to be inadequate to differentiate the contours between phrase-initial tones
1 and 2, and the contours among phrase-initial tones 5, 7 and 8. The pitches of tones 1 and 2 both
present a mid level contour [33]; similarly, the normalised FO contours of tones 5, 7, 8 all present
a mid falling contour [32]. It is thus imperative to investigate other phonetic parameters which

may function with FO to construct the phrase-initial tonal distinctions.

Variants of phrase-initial tone 1 Variants of phrase-initial tone 2
o 4 4
o il
o 4

T T T
! ! ! 0 50 100 150
0 50 100 150
Variants of phrase-initial tone 3 Variants of phrase-initial tone 4
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Variants of phrase-initial tone 5 Variants of phrase-initial tone 6
o 4 4
T T T T T T T T
a 50 100 150 0 S0 100 150
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Variants of phrase-initial tone 8

T T
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Figure 7-17. Summary of the FO realisations of individual phrase-initial tones in Zhangzhou.
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Figure 7-18. Z-score normalised FO system of Zhangzhou phrase-initial tones.
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Figure 7-19. Clustering of normalised FO levels of phrase-initial tones at both 10% and 100% sampling points
based on pairwise t-tests.

Table 7-1. The numerical FO representations of Zhangzhou phrase-initial tones

Tone FO contour description Numerical representation
1 mid level [33]

2 mid level [33]

3 low rising [24])/[25]

4 extra-high-falling [63]

5 mid falling [32]

6 stopped extra-high falling [65]

7 stopped mid falling [32]

8 mid falling [32]
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7.2. Interactions Among Acoustic Parameters

This section mainly addressed how various segmental and suprasegmental parameters interact to
make the distinctions in acoustics among phrase-initial tones. The techniques of pairwise t testing
and hierarchical clustering algorithm were applied to determine whether the duration realisations
of individual phrase-initial tones may be affected by their following tones. The SplitsTree
software was used to assess the relatedness between phrase-initial tones from the phonological

perspective.

7.2.1. Duration

This subsection addresses three issues. (1) What are the length realisations of phrase-initial tones
across 64 disyllabic combinations? (2) Are their length realisations affected by phrase-final tones?
If so, to what extent are they affected, and what conditions the variations? (3) How many length
levels are statistically contrastive among the phrase-initial tones?

The duration contours presented in this section have been normalised and expressed as a
percentage of the average duration of all phrase-initial tones. Each phrase-initial tone also
logically would have 28 (=8*7/2) paired length differences to be tested across eight phrase-final
tones, assuming the length values are all independent and identically normally distributed. The
Bonferroni corrected alpha of 0.00186 (=0.05/28) was consistently performed to control for the
Type | Error and to achieve significance. The threshold of 1 was consistently employed to cluster

the values and examine how many length levels are contrastive from the statistical point of view.

The normalised duration values and the values of pairwise t-testing result for individual phrase-
initial tones are tabulated in Appendix B (Tables B10-B12). The methodologies of acoustic and

statistical processing are described in Chapter 2.

7.2.1.1. Phrase-initial tone 1

In Chapter 6, the phrase-initial tone 1 was perceived as having very similar length across different
disyllabic combinations. The acoustically quantified results basically justify the auditory
description but show small variation in the normalised values across the phrase-final tones. For
example, as plotted in Figure 7-20, the contour duration is slightly shorter before tone 3 than
before tone 8. Nevertheless, the clustering results based on the pairwise t tests by effect sizes
revealed no significant differences in the normalised duration values of this tone across eight
phrase-final tones. As shown in Figure 7-21, the terminal nodes at the bottom represent the eight
phrase-final tones, while the horizontal lines indicate the amount of difference in the normalised
FO of this phrase-initial tone 1. All the values in this figure are clustered into one level at the
threshold of 1, indicating no statistically significant differences among them. Therefore, the

duration realisations of phrase-initial tone 1 can be considered statistically undifferentiated across
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the eight combinations. In other words, the length realisations of phrase-initial tone 1 are not

affected by their following tones either phonologically or phonetically.
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Figure 7-20. Normalised duration of phrase-initial tone 1 across phrase-final tones from 21 speakers.
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Figure 7-21. Clustering of normalised length levels of phrase-initial tone 1 across eight phrase-final tones
based on pairwise t tests.

7.2.1.2. Phrase-initial tone 2

Phrase-initial tone 2 was described in Chapter 6 as having very similar length realisations across
the phrase-final tones. The acoustically normalised results show a small degree of variation in the
normalised values among eight combinations, as shown in Figure 7-22. For example, the duration
before tone 6 is slightly shorter than it is before tone 5. Nevertheless, the acoustic differences are
not statistically supported by the pairwise t tests. As indicated in Figure 7-23, the eight terminal
nodes, representing the eight phrase-final tones, have been clustered into one class at the threshold
of 1, indicating that the differences in the normalised FO of this phrase-initial tone 2 are not

statistically significant across the eight phrase-final tones.
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Figure 7-22. Normalised duration of phrase-initial tone 2 across phrase-final tones from 21 speakers.
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Figure 7-23. Clustering of normalised length levels of phrase-initial tone 2 across eight phrase-final tones
based on pairwise t tests.

7.2.1.3. Phrase-initial tone 3

Phrase-initial tone 3 was perceptually evaluated as having very similar length across eight phrase-
final tones. The results of the acoustic quantification and normalisation show some small variation
in the normalised duration values across combinations. For example, as shown in Figure 7-24, the
duration before tone 6 is slightly shorter than it is before any other tones. Nevertheless, no
statistically significant differences are discovered by the pairwise t tests among the eight
normalised duration values of the phrase-initial tone 3. As shown in Figure 7-25, the terminal
nodes at the bottom, representing the eight phrase-final tones, have been clustered together at the
threshold of 1, indicating that the differences in the normalised FO of this phrase-initial tone 3 are
not statistically significant across their following tones. In other words, its duration realisations

are not affected by their following tones phonologically.
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Figure 7-24. Normalised duration of phrase-initial tone 3 across phrase-final tones from 21 speakers.
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Figure 7-25. Clustering of normalised length levels of phrase-initial tone 3 across eight phrase-final tones
based on pairwise t tests.

7.2.1.4. Phrase-initial tone 4

Perceptually, phrase-initial tone 4 has very similar length realisations across different phrase-final
tones. Acoustically, a considerable amount of variation occurs among the normalised duration
values. For example, as Figure 7-26 shows, the duration is apparently longer before tone 5 than
before tone 6. Nevertheless, the pairwise t-testing results reveal no significant difference among
the eight normalised values for the phrase-initial tone 4. As indicated in Figure 7-27, the eight
terminal nodes, representing the normalised duration values of the phrase-initial tone 4 across
eight phrase-final tones, have been clustered into one class at the threshold of 1, indicating that
the durational differences are not statistically significant. Therefore, the auditory observation is
statistically justified, although some acoustic variation exists.
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Figure 7-26. Normalised duration of phrase-initial tone 4 across phrase-final tones from 21 speakers.
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Figure 7-27. Clustering of normalised length levels of phrase-initial tone 4 across eight phrase-final tones
based on pairwise t tests.

7.2.1.5. Phrase-initial tone 5

Phrase-initial tone 5 was perceptually observed as having very similar realisations across eight
tonal combinations. Acoustically, as shown in Figure 7-28, the normalised duration values are not
quite the same across the phrase-final tones. For example, the duration is shorter before tone 3
than it is before tone 2. Statistically, the pairwise t-test comparison results show significant
differences among the eight normalised duration values. As Figure 7-29 indicates, the eight
terminal nodes at the bottom, which represent the normalised duration values of this phrase-initial
tone 5 across eight phrase-final tones, have been clustered into two levels at the threshold of 1.
This clustering indicates that the two levels are statistically significantly different, with the values

before tones 3 and 6 being significantly shorter than the values before other tones.

Therefore, the auditory observation is not quite justified either statistically or acoustically. In other
words, the phrase-initial tone 5 can be marginally considered having two levels of length
realisation, since the effect is not great, it is dependent on the selection of the threshold for

significance.
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Figure 7-28. Normalised duration of phrase-initial tone 5 across phrase-final tones from 21 speakers.
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Figure 7-29. Clustering of normalised length levels of phrase-initial tone 5 across eight phrase-final tones
based on pairwise t tests.

7.2.1.6. Phrase-initial tone 6

Phrase-initial tone 6 was indicated in Chapter 6 as being perceived as having an extra-short
duration, regardless of its following tones. The acoustically quantified results basically justify the
auditory description, but the normalised duration values still show a small amount of variation.
As indicated in Figure 7-30, the duration before tone 7 is slightly longer than it is before tone 6.
Nevertheless, the differences in the normalised values of this tone across the phrase-final tones
are not statistically significant according to the pairwise t-test comparisons. As shown in Figure
7-31, the eight terminal nodes at the bottom, representing the duration values of this tone across
eight tonal combinations, are clustered into one group at the threshold of 1, which was essentially

expected, since very short durations have less scope for variation in absolute terms.
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Figure 7-30. Normalised duration of phrase-initial tone 6 across phrase-final tones from 21 speakers.
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Figure 7-31. Clustering of normalised length levels of phrase-initial tone 6 across eight phrase-final tones
based on pairwise t tests.

7.2.1.7. Phrase-initial tone 7

Determining whether the length realisations of phrase-initial tone 7 are affected by following
tones is perceptually difficult because its length is consistently realised as extra-short across
different tonal combinations. The auditory impression is effectively justified by the acoustically
quantified results. As shown in Figure 7-32, the normalised duration values are all around 50%
of the average duration of all tones from all speakers, and the variations among the values are
very small. The statistical testing results also support the auditory observation because no
significant difference is found among eight duration values. As indicated in Figure 7-33, the eight
terminal nodes at the bottom are clustered into one group at the threshold of 1, showing that the
duration values of this phrase-initial tone 7 are statistically indistinguishable across the eight tonal
combinations. In other words, its realisations are not affected by the tones at the phrase-final

context at both the phonological and phonetic levels.
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Figure 7-32. Normalised duration of phrase-initial tone 7 across phrase-final tones from 21 speakers.
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Figure 7-33. Clustering of normalised length levels of phrase-initial tone 7 across eight phrase-final tones
based on pairwise t tests.

7.2.1.8. Phrase-initial tone 8

Phrase-initial tone 8 was indicated in Chapter 6 as being perceived as having very similar
realisations in terms of length across the phrase-final tones. Acoustically, a small amount of
variation occurs in the acoustically normalised duration values with respect to different tonal
combinations. For example, as shown in Figure 7-34, the duration is apparently longer before
tone 5 than before tone 6. Nevertheless, the results of pairwise t test comparisons justify the
auditory observation because no significant difference is found among the eight normalised
duration values. As clustered in Figure 7-35, the eight terminal nodes are grouped together at the
threshold of 1, indicating that the normalised duration values of this phrase-initial tone 8 are

statistically indistinguishable across its following tones.
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Figure 7-34. Normalised duration of phrase-initial tone 8 across phrase-final tones from 21 speakers.
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Figure 7-35. Clustering of normalised length levels of phrase-initial tone 8 across eight phrase-final tones
based on pairwise t tests.

7.2.1.9. Summary

As described above, the length realisations of phrase-initial tones are not quite the same across
different tonal combinations. In general, the duration tends to be measurably shorter before falling
contours (e.g., tones 3, 4, and 6), especially before the stopped tone 6, while they are more likely
to be longer before dominantly level contours (e.g., tones 2, 5, and 8), especially before the mid-
level pitched tone 5. Nevertheless, the acoustic differences in the normalised duration values are
generally not statistically significant, according to the pairwise t-test comparisons by effect sizes
across 64 combinations, except for phrase-initial tone 5 showing two marginally significant
levels, as shown in Figure 7-36.

In the figure, the nine phonetic variants of length realisation of phrase-initial tones are expressed
as a percentage of the average normalised duration value of all phrase-initial tones over 64 tonal
combinations and over 21 speakers. As shown, tonal length does vary across different phrase-

initial tones. The two stopped tones 6 and 7 tend to have the shortest length. Nevertheless, whether
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the length differences among the stopped tones and among the unstopped tones are statistically
significant, and as well as how many length levels are contrastive among the tones at the phrase-

initial context, need to be further tested using the pairwise t test comparison.

To address this issue, an exhaustive pairwise t-test comparison was conducted on 36 (=9*8/2)
paired differences in the normalised duration values with the Bonferroni corrected alpha of
0.001389 (=0.05/36) to control for the Type I Error and to achieve significance. The statistical
result was further visualised using the hierarchical clustering algorithms as shown in Figure 7-37.
The nine phonetic variants of length realisations of phrase-initial tones across 64 tonal
combinations are clustered into two levels, with the values before tones 6 and 7 being statistically

significantly shorter than the values before other tones.

s00- Phrase-initial tones

| b |
|

Phrase-inital tone

normalised duration
=1
2

Figure 7-36. Summary of normalised FO duration of individual Zhangzhou phrase-initial tones
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Figure 7-37. Clustering of normalised tonal length levels of phrase-initial tones across eight phrase-final tones
based on pairwise t tests.
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Based on the acoustic quantification and statistical clustering results, a linguistic-tonetic length
representation of Zhangzhou phrase-initial tones is shown in Table 7-2. The number of length
contrasts is significantly reduced to only two among the phrase-initial tones. The length contrasts
among the unstopped tones have been neutralised to medium level while the contrasts among the
stopped tones have been neutralised to extra-short level. The extra-short property of the two
stopped tones are considered to be motivated by the preservation of obstruent codas in the phrase-

initial syllables (see Section 7.2.4).

Table 7-2. Length system of Zhangzhou phrase-initial tones based on acoustics and statistics

Tone FO contour description Length Notation
1 mid level [33] medium [V]

2 mid level [33]

3 low rising [24]/[25]

4 extra-high-falling [63]

5 mid falling [32]

8 mid falling [32]

6 stopped extra-high falling [65]  extra short [\:/]

7 stopped mid falling [32]

7.2.2. Vowel quality

In Chapter 6, all vowels were perceived consistently as monophthongs without changing their
qualities in the phrase-initial syllables. From the articulatory point of view, the monophthong
realisation indicates only one articulatory trajectory because the tongue generally remains in the

same position of the oral cavity throughout the articulation of related sounds.

From the acoustic point of view, the monophthongs indicate relatively stable manifestations of
the first and second formants not changing across time. Figures 7-38 and 7-39 show the acoustic
realisations of Zhangzhou vowels with respect to phrase-initial stopped and unstopped tones.
Because only high and low vowels are found in the stopped tones, no examples of the mid vowels

are provided.
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Figure 7-38. Acoustic realisations of high vowel /i/ in phrase-initial unstopped tone 5 and stopped tone 7

(WYF, male).

/kut6.ts"we3/ 'bone marrow' :

Figure 7-39. Acoustic realisations of high vowel /u/ in phrase-initial unstopped tone 4 and stopped tone 6

(WYF, male).

In Figure 7-38, the first morphemes of the two disyllabic tokens have the same high vowel /i/ at
the underlying level and similar mid-falling FO contours at the surface. The formant patterns of
the /ki5/ morpheme in the unstopped tone 5 are relatively steady and horizontal without significant

change across time, indicating a monophthong realisation of this high vowel.

In the second token /tit7.tet7/ ‘non-stopped’, the F1 curve of the /tit7/ morpheme is relatively
stable across time while the F2 is largely steady but presents a slightly falling trend toward a
frequency around 1600 Hz during the last 5%. Nevertheless, the falling F2 curve does not indicate
a backward movement of the tongue for a diphthong production in this context but rather indicates
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a formant transition to the obstruent coda at the alveolar ridge. Therefore, the acoustics justify a

monophthong realisation of the high vowel in the stopped tone.

In Figure 7-39, the first morphemes of the two tokens have the same underlying high vowel /u/
and similar high-falling FO contours. The F1 curve of the morpheme /ts'u4/ in the unstopped tone
4 is relatively stable across time while its F2 curve is largely stable, except for the first 10%
showing a falling tendency. However, it is reasonable to assume it is perturbed by the aspirated
onset [tst]. The acoustic manifestations essentially indicate a monophthong realisation of this high

vowel /ul/.

In the second token /kut6.ke4/ ‘bone skeleton’, the F1 curve of the morpheme /kut6/ is relatively
stable across time while the F2 presents a gradual rising tendency toward a frequency range
around 1600 Hz. This rising F2 contour does not indicate a fronting movement of the tongue
within the oral cavity; instead, it indicates the formant transition to the alveolar obstruent coda.
Therefore, the production is characteristic of monophthong in this stopped tone.

Therefore, although the formant patterns of each token are not exactly the same and both present
a different dynamic portion influenced by the production of adjacent segments, the
diphthongisation manifestations as noted for equivalent vowels in the citation tones are not
observed in this context.

7.2.3. Voice quality

Four different phonation types—modal, breathy, creaky, and falsetto—in phrase-initial syllables
were discussed in Chapter 6 from the auditory point of view. The distributions of modal, breathy,
and creaky phonation are simultaneously conditioned by the vowel quality, pitch and tone while
the occurrence of falsetto voice is purely constrained by tone, because vowels that can occur in

the phrase-initial stopped tone 6 are all perceived as having a falsetto voice.

The articulatory correlations between vowel height, pitch, and the non-modal phonation of creaky
and breathy were discussed in Chapter 5. For example, the production of high vowel and breathy
voice share common articulatory gestures of a lowered larynx and distended supraglottal cavity
with a raised tongue body and advanced root. The correlation between falsetto voice and the
phrase-initial tone 6 is also understandable. The pitch of the phrase-initial tone 6 is extra short
and high, indicating a highly rapid vibration of the vocal folds within a very short time frame.
Similarly, the falsetto voice involves particularly thin-edged glottal margins of the vocal folds,
which are stretched longitudinally from front and back during the production and which contribute
to generating sounds with abnormally high pitch (Laver, 1994; Baart, 2010). Therefore, the
falsetto voice and tone 6 share similar laryngeal settings of vocal folds that rapidly vibrate and

create the impression of high pitch.
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These differences in articulatory configurations are expected to generate differences in acoustic
manifestations. Figures 7-40, 7-41, and 7-42 show how the acoustic realisations of voice quality
of the phrase-initial syllables vary with respect to vowel quality, pitch and/or tone in Zhangzhou.
The illustrated vowels include high, mid, and low. The FO contours include rising [35], level [33],
mid fall [32], extra-high fall [63], and extra-short and high fall [65]. The waveforms and spectral

slices are extracted from the last 10% of the related sounds.

Figure 7-40 concerns the voice quality realisations of the high vowel /i/ in the phrase-initial
syllables across five different FO contours. In the rising [35], level [33], mid-falling [32], and
extra-high falling [63] contexts, the waveforms are all superimposed with very dense and random
glottal fluctuations over time while the amplitude differences of H1-H2 are consistently positive
and the H1 value is always higher than any other amplitude value across frequency ranges. The
acoustic manifestations of dense glottal fluctuation and steeply positive H1-H2 values justify the
auditory observation concerning the correlation between high vowel and breathy voice.

In the extra-short and high-falling contour [65], the manifestations are neither breathy nor creaky.
The glottal pulses are neither superimposed with dense fluctuations nor irregularly distributed.
The amplitude value of the first harmonic is neither the highest across the frequency ranges nor
similar to that value of the second harmonic. Instead, the manifestations seem characteristic of
modal phonation. Nevertheless, the individual harmonics in the spectrum are more clearly
identified and separated with more rounding and smoothing shapes. The number of glottal pulses
within a given time (e.g., 0.02 second) is greater than the number in other FO contexts, indicating
much faster vibrations of vocal folds. Therefore, this high vowel appears to present a falsetto
voice rather than breathy, creaky, or modal phonation in this extra-short and high-falling FO

environment (tone 6).
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Figure 7-40. Phonation realisations of phrase-initial high vowel /i/ in five different FO contexts (WYF, male).
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Figure 7-41. Phonation realisations of phrase-initial mid vowel /e/ in four different FO contexts (WYF, male).

Figure 7-41 indicates the voice quality realisations of mid vowel /e/ in four FO contours. No
example is provided with the extra-short and high-falling FO because the mid vowels are not found
in the stopped tones in Zhangzhou. In the rising [35], level [33], and extra-high falling [63]
contours, the glottal pulses are consistently periodic and regular without widespread fluctuations.
The spectral tilt of H1-H2 is steeply negative. The two manifestations indicate a modal voice of
the mid vowel in these three tonal environments. Nevertheless, in the mid-falling context [32],
the glottal pulses become aperiodic and irregularly spaced, and the amplitude difference between
H1 and H2 is around zero, indicating a creaky voice accompanying the production of the mid

vowel in this mid-falling context.
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Figure 7-42. Phonation realisations of phrase-initial low vowel /e/ in five different FO contexts (WYF, male).
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Figure 7-42 shows three different types of acoustic manifestations for the voice quality realisation
of low vowel /e/. (1) In the rising and level FO contours, the intervals between glottal pulses are
periodic and evenly spaced while the amplitude of the second harmonic is consistently higher
than that of the first harmonic. The two manifestations justify the auditory impression of the
modal voice realisation of the low vowels in non-falling tonal environments. (2) In the extra-high
falling [63] and mid-falling [32] contours, the intervals of glottal pulses tend to be irregular and
less frequent during the last 10% of the utterance. The H1 has a similar amplitude value as the H2
in the [63] contour, a typical property of creaky phonation. The H1 value is slightly higher than
that of the H2 in the [32] contour but considerably lower in other harmonics, falsifying a breathy
voice manifestation. Combined with its irregular realisation on the waveform, this vowel is

acoustically creaky in the [32] FO context.

(3) In the extra-short and high-falling [65] context, the acoustic manifestations of the low vowel
are neither breathy nor creaky voice for two reasons. First, the glottal pulses are neither irregularly
distributed nor superimposed with random fluctuations. Second, the amplitude value of H1 is
neither steeper than that of H2 nor similar to that of H2. On the contrary, the manifestations seem
similar to that of modal phonation, but with some differences. For example, the number of glottal
pulses within 0.02 second is much greater than the number occurring in modal phonation. The H2
value is the highest among all harmonics, rather than lower or closer to the H2 as shown in modal
phonation in the rising and level contexts. Therefore, this vowel acoustically presents
characteristics of another type of phonation—falsetto, which is associated with extra high and
short FO/pitch level.

7.2.4. Syllable coda

In contrast to the non-realisation of obstruent codas in the monosyllabic setting, the obstruent
codas were described largely as perceivable in phrase-initial syllables in Chapter 6. From the
articulatory point of view, the preservation of obstruent codas indicates an active formation of
oral constriction at a particular point of the oral cavity, whereby the airstream is momentarily
blocked. From the acoustic point of view, the temporary oral constriction for obstruent coda
production indicates the formant frequency transitions to a particular frequency range at the end
of the preceding vowel. Figure 7-43 shows the acoustic realisations of three different types of
obstruent codas in the phrase-initial syllables with the same nucleus and tone at the underlying

level.

As indicated in Figure 7-43, the formant patterns of the low vowel [e] are considerably different
across the last 5% of the three phrase-initial morphemes being investigated. In the /tsep7/
morpheme, the F2 curve shows an apparently falling tendency to a frequency range around 850
Hz, indicating a postvocalic-bilabial obstruent coda. In the /pet7/ morpheme, the F2 curve is

slightly raised towards a frequency range around 1600 Hz, indicating an alveolar place of
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articulation. In the /6ek7/ morpheme, the F2 curve noticeably increases while the F3 curve
abruptly drops, but the two curves converge at a frequency range of about 2100 Hz, indicating a

velar obstruent coda.

/tsep7.pe4/ 'eighteen’

A

Figure 7-43. Acoustic realisations of obstruent codas in phrase-initial morphemes (WYF, male).

Therefore, the preservation of obstruent codas in phrase-initial morphemes is acoustically
justified by the manifestations of formant transitions, and the target frequency ranges the formants
transit to. In addition, the preservation of obstruent codas in phrase-initial morphemes also gives
rise to several phonetic effects on the whole syllables, including syllable shortening,
monophthong realisation of high vowels, and falsetto voicing of vowels in the stopped tone 6.
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e The syllable shortening effect was addressed in Section 7.2.1. The stopped tones 6 and
7 both present an extra-short property in terms of length, especially tone 7, whose
duration is statistically longer than many other tones in citation but shortest in the
phrase-initial position.

e The monophthong realisation of high vowels in the stopped tones was addressed in
Section 7.2.2. Contrary to high-vowel diphthongisation in the stopped tones in the
monosyllabic setting, the high vowels are all realised as monophthongs across all
phrase-initial tones.

e The effect of falsetto voicing of vowels was discussed in Section 7.2.3, in which vowels
that can occur in the stopped 6 are shown in falsetto voice with an extra-short and high-
falling FO contour.

7.2.5. Summary

According to the descriptions in this section, a bundle of segmental and suprasegmental
parameters function together to code the tonal realisations and distinctions among the phrase-
initial syllables. Table 7-3 shows multidimensional realisations of Zhangzhou phrase-initial tones.
Each tone consists of a bundle of phonetic features that interact in a complicated but also
systematic way. For example, the phrase-initial tone 7 indicates a mid falling contour [32], extra
short duration, no diphthongisation, breathy high vowel, creaky low vowel, and realised obstruent
coda; while phrase-initial tone 1 suggests a mid-level contour [33], medium length, no
diphthongisation, breathy high vowel, modal-voiced low vowel, and sonorant coda. Nevertheless,
guestions remain as to how these phrase-initial tones are related to each other in terms of their
multidimensional realisations from the phonological point of view, as well as how the patterns

hidden within this framework can be revealed and interpreted.

Table 7-3. Multidimensional realisations of Zhangzhou phrase-initial tones

Tone FO/Pitch Length Diphthong  High vowel Low vowel Syllable coda

1 [33] medium - breathy modal sonorant
2 [33] medium - breathy modal sonorant
3 [24)/[25] medium - breathy modal sonorant
4 [63] medium - breathy creaky sonorant
5 [32] medium - breathy creaky sonorant
6 [65] extra short - falsetto falsetto realised obstruent
7 [32] extra short - breathy creaky realised obstruent
8 [32] medium - breathy creaky sonorant

To address these issues, the SplitsTree software was employed to generate a phylogram in order

to visualise the internal relations among the eight phrase-initial tones. Their multidimensional

properties were firstly transformed into a multiple sequence alignment to be computed in the

SplitsTree software. Figure 7-44 shows the calculated result of the phonological mapping between

Zhangzhou phrase-initial tones. The root of the tree represents the set of phrase-initial tones being
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investigated. The horizontal lines are branches representing the amount of similarity in terms of
multidimensional parameters across eight phrase-initial tones. The longer the branch, the lesser
the amount of similarity that tones share in phonetics. The vertical lines indicate the relation
between tones. The closer the lines, the higher the probability that the tones belong to the same
categories, in other words, the higher the probability of tonal contrast neutralisation in this
context. Each tone in this figure consists of a bundle of features corresponding to the information

presented in Table 7-3. Additionally, three notable aspects deserve further discussion.

The tones that share similar FO realisations, for example, phrase-initial tones 7 (17) and 8 (I8), are
not categorically related to each other, since they present differences in two other dimensions—
length and syllable coda. This fact further indicates that the single dimension of FO/pitch is not
sufficient to characterise Zhangzhou tones.

Two processes of tonal contrast neutralisation occur phrase initially. Phrase-initial tones 1 and 2
(11 and 12) are clustered together. Similarly, phrase-initial tones 5 and 8 (15 and 18) are clustered
together, without significant differences in terms of the multidimensional framework. The finding
further supports the right-dominant system of Zhangzhou tone sandhi in which the number of
tonal contrasts is significantly reduced.

The tones that are neutralised in citation are categorically contrastive in the phrase-initial context.
Compared to the phylogram in Figure 5-17, tones 2 and 8 (12 and 18) are not closely related to
each other phrase initially because of the differences in the realisations of FO and low vowel
phonation, signifying they are two separate categories. This finding justifies the notion that the

single context of citation is not sufficient to construct the number of tonal contrasts in Zhangzhou.

Zhangzhou Phrase-initial Tones

|Il

.

—_— 13

17

I8

14

I6

Figure 7-44. Phylogram representation of Zhangzhou phrase-initial tones (I=Phrase-initial).
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7.3. Previous Studies

No previous acoustic or statistical studies have explored how the phrase-initial tones are realised
and how they interact with the individual phrase-final tones in Zhangzhou. The descriptions of
this study address the research gap and advance the understanding of the nature of tonal

interactions in Zhangzhou.

7.4. Conclusion

This chapter has provided a detailed exploration into the acoustic realisations of phrase-initial
tones across 64 disyllabic combinations, supplemented by statistical testing and articulatory
explanation. The results show that the realisations of the phrase-initial tones are not categorically
affected by the tones in the phrase-final position but are sensitive to surrounding phonetic
environments and present statistically significantly different variants in some tonal combinations,
especially in FO realisations. The tonal realisations in phrase-initial position are also
multidimensional, involving systematic interactions among various parameters. The obstruent
codas that are not realised in the monosyllabic setting are preserved in this context, significantly

shortening the syllable length and giving rise to falsetto voice in the stopped tone 6.

In addition, significant processes of contrast neutralisation occur in the phrase-initial context. The
length contrasts are reduced to only two of either extra-short or medium; the number of tonal
contrasts is also significantly reduced by two processes of neutralisation. The findings provide a
solid and objective foundation for the theoretical explanation of the mapping between the citation

and phrase-initial tones in Chapter 9.
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Chapter 8: Acoustic Properties of Zhangzhou Phrase-Final Tones

This chapter explores the acoustic properties of Zhangzhou phrase-final tones. It largely examines
what phrase-final tones are realised in acoustics with respect to the multidimensional parameters
across 64 tonal combinations. It applies the techniques of pairwise t-testing and the hierarchical
clustering algorithm to determine whether the FO and duration realisations of individual phrase-
final tones may be affected by their preceding tones. It employs the SplitsTree software to assess

the relatedness between phrase-final tones from the phonological perspective.

8.1 Z-Score Normalised FO Model

Three major issues are addressed in this section. (1) What are individual phrase-final tones
realised across 64 tonal combinations in terms of normalised FO? (2) Are the FO realisations of
phrase-final tones affected by preceding tones? If so, to what extent are they affected, and what
conditions the variations? (3) How many normalised FO levels are contrastive among the phrase-

final tones?

The FO contours presented in this section were obtained by z-score normalising the raw FO values
of the related contours from 21 speakers’ utterances. Each phrase-final tone also logically would
have 28 (=8*7/2) paired FO differences to be tested at either the 10% or the 100% sampling point,
assuming that the normalised values are all independent and identically normally distributed. The
Bonferroni corrected alpha of 0.00186 (=0.05/28) was consistently performed to control for the
Type | Error for the values at the sampling point under consideration. The hierarchical clustering
algorithms was employed to visualise the testing result. The threshold of 1 was consistently
utilised to cluster the values and examine how many normalised FO levels are contrastive from

the statistical point of view.

The normalised values and the values of pairwise t-testing result for individual phrase-final tones
are tabulated in Appendix B (Tables B13-B16). The methodologies of acoustic and statistical

processing are described in Chapter 2.

8.1.1. Phrase-final tone 1

Phrase-final tone 1 was indicated as being perceived as having a rising pitch contour with
considerable variation (e.g., [34], [23], and [24]) across different combinations in Chapter 6. The
auditory impressions are basically justified by the acoustically quantified results. As Figure 8-1
shows, all the normalised FO contours are rising but differ slightly in both contour onset and offset
height. For example, the contour onset value is lower after tone 5 than after tone 1 while the offset

value is apparently lower after tones 3, 4, and 6.

The results of the pairwise t-test comparison by effect sizes revealed significant differences

among the normalised FO values of phrase-final tone 1 at both the 10% and 100% sampling points,
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as shown in Figure 8-2. The left panel indicates the normalised FO values of phrase-final tone 1
across its eight preceding tones at the 10% sampling point (onset), while the right panel indicates
the corresponding values at the 100% sampling point (offset). As indicated, the values are
clustered into two levels at both sampling points at the threshold of 1, representing statistically
significant differences among them. The normalised FO contour onset is significantly higher after
tones 1, 2, and 3 than it is after other tones, while the contour offset is significantly lower after
tones 4, 3, and 6.

Therefore, the FO realisations of phrase-final tone 1 are not quite the same over the phrase-initial
tones from the auditory, acoustic, and statistical perspectives. Both onset and offset values are
sensitive to surrounding FO environments. If a preceding tone has the feature of [-falling] (tones
1, 2, and 3), the onset value is statistically significantly higher. If a preceding tone has the feature
of either [+mid level] (tones 1 and 2) or [+mid falling] (tones 5, 7, and 8), the offset value tends
to be significantly higher.

8.1.2. Phrase-final tone 2

In Chapter 6, the phrase-final tone 2 was described as having a falling contour with a low level
plateau varying slightly in the pitch onset ([211] or [311]). The acoustically normalised results
basically justify the auditory description. As shown in Figure 8-3, the contours largely present a
falling tendency but have a low level plateau during the second half across different combinations.
Apparent variation can be seen in the contour onset. For example, the contours after tones 1 and

3 have numerically higher onsets than the contours after tones 7 and 8.

The results of pairwise t testing by effect size also support the auditory observation of pitch onset
variations. As indicated in Figure 8-4, the terminal nodes at the bottom in the left panel have been
clustered into two levels, indicating that the normalised FO values of the phrase-final tone 2 are
statistically significantly different across the eight phrase-initial tones, with the values being
higher after tones 1 and 3 than after any other tones at the 10% sampling point. Nevertheless, the
effect is marginal depending on the threshold selection. Conversely, the values are clustered
together at the 100% sampling point across the eight combinations as shown in the right panel,

signifying that the offset realisations are not affected by the preceding tones.

Therefore, phrase-final tone 2 has statistically significant but marginal differences in the
realisations of FO onset. Nevertheless, the conditioning factor for the onset variations tends to be
tonally relevant. For example, the FO onset is significantly higher after tone 1 than after tone 2,
but the two phrase-initial tones have very similar realisation in both FO height and contour.
Similarly, the onset is significantly higher after tone 3 than tone 6 while tones 3 and 6 share a

very similar FO offset phrase initially.
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Figure 8-1. Z-score normalised FO shapes of phrase-final tone 1 across phrase-initial tones from 21 speakers.
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Figure 8-2. Clustering of normalised FO levels of phrase-final tone 1 at 10%o (left) and 100% (right) sampling
points based on pairwise t-tests.
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Figure 8-3. Z-score normalised FO shapes of phrase-final tone 2 across phrase-initial tones from 21 speakers.
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Figure 8-4. Clustering of normalised FO levels of phrase-final tone 2 at 10% (left) and 100% (right) sampling
points based on pairwise t-tests.
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8.1.3. Phrase-final tone 3

The pitch of phrase-final tone 3 was described in Chapter 6 as a high-falling contour [52] across
eight combinations. The acoustically normalised results support the auditory impression. As
shown in Figure 8-5, the contours of this tone consistently show a high-falling tendency across
different patterns but with slight differences in the FO onset values. For example, the onset appears

lower after tone 4 than after tone 3.

Statistically, the pairwise t-test comparisons revealed no significant difference among the
normalised FO values of the phrase-final tone 3 as a function of the phrase-initial tones at both the
10% and 100% sampling points. As shown in Figure 8-6 using the hierarchical clustering
algorithms, the eight terminal nodes, representing the normalised FO values of the phrase-final
tone 3 across their preceding tones, are clustered into one class at both the 10% (left) and 100%
(right) sampling points. This clustering result indicates that the FO realisations of phrase-final tone
3 are statistically undifferentiated across different phrase-initial tones.

8.1.4. Phrase-final tone 4

Phrase-final tone 4 was observed as having two pitch variants in Chapter 6. It is realised as a mid-
high falling contour [41] in most disyllabic combinations but as a high falling contour [51] after
tones 3 and 6, which have high pitch offsets. The results from the acoustic quantification and
normalisation justify the auditory observation. As shown in Figure 8-7, the contours of this tone
largely descend from slightly above the midpoint, but after tones 3 and 6, the FO contours

apparently have higher onsets.

Statistically, the pairwise t test comparisons by effect size also support the auditory impression.
As indicated in Figure 8-8, the terminal nodes at the bottom in the left panel have been clustered
into two levels, indicating that the normalised FO values of the phrase-final tone 4 are statistically
significantly different across the eight phrase-initial tones at the 10% sampling point at the
threshold of 1, with the values being significantly higher after tones 3 and 6 than after any other
tones. Conversely, the values are clustered together as one group at the 100% sampling point
across the eight combinations as shown in the right panel, signifying that the offset realisations

of the phrase-final tone 4 are not affected by the preceding tones.

Therefore, the FO onset realisation of phrase-final tone 4 is also phonetically sensitive to the FO
offset of preceding tones. If the phrase-initial tone has the feature of [+high offset] (tones 3 and

6), its onset will be statistically significantly higher.
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Figure 8-5. Z-score normalised FO shapes of phrase-final tone 3 across phrase-initial tones from 21 speakers.
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Figure 8-6. Clustering of normalised FO levels of phrase-final tone 3 at 10% (left) and 100% (right) sampling
points based on pairwise t-tests.
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Figure 8-7. Z-score normalised FO shapes of phrase-final tone 4 across phrase-initial tones from 21 speakers.

Phrase-final tone 4 Phrase-final tone 4

ﬁ

tone?
tones
tones
toned
tone7
tone2
tones
tone1
toned
toned
tones

10% sampling point 100% sampling point

Figure 8-8. Clustering of normalised FO levels of phrase-final tone 4 at 10% (left) and 100% (right) sampling
points based on pairwise t-tests.
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8.1.5. Phrase-final tone 5

Phrase-final tone 5 was perceived as a mid-level [33] across all tonal combinations in Chapter 6,
and identifying whether its FO ralisations may be influenced by surrounding tones tends to be
perceptually difficult. The acoustic quantification and normalisation results show a level FO
contour around the midpoint but with small variation in the contour distribution. For example, the

contours have slightly higher levels after tones 1, 2, and 5 than after other tones (Figure 8-9).

The pairwise t test comparisons by effect size also support the auditory impression. As indicated
in Figure 8-10, the terminal nodes in the left panel are clustered into two levels at the threshold
of 1, indicating that the normalised FO values of the phrase-final tone 5 are statistically
significantly different across the eight phrase-initial tones at the 10% sampling point, with the
values being significantly lower after tones 4, 5, and 8 than after any other tones. Conversely, the
terminal nodes are clustered together as one group at the 100% sampling point across the eight
combinations as shown in the right panel, demonstrating that the offset realisations of the phrase-
final tone 5 are not affected by the preceding tones.

Therefore, the FO realisations of phrase-final tone 5 are not quite the same over the phrase-initial
tones from the acoustic, and statistical perspectives. The conditioning factor for the onset
variations of phrase-final tone 5 can be generalised as [- low offset] of phrase-initial tones. If the
preceding tone (tones 4, 5, and 8) has an offset lower than the midpoint, the phrase-final tone 5

should have a statistically significantly lower onset, and vice versa.

8.1.6. Phrase-final tone 6

Phrase-final tone 6 was described in Chapter 6 as having a falling contour with variation in pitch
onset height ([41] and [51]). This auditory impression is basically justified by the acoustically
guantified and normalised results. As Figure 8-11 shows, all contours of this tone are falling but
vary gradually in the onset levels. For example, the contour after tone 4 apparently has a lower

onset than the contour after tone 3.

The statistical testing results of pairwise t-test comparisons also support the auditory discription.
As Figure 8-12 shows, the terminal nodes in the left panel, representing the normalised FO values
of phrase-final tone 6 across eight phrase-initial tones, have been clustered into two levels at the
10% sampling points. The clustering result indicates significant differences with the onset values
significantly lower after tones 4, 5, 7, and 8 than after other tones. Conversely, there is no

statistically significant difference among the values at the 100% sampling point.

Therefore, the FO realisations of phrase-final tone 6 are also acoustically sensitive to the FO offset
of preceding tones. The conditioning factor for the variations can be generalised as [- low offset].
If the preceding tone (tones 1, 2, 3, and 6) has an offset at or above the midpoint, tone 6 should

have a statistically significantly higher onset phrase finally, and vice versa.
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Figure 8-9. Z-score normalised FO shapes of phrase-final tone 5 across phrase-initial tones from 21 speakers.
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Figure 8-10. Clustering of normalised FO levels of phrase-final tone 5 at 10% (left) and 100% (right) sampling
points based on pairwise t-tests.
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Figure 8-11. Z-score normalised FO shapes of phrase-final tone 6 across phrase-initial tones from 21 speakers.
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Figure 8-12. Clustering of normalised FO levels of phrase-final tone 6 at 10% (left) and 100% (right) sampling
points based on pairwise t-tests.
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8.1.7. Phrase-final tone 7

The pitch of phrase-final tone 7 was perceived as having two variants of [311] and [211] as a
consequence of the influence of the preceding pitch offset. The acoustically quantified results
justify this auditory impression. As shown in Figure 8-13, the contours of this tone all present a
falling tendency but have considerable variation in the normalised FO onset values. For example,

the contour has a higher onset after tone 3 than after tone 4.

The statistical testing results also justify the acoustic and auditory observations. As shown in
Figure 8-14, the eight phrase-initial tones in the left panel, representing the eight normalised FO
values of phrase-final tone 7 as a function of its preceding tones, are clustered into two levels at
the 10% sampling point, with the values after tones 1, 2, 3 and 6 being significantly higher than
the values in other group. On the contrary, the normalised FO values at the 100% sampling point
are statistically undifferentiated across eight combinations at the threshold of 1.

Therefore, the FO realisations of phrase-final tone 7 are not exactly the same as a function of the
phrase-initial tones; instead, they are phonetically sensitive to the FO offset of preceding tones.
Similar to the realisations of phrase-final tone 6, the conditioning factor can also be generalised
as [-low offset]. If the FO offset of preceding tone (tones 1, 2, 3, and 6) is at or above the midpoint,
the onset of this phrase-final tone 7 should be statistically significantly higher, and vice versa.

8.1.8. Phrase-final tone 8

The pitch of phrase-final tone 8 was indicated in Chapter 6 as a falling contour with a low level
plateau in the second half but having variations in the pitch onset ([311] or [211]) because of
regressive assimilation to the pitch offset of preceding tones. This auditory observation is
acoustically justified. As Figure 8-15 indicates, the contours of this tone largely have a falling
tendency in the first half but tend to be level in the second half. In addition, apparent variations

occur in the contour onset. For example, the onset is higher after tone 3 than after tone 4.

Statistically, the results of pairwise t-test comparison also support the auditory observation. As
Figure 8-16 shows, the eight phrase-initial tones are clustered into two levels, indicating that the
normalised FO values of phrase-final tone 8 are statistically distinguished with the values higher
after tones 1, 2, 3, and 6 than after other tones at the 10% sampling point; however, the effect is
marginal depending on the threshold selected. Conversely, the phrase-initial tones are clustered
together as a group at the 100% sampling points, indicating that the normalised FO offset values

of phrase-final tone 8 are statistically undifferentiated across different tonal combinations.

Therefore, the FO realisations of phrase-final tone 8 are also phonetically sensitive to the FO
contours of the phrase-initial tones. The conditioning environment for its FO variations is similar
to that for phrase-final tones 6 and 7. If the preceding tone has an offset at or above the midpoint,

the onset of this tone is supposed to be statistically significantly higher, and vice versa.
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Figure 8-13. Z-score normalised FO shapes of phrase-final tone 7 across phrase-initial tones from 21 speakers.
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Figure 8-14. Clustering of normalised FO levels of phrase-final tone 7 at 10% (left) and 100% (right) sampling
points based on pairwise t-tests.
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Figure 8-15. Z-score normalised FO shapes of phrase-final tone 8 across phrase-initial tones from 21 speakers.
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Figure 8-16. Clustering of normalised FO levels of phrase-final tone 8 at 10% (left) and 100% (right) sampling
points based on pairwise t-tests from 21 speakers.
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8.1.9. Summary

As discussed, the acoustic FO realisations of individual phrase-final tones tend not to be
categorically affected by tones in the phrase-initial position, but their onset values are phonetically
sensitive to the offset values of phrase-initial tones while their offset values show less variation.
In general, the FO contours tend to have a higher onset after tones ending in a [-low offset], but
have a lower onset after tones having the features [+falling] and [-high offset]. This tendency is
statistically justified by the pairwise t-test comparison by effect size in most tonal combinations,
as summarised in Figure 8-17; all tones except tone 3 have two statistically significantly different
variants as a function of their preceding tones. According to the acoustic quantifying and
statistical testing results, the linguistically phonetic FO system of Zhangzhou phrase-final tones is
plotted in the Figure 8-18, representing the central tendency of Zhangzhou as an independent
system. Nevertheless, several problems occur with respect to the categorisation and representation
of different normalised FO levels.

e The diverse FO onset levels propose challenges to both statistical testing and the Chao
pitch notation system concerning how many FO levels are categorically distinguished.
Seven out of eight tones have variants in the onset realisations, signifying that logically
there may exist at least 14 phonetic levels to be tested by conducting exhaustive
comparisons on at least 91 paired differences with the Bonferroni corrected alpha of
0.00054945 to achieve significance. Nevertheless, the clustering algorithm turns out to
be unsatisfactory to cluster the levels into reasonable categories. The Chao system
appears insufficient to characterise different FO levels.

e The FO range of phrase-final tones tends to be lowered than that of the phrase-initial tones.
The highest level appears lower than the highest level found among the phrase-initial
tones, and the lowest level also shows lower than the lowest level at the phrase-initial
position. Such a lowering FO range is considered being caused by the position of
utterance-final. In other words, the utterance-final position has a lowering effect on the
FO range realisation.

e The FO onsets of most phrase-final tones tend to be higher after a non-low FO offset but
lower than after a FO contour having a falling tendency and ending in a non-high offset.
It raises another problem which onset form, the raised FO or the lowed FO onset, should
be treated as the unmarked form, and which one should be considered as derived from.

Incorporating the auditory observation, acoustic distribution, and position-induced lowering
effect, it is appropriate to consider the lowered FO onsets as the unmarked forms and the raised
FO onsets as the marked forms, whose distributions are conditioned by the FO offset levels of
preceding tones. Thus, the FO system of the phrase-final tones can be represented using numerical
notation, with 5 indicating the highest FO level and 1 the lowest, as shown in Table 8-1. In
addition, as indicated in this table, the single dimension of FO appears insufficient to distinguish
the contours among phrase-final tones 2, 7, and 8, and the contours among phrase-final tones 4
and 6. Taking other phonetic parameters into consideration is thus imperative to understand the

nature of phrase-final tonal contrast in Zhangzhou.
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Figure 8-17. Summary of the FO realisations of individual phrase-final tones in Zhangzhou from 21 speakers.
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Figure 8-18. Z-score normalised FO system of Zhangzhou phrase-final tones.
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Table 8-1. The numerical FO representation of Zhangzhou phrase-final tones

Tone FO contour description Unmark form Marked form
1 mid rising [34] [35]
2 low falling [211] [311]
3 high falling [52] [52]
4 mid-high-falling [41] [51]
5 mid level [33] [43]
6 stopped mid-high falling [41] [51]
7 stopped low falling [211] [311]
8 low falling [211] [311]

8.2. Interactions Among Acoustic Parameters

This section mainly focuses on how various segmental and suprasegmental parameters interact to
make the distinctions in acoustics among phrase-final tones. The techniques of pairwise t testing
and the hierarchical clustering algorithm were applied to determine whether the duration
realisations of individual phrase-final tones may be affected by their preceding tones. The
SplitsTree software was used to assess the relatedness between phrase-final tones from the

phonological perspective.

8.2.1. Duration

This subsection addresses three issues. (1) What are the length realisations of phrase-final tones
across 64 disyllabic combinations? (2) Are their length realisations affected by phrase-initial
tones? If so, to what extent are they affected, and what conditions the variations? (3) How many

length levels are statistically contrastive among the phrase-final tones?

The duration contours presented in this section have been normalised and expressed as a
percentage of the average duration of all phrase-final tones from 21 speakers’ utterances. Each
phrase-final tone also logically would have 28 (=8*7/2) paired length differences to be tested
across eight phrase-initial tones, assuming that the normalised values are all independently and
identically normally distributed. The Bonferroni corrected alpha of 0.00186 (=0.05/28) was
consistently performed to control for the Type | Error. The threshold of 1 was consistently
employed to cluster the values and examine how many length levels are contrastive among

phrase-final tones from the statistical perspective.

The normalised duration values and the values of pairwise t-testing result for individual phrase-
final tones are tabulated in Appendix B (Tables B17-B19). The methodologies of acoustic and

statistical processing are described in Chapter 2.
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8.2.1.1. Phrase-final tone 1

Phrase-final tone 1 was observed as having very similar length realisations across phrase-initial
tones in Chapter 6. Acoustically, a very small amount of variation can be seen in the normalised
values across all combinations. For example, as plotted in Figure 8-19, the duration is slightly
longer after tone 6 than after tone 7. Statistically, the clustering results based on the pairwise t
tests revealed no significant differences in the normalised duration values of this tone across eight
phrase-initial tones. As shown in Figure 8-20, the terminal nodes at the bottom, representing the
normalised duration values of phrase-final tone 1 across the eight phrase-initial tones, are
clustered together at the threshold of 1, indicating no statistically significant difference among
them. In other words, the duration realisations of phrase-final tone 1 can be considered statistically
undifferentiated across its preceding tones. Therefore, the auditory observation is not supported
by the statistical testing result, and the acoustic differences are not statistically significant.
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Figure 8-19. Normalised duration of phrase-final tone 1 across phrase-initial tones from 21 speakers.
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Figure 8-20. Clustering of normalised length levels of phrase-final tone 1 across eight phrase-initial tones
based on pairwise t-tests.
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8.2.1.2. Phrase-final tone 2

Perceptually, phrase-final tone 2 has very similar length realisations across all tonal combinations.
Acoustically, the duration values vary somewhat across different combinations. For example, as
shown in Figure 8-21, the FO contour after tone 4 is numerically shorter than the contour after
tone 7. Nevertheless, the clustering results based on pairwise t tests revealed no statistically
significant differences among the normalised duration values of this phrase-final tone 2, since the
terminal nodes at the bottom, representing the eight tonal combinations, are all clustered together
at the threshold of 1 (Figure 8-22). In other words, the durational realisations of this phrase-final

tone 2 are not affected by its preceding tones phonologically.
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Figure 8-21. Normalised duration of phrase-final tone 2 across phrase-initial tones from 21 speakers.
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Figure 8-22. Clustering of normalised length levels of phrase-final tone 2 across eight phrase-initial tones
based on pairwise t-tests.
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8.2.1.3. Phrase-final tone 3

Phrase-final tone 3 was indicated in Chapter 6 as having similar length realisations across all
disyllabic combinations. The acoustically quantified results justify the auditory impression, as
shown in Figure 8-23. The contours tend to have very similar duration without significant
variations in the normalised values.

The statistical testing results of pairwise t-test comparison also support the auditory assumption.
As indicated in Figure 8-24, all the terminal nodes at the bottom, representing the normalised
duration values of this phrase-final tone 3 across the eight phrase-initial tones, are clustered
together at the threshold of 1. Therefore, the duration realisations of phrase-final tone 3 can be

considered statistically undifferentiated across its preceding tones.
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Figure 8-23. Normalised duration of phrase-final tone 3 across phrase-initial tones from 21 speakers
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Figure 8-24. Clustering of normalised length levels of phrase-final tone 3 across eight phrase-initial tones
based on pairwise t-tests.
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8.2.1.4. Phrase-final tone 4

Phrase-final tone 4 was described in Chapter 6 as having very similar realisations in terms of tonal
duration across eight disyllabic combinations. Nevertheless, the acoustically quantified results
indicate a slight degree of variation in the normalised duration values. For example, as shown in

Figure 8-25, the normalised duration value is shorter after tone 4 than after tone 5.

Statistically, no significant difference is revealed among the eight disyllabic combinations on the
basis of pairwise t tests by effect size. As shown in Figure 8-26, the values of this phrase-final
tone 4 are clustered together at the threshold of 1 across their preceding phrase-initial tones.
Therefore, the duration realisations of phrase-final tone 4 can be considered statistically
undifferentiated across the eight combinations. In other words, the duration realisations of phrase-
final tone 4 are not affected by the preceding tones at the phonological level.
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Figure 8-25. Normalised duration of phrase-final tone 4 across phrase-initial tones from 21 speakers.
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Figure 8-26. Clustering of normalised length levels of phrase-final tone 4 across eight phrase-initial tones
based on pairwise t-tests.
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8.2.1.5. Phrase-final tone 5

Perceptually, phrase-final tone 5 is realised very similarly across eight disyllabic combinations.
Acoustically, most FO contours have very close normalised duration values, but slightly different
variations can also be found. For example, as shown in Figure 8-27, the contour is slightly longer
after tone 8 than it is after any other tones. Nevertheless, no statistically significant differences
are discovered by the pairwise t tests among the eight normalised duration values of the phrase-
final tone 5. As shown in Figure 8-28, the terminal nodes at the bottom, representing the eight
phrase-initial tones, have been clustered to two levels at the threshold of 1, indicating that the
differences in the normalised duration of this phrase-final tone 5 are statistically significant, with

the value after tone 8 being marginally longer than the values after other tones.
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Figure 8-27. Normalised duration of phrase-final tone 5 across phrase-initial tones from 21 speakers.
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Figure 8-28. Clustering of normalised length levels of phrase-final tone 5 across eight phrase-initial tones
based on pairwise t-tests.
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8.2.1.6. Phrase-final tone 6

Phrase-final tone 6 was observed in Chapter 6 as having very similar length realisations across
phrase-initial tones. The acoustically quantified results basically justify the auditory observation,
but a very small amount of variation can be seen in the normalised duration values as well. As
plotted in Figure 8-29, the duration after tones 1, 2, 3, and 4 are very similar, but all are trivially

shorter than they are after tones 5, 6, 7, and 8, which show very similar duration values.

Nevertheless, the differences in the normalised duration values of this tone across its phrase-initial
tones are not statistically significant according to the pairwise t-test comparisons. As shown in
Figure 8-30, the eight terminal nodes, representing the duration values of this tone across eight
tonal combinations, are clustered into one group at the threshold of 1. In other words, the duration
realisations of phrase-final tone 6 are not phonologically affected by its preceding tones.

Phrase-final tone 6
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Figure 8-29. Normalised duration of phrase-final tone 6 across phrase-initial tones from 21 speakers.

Phrase-final tone 6
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Figure 8-30. Clustering of normalised length levels of phrase-final tone 6 across eight phrase-initial tones
based on pairwise t-tests.
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8.2.1.7. Phrase-final tone 7

Perceptually, phrase-final tone 7 has very similar length realisations across phrase-initial tones.
Acoustically, the normalised duration values vary somewhat among the eight combinations, as
shown in Figure 8-31. For example, the duration after tone 4 is apparently shorter than it is after
tone 7. Statistically, the differences among the eight normalised duration values are marginally

significant according to the pairwise t-test comparisons, as plotted in Figure 8-32.

Statistically, the pairwise t-test comparison results showed significant differences among the eight
normalised duration values. As Figure 8-32 indicates using the hierarchical clustering algorithm,
the eight terminal nodes at the bottom, which represent the normalised duration values of this
phrase-final tone 7 across eight phrase-initial tones, have been clustered into two levels at the
threshold of 1. This clustering indicates that the two levels are statistically significantly different,
with the values after tone 7 being significantly but also marginally longer than the values before
other tones.

Phrase-final tone 7

normalised duration
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Figure 8-31. Normalised duration of phrase-final tone 7 across phrase-initial tones from 21 speakers.
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Figure 8-32. Clustering of normalised length levels of phrase-final tone7 across eight phrase-initial tones based
on pairwise t-tests.
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8.2.1.8. Phrase-final tone 8

Perceptually, determining whether the length realisation of phrase-final tone 8 may be influenced
by tones in the phrase-initial position is difficult. Acoustically, a considerable number of
variations are shown among the eight normalised duration values. For example, as plotted in
Figure 8-33, the duration after tone 4 is apparently shorter than it is after tone 5. Statistically,
according to the results of pairwise t test, all eight normalised duration values with respect to the
eight phrase-initial tones are clustered into one class at the threshold of 1, as shown in Figure 8-
34. This clustering indicates the phrase-initial tones do not exert statistically significant influence

on the length realisation of phrase-final tone 8.

Phrase-final tone 8
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Figure 8-33. Normalised duration of phrase-final tone 8 across phrase-initial tones from 21 speakers.
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Figure 8-34. Clustering of normalised length levels of phrase-final tone 8 across eight phrase-initial tones
based on pairwise t-tests.

8.2.1.9. Summary

As described, the length realisations of phrase-final tones are not categorically affected by tones

in the phrase-initial position, but a certain degree of phonetic variation in the normalised values

can be observed. In general, the duration tends to be slightly shorter after tone 4, which has an

extra-high falling contour, and slightly longer before tones having mid-falling contours (e.g.,
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tones 5, 7, and 8). Nevertheless, the acoustic differences are largely not statistically significant
based on the results of the pairwise t-test comparison by effect size across 64 tonal combinations.
Exceptions are phrase-final tones 5 and 7, showing two variants, as summarised in Figure 8-35,

although even these are only marginally statistically significant.

The bars are expressed as a percentage of the average duration value of all phrase-final tones
across 64 combinations and across 21 speakers. As indicated, tonal length also varies across
different phrase-final tones; for example, phrase-final tone 6 tends to have the shortest duration.
Nevertheless, whether the length differences of the 10 phonetic variants are statistically
significant, how many of them are categorically contrastive, and how many of them are redundant
remain crucial issues to be further tested and investigated using the pairwise t tests and the
clustering algorithm, assuming that these variants are all independent and identically normally
distributed.

200+ Zhangzhou Phrase-final Tones
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Figure 8-35. Summary of normalised FO duration of individual Zhangzhou phrase-final tones from 21
speakers.
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An exhaustive pairwise t test was conducted on 45 (=10*9/2) paired differences in duration among
the 10 variants with the Bonferroni corrected alpha of 0.00111 to control for the Type 1 Error and
to achieve significance. The testing result was visualised using the clustering algorithm as shown
in Figure 8-36. At the threshold of 1, the 10 phonetic variants were clustered into three classes,
with 1 representing the extra-long duration, 2 the long duration, and 3 the medium duration.
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Figure 8-36. Clustering of normalised tonal length levels of all phrase-final tones based on pairwise t-tests.
Therefore, on the basis of acoustic quantification and statistical testing results, a linguistic-tonetic
length representation of Zhangzhou phrase-final tones is shown in Table 8-2, including extra long
[V::], long [V:], and medium [V]. In addition, tone 7 has a medium length across most phrase-

final tones but has a marked long variant after tone 8.

Table 8-2. Length system of Zhangzhou phrase-final tones based on acoustics and statistics

Tone  FO contour description Length Notation
1 mid rising [34]/[35] extra long [V:]

5 mid level [33]/[43]

2 low falling [211]/[311] long [vi]

3 high falling [52]

8 low falling [211]/[311]

4 mid-high-falling [41]/[51] medium [V]

6 stopped mid-high falling [41]/[51]

7 stopped low falling [211]/[311] (marked long)

8.2.2. Vowel quality

Similar to the vowel quality realisation in the monosyllabic context, the high vowels were
observed in Chapter 6 as undergoing diphthongisation in the phrase-final stopped tones 6 and 7
while other vowels are realised as monophthongs across all phrase-final tones. From the acoustic
point of view, the changing articulatory trajectory for diphthongs indicates the corresponding
acoustic correlates F1 and F2 present dynamic changing curves. Figures 8-37, 8-38, 8-39, and 8-
40 show the acoustic realisations of Zhangzhou vowel quality with respect to phrase-final stopped
and unstopped tones. As only high and low vowels can occur in stopped tonal environments, no

examples of mid vowels are provided.
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/be3.tsi8/ "horse tongue' /th33.tit7/ 'straightforwardly'

Figure 8-37. Acoustic realisations of high vowel /i/ in phrase-final unstopped tone 8 and stopped tone 7 (WYF,
male).

/tsd3.ts"ud/ 'ancestral house' /k'el.kut6/ 'leg bone'

Figure 8-38. Acoustic realisations of high vowel /u/ in phrase-final unstopped tone 4 and stopped tone 6 (WYF,
male).

/til.bed/ 'pork’ /2e5.kek6/ 'lower corner"-

Figure 8-39. Acoustic realisations of low vowel /e/ in phrase-final unstopped tone 4 and stopped tone 6 (WYF,
male).
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/te2.k">4/ 'assignment bank' /tjonl.kok6/ 'China'

Figure 8-40. Acoustic realisations of low vowel /5/ in phrase-final unstopped tone 4 and stopped tone 6 (WYF,
male).

In Figure 8-37, the last morphemes of the two disyllabic tokens have the same high vowel /i/ at
the underlying level and similar FO realisations at the low frequency range. The formant patterns
of the /tsi8/ morpheme in the token /6e3.tsi8/ ‘horse tongue’ are relatively steady and horizontal,
without significant changes in the last parts of the formant curves. The relatively steady
manifestations of F1 and F2 curves indicate a monophthong realisation of this high vowel in the
phrase-final unstopped tone 8.

Conversely, the formant patterns of the /tit7/ morpheme in token /tho3.tit7/ ‘straightforwardly’
change during the second halves of the curves. The F1 has a slight rising tendency while the F2
shows a falling trend. The dynamic manifestations of a rising F1 and a falling F2 signify a
gradually downward and backward movement of the tongue during the articulation of this sound.
In other words, the tongue moves to a lower and central position of the oral cavity, supporting a

diphthongisation of the high vowel /i/ in the phrase-final stopped tones.

In Figure 8-38, the right-most of the two disyllabic tokens have the same high vowel /u/ at the
underlying level and very similar falling FO contours at the surface. The F1 curve of the /tstud/
morpheme of the disyllabic token /tso3.tstu4/ ‘ancestral house’ is relatively horizontal without
significant changes across time while its F2 curve is largely steady, except for the first 10%
presenting a falling trend that is reasonably perturbed by the aspirated onset [ts"]. Therefore, the
formants basically indicate a monophthong realisation of this high vowel /u/ in this unstopped

tonal environment.

In contrast, the F1 and F2 curves of the /kut6/ morpheme in the second token both present a rising
tendency after the second halves of the curves. The rising F1 indicates a downward movement of

the tongue while the rising F2 indicates a fronting movement of the tongue. In other words, the
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production essentially involves two articulatory trajectories, indicating a diphthongisation of this

high vowel /u/ in this stopped tone.

In Figure 8-39, the last morphemes of the two disyllabic tokens have the same underlying low
vowel /e/ and very similar FO realisations. The F1 and F2 curves are both relatively stable across
time in the morphemes /6e4/ in the unstopped tone 4 and /kek6/ in the stopped tone 6. Therefore,
the acoustic manifestations essentially justify the auditory observations of monophthong
realisation of the low vowel /e/ across phrase-final tones in Zhangzhou. Similarly, in Figure 8-40,
the first and second formants of the last morphemes /k4/ and /kok6/ do not show significant
change after the first 10%, indicating a monophthong realisation of the low vowel /o/ in both

stopped and unstopped tones.

In summary, the formant patterns suggest two high vowels undergo diphthongisation in the
phrase-final stopped tones, while other vowels are realised consistently as monophthongs across
the tones in the phrase-final position.

8.2.3. Voice quality

Three types of phonation—modal, breathy, and creaky—were noted in Chapter 6, but their
distributions are simultaneously conditioned by vowel quality, pitch and tone. The breathy voice
dominantly occurs on high vowels but only in unstopped tones. The creaky voice largely occurs
on low vowels with falling pitch contours but is also often seen on the falling-pitch mid vowel [e]
among male speakers. The modal voice, on the other hand, is largely found on mid vowels across

different tones and on low vowels with non-falling pitch contours.

As discussed in Chapter 5, the correlation between voice quality, vowel quality, pitch, and tone
has a robust articulatory basis, involving a complicated but systematic covariation of articulators
in the laryngeal and supraglottal positions, as well as the volume and velocity of aerodynamic
forces (Ladefoged, 1971, 2003; Laver, 1980, 1994; Gordon & Ladefoged, 2002, Lotto et al.,
1997). From the acoustic point of view, the changing articulatory configurations for different

phonations inevitably cause changes in the acoustic manifestations.

Figures 8-41, 8-42, and 8-43 show how the acoustic realisations of voice quality for phrase-final
morphemes change with respect to vowel quality, pitch and tone in Zhangzhou. The illustrated
vowels include high, mid, and low. Because all vowels undergo laryngealisation and high vowel
undergoes diphthongisation in stopped tones, the illustrated tones are all unstopped covering four
major FO shapes—rising [35], level [33], low-falling [211], and high-falling [52]. The waveforms

and spectrums are consistently extracted from the last 10% of the related vowel articulations.
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Figure 8-41. Phonation realisations of phrase-final high vowel /i/ in four different FO contexts (WYF, male).

Figure 8-41 shows the voice quality realisations of phrase-final high vowel /i/ across four FO
contours. In the waveforms, a dense amount of random and rapid fluctuation is always
superimposed on the glottal pulses across time regardless of whether the related FO contour is
rising [35], level [33], low falling with a level plateau [211], or falling [52]. Correspondingly, the
first harmonic consistently has a higher amplitude level than any other harmonics across the
frequency ranges; that is, the spectral tilt of H1-H2 is steeply positive. The two acoustic
manifestations are characteristic of breathy voice; therefore, this high vowel is produced with a
breathy voice regardless of the shapes of the FO contours.
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Figure 8-42. Phonation realisations of the phrase-final mid vowel /e/ in four different FO contexts (WYF, male).

Figure 8-42 shows the phonation realisations of mid vowel /e/. In the rising [35] and mid-level
[33] contexts, the waveforms are not superimposed with a large amount of random and persistent
fluctuation. The time intervals between glottal pulses are relatively regular and evenly spaced. In
addition, the amplitude of the second harmonic is steeply higher than the amplitude of its
surrounding harmonics. That is, it presents a negative spectral tilt of H1-H2. Such acoustic
manifestations of regular glottal pulses and negative H1-H2 are characteristic of a typical modal

voice.
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Nevertheless, in the falling tonal environments [211] and [52], the mid vowel presents different
acoustic realisations. The time intervals of glottal pulses become irregular and less frequent. The
amplitude values of the first harmonic and the second harmonic are very similar, but both are
lower than the value of the third harmonic. The irregular glottal pulses and nearly zero spectral
tilt of H1-H2 are among major acoustic characteristics of creaky voice because the vocal folds at
this point are tightly adducted and form a compressed mass, causing them to vibrate irregularly
and less frequently. Therefore, the mid vowel is essentially articulated with creaky phonation in

these two falling environments by this male speaker.
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Figure 8-43. Phonation realisations of the phrase-final low vowel /¢/ or /5/ in four different FO contexts (WYF,
male)
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Figure 8-43 shows the voice quality realisations of low vowels. Similar to the acoustic realisations
of mid vowel /e/, the low vowels also present acoustic manifestations of a typical modal voice in
the rising [35] and mid level [33] contours: regular glottal pulses and negative spectral tilt of H1-
H2.

Nonetheless, in the falling contours [211] and [52], the glottal pulses are irregularly distributed
while the spectral tilt of H1-H2 is neither steeply positive, as for the breathy voice, nor steeply
negative, as for the modal phonation, but rather waving slightly around zero. For example, in the
[211] contour, the spectral tilt of H1-H2 is slightly higher than zero while, in the [52] context, the
tilt becomes slightly lower than zero. Such acoustic manifestations are generally characteristic of
a creaky voice. Therefore, the low vowels change their phonation from modal voice to creaky
voice in the falling-pitched tones. In summary, the correlations between voice quality, pitch, tone
and vowel quality are acoustically supported.

8.2.4. Syllable coda

In contrast to the preservation of obstruent coda in the phrase-initial syllables, obstruent codas
were indicated as perceptually not realised in the phrase-final position in Chapter 6, a finding
similar to that for their realisations in the monosyllabic setting. From the articulatory point of
view, the nonrealisation of obstruent codas indicates no oral constriction is created after
production of preceding vowels. Correspondingly, no formant transition is expected to show on
spectrograms. Figure 8-44 shows the acoustic realisations of different obstruent codas in phrase-

final syllables that have same vowels and tones underlyingly.

As indicated in Figure 8-44, the formant patterns of F1 and F2 are consistently stable without
significant changes across time to all phrase-final syllables investigated. The steady manifestation
of formant patterns acoustically indicates (a) the related vowel is a monophthong and (b) no
obstruent coda is produced following the vowel. The low vowels have been shown to be realised
as monophthongs in the stopped tones (Section 8.2.2), therefore, the acoustic manifestation

supports the auditory observation of non-realisation of obstruent codas phrase finally.

On the contrary, if obstruent codas are realised phrase finally in Zhangzhou, the formant
transitions are expected to occur on the spectrograms. For example, in the /tet7/ morpheme, the
F2 must have had a rising tendency toward the frequency range around 1600 Hz as a result of
influence from the alveolar coda production; however, no rising trend can be seen on the F2 curve,

justifying the obstruent coda is not realised in this utterance.
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Figure 8-44. Acoustic realisation of the obstruent codas in phrase-final position.

The non-realisation of obstruent codas in the phrase-final position on the other hand causes
several phonetic effects on the whole syllables, including syllable lengthening, high vowel

diphthongisation, vowel laryngealisation, and FO contour depression.
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The syllable lengthening effect can be seen in the disyllabic token /tit7.tet7/ ‘non-
stopped; straightforward’ in Figure 8-44. The morphemes /tit7/ and /tet7/ both have
tone 7 and the alveolar obstruent coda /t/ at the underlying level; however, the phrase-
final morpheme /tet7/ apparently has a much longer duration than the phrase-initial
morpheme /tit7/.

The high vowel diphthongisation effect can be seen in Figures 8-37 and 8-38 (Section
8.2.2), where both F1 and F2 curves show dynamic changes in the second halves of
phrase-final morphemes in the stopped tones.

The vowel laryngealisation effect can be seen in Figure 8-45. The low vowel [e]
consistently presents the creaky manifestation of similar H1 and H2 amplitude values
across three phrase-final morphemes that have underlyingly identical vowels and tones
but differ in obstruent coda types.

The FO contour depression was addressed in Section 8.1.7, with phrase-final tone 7
consistently having a low-falling contour of either [211] or [311] across different
phrase-initial tones.
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Figure 8-45. Acoustic manifestation of low vowel laryngealisation in the phrase-final stopped tone (WYF, male).

8.2.5 Summary

According to the description in this section, a bundle of segmental and suprasegmental parameters

function together to code the tonal realisations and distinctions in the phrase-final context. Table

8-3 summaries the multidimensional realisations of Zhangzhou phrase-final tones, including six

dimensions. In the FO column, the unmarked form is shown on the left while the unmarked form

on the right. For example, the phrase-final tone 6 indicates a mid-high falling contour, medium

length, high vowel diphthongisation, creaky vowel, and not-realised obstruent coda; while phrase-

final tone 1 suggests a mid-rising contour, extra long length, no diphthongisation, breathy high

vowel, modal-voiced low vowel and sonorant coda. Nevertheless, questions remain as to how

these phrase-final tones are related to each other from the phonological point of view, as well as

how the patterns hidden within this framework can be revealed and interpreted.
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Similarly, to address these issues, the SplitsTree software was employed to generate a phylogram
in order to visualise the internal relations among these phrase-final tones. The multidimensional
properties for each tone were firstly transformed into a multiple sequence alignment in order to
be computed in the SplitsTree software. Figure 8-46 shows the generated result of the
phonological mapping between Zhangzhou phrase-final tones. The root of the tree represents the
set of phrase-final tones being investigated. The horizontal lines are branches representing the
amount of similarity in terms of multidimensional realisations across eight phrase-initial tones.
The vertical lines indicate the relatedness between tones. The closer the lines, the higher the
probability that the tones belong to the same categories. The more divergent the lines, the higher
the probability that the tones are not related categorically in this phrase-final context. As
suggested by this figure, two aspects deserve further discussion.

The tones that share similar FO realisation can be categorically different on the basis of the
multidimensional framework. For examples, phrase-final tones 4 and 6 have similar mid-high
falling contour but are classified as two different tones, since they differ in the parameters of
phonation and syllable coda type. Similarly, phrase-final tone 7 (F7) is not clustered with phrase-
final tones 2 and 8 (F2 and F8), although they share similar FO contours. These facts further
indicate that the single dimension of FO/pitch is not sufficient to characterise Zhangzhou tones.

The process of tonal contrast neutralisation can also occur in the phrase-final environment. As
indicated in Figure 8-46, phrase-final tones 2 and 8 are clustered together without significant

differences in the realisations of multiple parameters.

In summary, the multidimensional realisations of Zhangzhou phrase-final tones are also not only

auditorily supported but also firmly grounded in both acoustic and articulatory reality.

Table 8-3. Multidimensional realisations of Zhangzhou phrase-final tones

Tone FO Length Diphthong High vowel Low vowel Syllable coda
1 [34]/[35] extralong - breathy modal sonorant
2 [211]/[311] long - breathy creaky sonorant
3 [52] long - breathy creaky sonorant
4 [41)/[51]  medium - breathy creaky sonorant
5 [33)/[43] extralong - breathy modal sonorant
6 [41)/[51]  medium + creaky creaky  not realised obstruent
7 [211)/[311] medium/long + creaky creaky  not realised obstruent
8 [211)/[311] long - breathy creaky sonorant
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Figure 8-46. Phylogram representation of Zhangzhou phrase-final tones (F = Phrase-final).

8.3. Previous Studies

No previous studies have explored how the phrase-final tones are realised acoustically and how
they interact with the individual phrase-initial tones in Zhangzhou. The descriptions in this study
address the research gap and advance the understanding of the nature of tonal interactions in
Zhangzhou.

8.4. Conclusion

This chapter has provided a detailed exploration of the acoustic properties of phrase-final tones,
supplemented by statistical testing and articulatory explanation. The results show the realisations
of the phrase-final tones are not categorically affected by tones in the phrase-initial position but
are higly sensitive to their surrounding phonetic environments. For example, the FO onsets of
most phrase-final tones have statistically significantly different variants conditioned by the FO

offset of their preceding tones.

Tonal realisations in the phrase-final environment are also multidimensional, involving
systematic interactions among various parameters. The tones that share similar FO contour can be
categorically different on the basis of the multidimensional framework. In addition, the
neutralisation of tonal contrast also occurs in this context. The findings provide a solid and
objective foundation for the theoretical explanation of the mapping of the relatedness between the

citation and disyllabic tones in Chapter 9.
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Part D: Mappings Between Citation and Disyllabic Tones

Chapter 9: Theoretical Considerations

Previous chapters have provided detailed descriptions of the auditory and acoustic properties of
Zhangzhou citation and disyllabic tones in terms of multidimensional parameters. This chapter
primarily considers how the disyllabic tones are related to the citation tones and explains how
native speakers structure the relations among the tonal realisations in different linguistic contexts

in their mental grammar.

9.1. Mapping Between Citation and Phrase-Initial Tones

Two questions are examined in this section. (1) To what extent do the tonal realisations in the
phrase-initial position differ from those in citation with respect to the multidimensional
parameters? (2) How are the phrase-initial tones related into the citation tones from the

phonological point of view?

9.1.1. Pitch/FO
Table 9-1 shows the pitch/FO comparison of Zhangzhou citation and phrase-initial tones. Several

notable aspects can be generalised.

e All phrase-initial tones have completely different pitch/FO realisations from their
corresponding citation forms. For example, the pitch/FO of tone 1 is a mid-rising
contour [35] in citation but changes to a mid-level [33] in the phrase-initial position.

e Tones with different pitch/FO realisations in citation can have very similar pitch/FO
contours in the phrase-initial context. For example, the pitches/F0 of tones 1 and 2 are
different in citation but are neutralised to [33] in the phrase-initial position. Similarly,
tones 5 and 8 neutralise their pitch/FO contrasts to [32] phrase initially.

e Tones with similar pitch/FO realisations in citation can have different pitch/FO contours
in the phrase-initial position. For example, the pitch/FO contours of tones 2 and 8 are
indistinguishable in citation but are different phrase initially.

e The pitch/F0 inventory of phrase-initial tones tends to overlap with that of the citation
tones to a certain degree but presents new contours. For example, both systems have
rising [35] and level [33], but new pitch/FO contours are produced phrase initially,
including extra-high falling [63], extra-high and short falling [65], and mid-falling [32].

9.1.2. Duration
Table 9-2 shows the comparison of the length realisations of Zhangzhou citation and phrase-initial

tones. Three notable aspects should be further mentioned.

e The number of length contrast is considerably reduced phrase initially. Four different
length levels are identified in citation while only two are observed in the phrase-initial
context.

e A new length realisation of an extra-short property is generated phrase initially for
stopped tones 6 and 7.
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e Length realisations classify phrase-initial tones into either stopped tones or unstopped
tones. All unstopped tones have statistically indistinguishable medium lengths while
stopped tones have similar extra-short lengths.

Table 9-1. Pitch/FO comparison among Zhangzhou citation and phrase-initial tones

Tone Citation Phrase-initial
1 [35] [33]

2 [22] [33]

3 [51] [24]/[25]

4 [41] [63]

5 [33] [32]

6 [41] [65]

7 [221] [32]

8 [22] [32]

Table 9-2. Length comparison among Zhangzhou citation and phrase-initial tones

Tone Citation Phrase-initial
1 extra long medium

2 extra long medium

3 medium medium

4 medium medium

5 extra long medium

6 short extra short

7 long extra short

8 extra long medium

9.1.3. Vowel quality

The high vowels /i/ and /u/ have different realisations across different linguistic contexts. In
citation, they are diphthongised to [ig] and [ux] in the stopped tones 6 and 7, but they are realised
as monophthongs in the phrase-initial context, as shown in Table 9-3. The diphthongisation of
high vowels is thought to be induced by the non-realisation of obstruent codas in the monosyllabic
setting while their monophthong realisations are considered to be associated with the preservation

of obstruent codas in the phrase-initialsyllables.
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Table 9-3. Vowel quality realisation comparison of Zhangzhou citation and phrase-initial tones (C = citation;
P1 = phrase-initial)

Tone

/il fu/ el e/ /el e/ o/

C Pl C Pl c Pl C Pl c PI C Pl Cc Pl

(1 [0 [ [ul T[e] [e]l [e] T[e]l [el [el [el [e]l [o] [o]
(1 [0 [u [ul T[e] [e] [e] [e] [el [e] [el [e] [o] [o]
1 [0 [ [ul T[e] [e]l [e] [e]l [el [el [el [e] [o] [o]
(1 [0 [ [ul T[e] [e]l [e] [e]l [el [el [el [e]l [o] [o]
(1 [0 [u [ul T[e] [e] [e] [e] [el [e] [e] [e] [o] [o]
liel 0] f[wl @O0 > > > > = * [e] [e] [o] [d]
liel 0] f[wl @O0 > > > > *= * [e] [e] [o] [5]
(1 [0 [u [ul [e] [e]l [e] [e] [el [e] [e] [e] > ~

9.1.4. Voice quality

Two notable aspects can be observed with respect to the voice quality realisations among

Zhangzhou citation and phrase-initial tones, as shown in Table 9-4 (P-initial=phrase-initial).

The voice quality realisations of the same vowels in the same tones can change across
citation and phrase-initial environments in Zhangzhou. For example, the low vowels in
tones 3 and 8 alternate between modal and creaky while high vowels in tone 7 alternate
between creaky and breathy in these two contexts.

A new phonation type occurs in the specific phrase-initial tone. For example, the
falsetto voice is observed in the vowels, regardless of high or low, in the phrase-initial
stopped tone 6, which has an extra-high pitch/FO and an extra-short length.

Table 9-4. Voice quality realisation comparison among Zhangzhou citation and phrase-initial tones

High vowel Mid vowel Low vowel
Tone Citation  P-initial Citation P-initial Citation P-initial
1 breathy breathy modal modal modal modal
2 breathy breathy modal modal modal modal
3 breathy breathy ~ modal/creaky modal creaky modal
4 breathy breathy =~ modal/creaky =~ modal/creaky creaky creaky
5 breathy breathy modal modal/creaky modal creaky
6 creaky falsetto * * creaky falsetto
7 creaky breathy * * creaky creaky
8 breathy breathy modal modal/creaky modal creaky
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9.1.5. Syllable coda

The realisations of obstruent codas are different across phrase-initial and citation contexts. They
tend not to be realised in citation but are realised in the phrase-initial environment, as shown in
Table 9-5. Regardless of whether the obstruent codas are realised or not, sets of phonetic effects
can be induced on the whole syllables, as shown in Table 9-6. For example, syllables are
significantly shortened in the phrase-initial position, where the obstruent codas are preserved, but

are lengthened in the citation, where they tend not to be realised.

Table 9-5. Obstruent coda realisation comparison among Zhangzhou citation and phrase-initial tones

Sonorant coda Obstruent coda

Tone Citation Phrase-initial Citation Phrase-initial
1 + + - -

2 + + - -

3 + + - -

4 + + - -

5 + + - -

6 - - not realised realised

7 - - not realised realised

8 + + - -

Table 9-6. Comparison of Phonetic effects induced by the obstruent coda realisations among Zhangzhou
citation and phrase-initial tones

Parameters Citation Phrase-initial
Obstruent coda  not realised realised
Duration lengthened shortened
Pitch/FO depressed raised

Vowel quality high vowel diphthongisation monothongisation

Voice quality creaky falsetto

9.1.6. Summary

As discussed above, phrase-initial and citation tones are both multidimensional. Each tone
consists of a bundle of different phonetic features. Nevertheless, the same tones can be realised
differently in the phrase-initial position with respect to the parameters. Exploring how the phrase-
initial tones are mapped onto the citations and discovering to what extent they are associated with
each other is crucial to understanding the nature of tone sandhi in Zhangzhou. To address this
issue, the SplitsTree software was applied to visualise the phonological relatedness among the

citation and phrase-initial tones on the basis of the multidimensional framework discussed.
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The multidimensional properties of 16 tones including 8 citation and 8 phrase-initial tones were
firstly transformed into a multiple sequence alignment to be computed in the SplitsTree for
generating a phylogram, as shown in the Figure 9-1. The terminal nodes on the right indicate the
16 tones being investigated. The horizontal lines suggest the amount of phonetic similarity shared
by these tones. The shorter the lines, the stronger amount of similarity that tones share in
phonetics, and vice versa. The lines in the vertical dimension on the other than represents the
relatedness between tones. The closer the lines, the higher probability the tones are related

phonologically.

As indicated in Figure 9-1, the phrase-initial tones are largely not related to their corresponding
citation tones because most of the pairs are not clustered together in the phylogram. For example,
citation tone 1 (C1) is not clustered with phrase-initial tone 1 (I1), and citation tone 2 (C2) and
phrase-initial tone 2 (12) are on different layers. Phrase-initial tone 4 (14) appears more likely to
related with citation tone 4 (C4), indicating the considerable amount of similarities they share in
the phonetics, but their contrasts are not fully neutralised because they differ in pitch/FO. For most
tonal pairs, their associations tend not to be significant. On the whole, the mapping result indicates
the realisations of phrase-initial tones and their corresponding citation tones are largely not
associated at either the phonetic or the phonological level; thus, they should be considered two
independent systems.

Zhangzhou Tones
—C1
C2

Figure 9-1. Mapping between Zhangzhou citation and phrase-initial tones (C = citation tone; | = phrase-initial
tone).
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9.2. Mapping Between Citation and Phrase-Final Tones

This section addresses two issues. (1) To what extent do the tonal realisations in phrase-final

position differ from those in citation with respect to the multidimensional parameters? (2) How

are the phrase-final tones mapped onto the citation tones from the phonological point of view?

9.2.1. Pitch/FO

Table 9-7 shows the comparison of the pitch/FO realisations of Zhangzhou citation and phrase-

final tones. In general, the pitch/FO realisations of phrase-final tones do not always resemble their

corresponding citation forms, although categorically most of them are very similar. The

divergence can be ascribed to the following two factors.

Most phrase-final tones have two pitch/FO0 variants because of their phonetic sensitivity
to the pitch/FO offset of preceding tones. For example, the marked forms generally
occur when the preceding tones end in a higher pitch/FO offset as discussed in Chapters
6 and 8.

The unmarked forms of phrase-final tones generally resemble their corresponding
citation forms. Nevertheless, the phrase-final tones 2, 7, and 8 tend to have lower
pitch/FO levels, which can reasonably be considered a consequence of the declination
effect of utterance-final position.

Table 9-7. Pitch/FO comparison among Zhangzhou citation and phrase-final tones

Phrase-final

Tone Citation Unmarked Marked
1 [35] [35] [34]
2 [22] [211] [311]
3 [51] [52] *

4 [41] [41] [51]
5 [33] [33] [43]
6 [41] [41] [51]
7 [221] [211] [311]
8 [22] [211] [311]

9.2.2. Duration

The length realisations of phrase-final tones are not quite the same as those of their corresponding

citation forms (Table 9-8), largely reflected in the following two aspects.

The number of length contrasts is reduced to three (extra-long, long, and medium) in
the phrase-final position from four (extra-long, long, medium, and short) in citation.

The length realisations of most phrase-final tones are not exactly the same as their
corresponding citation forms. For example, tones 2 and 8 have slightly shorter
durations than their citation forms while tone 6 becomes slightly longer in phrase-final
position. Nevertheless, tones 1 and 5 maintain their extra-long properties while tone 4
keeps a medium realisation across citation and phrase-final contexts.
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Table 9-8. Length comparison among Zhangzhou citation and phrase-final tones

Tone Citation Phrase-final

1 extra long extra long

2 extra long long

3 medium long

4 medium medium

5 extra long extra long

6 short medium

7 long medium (long)
8 extra long long

9.2.3. Vowel quality

The vowels have similar realisations across citation and phrase-final contexts. The high vowels
alternate between monophthongs in the unstopped tones and diphthongs in the stopped tones 6
and 7 while other vowels are consistently realised as monophthongs across different tones and
different environments, as shown in Table 9-9. In this study, the high vowel diphthongisation is
posited as induced by the non-realisation of obstruent codas in the utterance-final position.

Table 9-9. Vowel quality realisation comparison among Zhangzhou citation and phrase-final tones
(C=citation; PF=phrase-final)

lil Iul el Jo/ e/ e/ ol
Tone C PF C PF C PF C PF C PF C PF C FF
(1 [0 [ [ul [e] [e] [e] T[e] [e] [e]l [e] [e]l [o] [o]
(0 01 [ [ul [el [e] [e]l [e]l [e]l [el [e] [e]l [o] [o]
0 [0 [ [ul [el [e] [e]l [e]l [e]l [el [e] [e]l [o] [o]
[
[

(1 01 [ ful el [e] [e] [el [e] [e]l [e] [e]l [o] [o]
(0 01 [uI [ul [el [e] [e] [e]l [e]l [e] [e] [e]l [o] [o]
ligl [igl [w] [w] = > > > > > T[e] [e] [o] [o]
lie] [iel [uxg] fug] > > > > > * T[e] [e] [o] [o]
(1 [0 [ [ul [e]l [e] [e] [e] [e] [e] [e] [e] * *

0o N oo o B~ W N P

9.2.4. Voice quality
Voice quality changes with respect to vowel quality, pitch and and tone in both monosyllabic and
phrase-final envrionments. Three types of phonation—creaky, breathy, and modal—are observed

in the two contexts, as indicated in Table 9-10, but three notable aspects deserve further attention.

e The voice quality realisations of high vowels are consistently similar across citation
and phrase-final environments. They alternate between breathy voice in the unstopped
tones to creaky voice in the stopped tones 6 and 7.
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The voice quality realisations of mid vowels are basically similar across these two
contexts. They tend to be produced with modal phonation but occasionally are
produced with creaky voice in the falling pitch/FO contours, especially among male
speakers.

The low vowels have slight differences in voice quality realisations in the phrase-final
context. For example, they are largely produced with a creaky voice in the phrase-final
tones 2 and 8 but with a modal phonation in their corresponding citation forms, which
can be ascribed to the pitch/FO declination effect phrase finally.

Table 9-10. Voice quality comparison among Zhangzhou citation and phrase-final tones

High vowel Mid vowel Low vowel
Tone  Citation P-final Citation P-final Citation P-final
1 breathy  breathy modal modal modal modal
2 breathy  breathy modal modal modal creaky
3 breathy  breathy  modal/creaky modal/creaky creaky creaky
4 breathy  breathy  modal/creaky modal/creaky creaky creaky
5 breathy  breathy modal modal modal modal
6 creaky  creaky * * creaky creaky
7 creaky  creaky * * creaky creaky
8 breathy  breathy modal modal/creaky modal creaky

9.2.5. Syllable coda

The obstruent codas tend not to be realised in both monosyllabic and phrase-final settings, as

indicated in Table 9-11. Correspondingly, the non-realisation of obstruent codas gives rise to

several similar phonetic effects on the whole syllables in these two contexts, as shown in Table

9-12, including syllable lengthening, pitch/FO contour depression, high vowel diphthongisation,

and vowel laryngealisation.

Table 9-11. Obstruent coda realisation comparison with respect to Zhangzhou citation and phrase-final tones

Tone Sonorant coda Obstruent coda
Citation Phrase-final Citation Phrase-final
1 + + - -
2 + + - -
3 + + - -
4 + + - -
5 + + - -
6 - - not realised not realised
7 - - not realised not realised
8 + + - -
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Table 9-12. Comparison of phonetic effects induced by obstruent coda realisations among Zhangzhou citation
and phrase-final tones

Parameter Citation Phrase-final

Obstruent coda not realised not realised

Duration lengthened lengthened

Pitch/FO contour depressed depressed

Vowel quality high vowel diphthongisation high vowel diphthongisation
Voice quality creaky creaky

9.2.6. Summary

As discussed, each tone is made up of a complex of phonetic parameters in both monosyllabic
and phrase-final contexts. In general, the tonal realisations are categorically similar across the two
environments but are slightly different in phonetic details, especially in length and pitch/FO
realisations. The phonetic variations are largely predictable because of the declination effects of
utterance-final position or phonetic sensitivity to preceding tones (Table 9-12). Exploring how
the phrase-final tones are mapped onto the citation tones and discovering to what extent they are
associated with each other is crucial to understanding the nature of Zhangzhou tones. The
SplitsTree software was also applied to visualise the phonological relatedness among the citation
and phrase-final tones on the basis of the multidimensional framework described.

The multidimensional properties of 16 tones including 8 citation and 8 phrase-final tones were all
firstly transformed into a multiple sequence alignment to be computed in the SplitsTree software
to generate a phylogram, as shown in the Figure 9-2. The terminal nodes on the right indicate the
16 tones being investigated. The horizontal lines indicate the amount of phonetic similarity shared
by these tones. The vertical lines indicate the relatedness between tones. The longer the lines, the

higher the probability that the tones are not related phonologically.

The mapping result between Zhangzhou citation tones and phrase-final tones is shown in Figure

9-2, using the SplitsTree software. Several aspects need to be further noted.

e Most of phrase-final tones are clustered with their corresponding citations, indicating
they are categorically related. For example, citation tone 1 (C1) and phrase-final tone
1 (F1) are clustered together, so are C3 and F3, C4 and F4, and so on.

e Therelated pairs can have slight differences in their phonetic realisations. For example,
C1 and F1 essentially have the same realisations, but C3 and F3 have differences in
length realisations, reflecting the gradual continuous relatedness in the tonal mappings.

e Phrase-final tones 2 (F2) and 8 (F8) appear unrelated to their corresponding citation
forms (C2 and C8, respectively), primarily because of the double effects of phonetic
sensitivity to preceding pitch/FO contours and declination of utterance-final position
giving rise to variations in the realisations of pitch/FO, length, and voice quality.
Nevertheless, these variations are articulatorily understandable and predictable. Thus,
they should be considered as allophonic variants in their categories.
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Zhangzhou tones

C1

F1

C2

C8

C3

F5

Cc3

F3

F2

F8

|C4

Ir4

—C6

=-F7

Figure 9-2. Mapping between Zhangzhou citation and phrase-final tones (C = citation tones; F= phrase-final

tones).

9.3. Morphological Nature of Zhangzhou Tones

Combining the results of the mappings of the relatedness between the phrase-initial and citation

tones (Figure 9-1) and between the phrase-final and citation tones (Figure 9-2), it is crucial to

explore and explain how different forms of tonal realisation are structured abstractly.

The different phonetic forms of Zhangzhou tones across linguistic contexts are considered to be

morphologically structured in speaker’s mental grammar for the following three reasons.

Because the realisations of phrase-initial tones are largely unrelated to those of their
corresponding citation tones at either the phonological or the phonetic level (see
Section 9.1.6), it is appropriate to consider the phrase-initial tones and citation tones as
two independent systems.

Because the realisations of most phrase-final tones appear to be categorically related
to those of their corresponding citation tones with a certain degree of phonetically
predictable variations (see Section 9.2.6), it is appropriate to consider the phrase-final
tones and citation tones as belonging to the same system.

Because tonal contrast neutralisation occurs across citation (see Section 5.1.7), phrase-
initial (see Section 7.2.5), and phrase-final environments (see Section 8.2.5), the
direction of tonal alternation is essentially indeterminate. Determining which forms are
underlying and which forms are derived is difficult.

As a whole, it is appropriate to consider that the nature of Zhangzhou tones is morphological.

Each lexical tone in Zhangzhou functions as a single morpheme, as indicated in Figure 9-3. When

morphemes combine in a given domain, they may influence each other’s sound structures, giving

rise to one or more phonetically distant allomorphs for the same morphemes (Haspelmath & Sims,
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2002; Lieber, 2009; Aronoff & Fudeman, 2011; Booij, 2012). In this study, each tonal morpheme
is observed having two alternating allomorphs (tonemes) that are independently stored in the

mental grammar of native speakers and phonetically distinct on the surface.

The distributions of alternating tonemes for a given lexical tonal morpheme in Zhangzhou are
complementary and primarily constrained by the boundaries of syntactic phrases. One toneme is
generalised for variants occurring in non-phrase-final position, called the sandhi position, while
another toneme is generalised for variants occurring in non-sandhi positions, including citation
and phrase-final contexts, called non-sandhi positions. In the non-phrase-final (sandhi) position,
morphophonological alternation occurs and results in dramatic changes in the phonetic shapes of

related tones, as illustrated in Figure 9-4.

Tone --- Morpheme
Toneme Toneme ---  Allomorphs
Non-phrase-final Phrase-final ~ Citation --- Phonetic variants
(sandhi) (non-sandhi)

Figure 9-3. Morphological nature of Zhangzhou tones.

Tone 6
/\ ! Morpheme
Toneme Toneme - Allomorphs

Phrase-initial Phrase-final Citation

65 41]151 [41] . .
£xt1!a—short [megﬁElm] short -- Phonetic variants
falsetto-high V creaky-high V creaky-high V

falsetto-low V creaky-low V creaky-low V
no diphthongisation diphthongisation diphthongisation
realised obstruent coda not-realised obstruent coda not-realised obstruent coda

Figure 9-4. Morphological nature of tone 6 in Zhangzhou.

This morphological nature of Zhangzhou tones is analogous to the nature of grammatical
morpheme in English. For example, when the plural morpheme is attached to other morphemes
to perform its grammatical function, it is found having different phonetic forms conditioned by

the manner of articulation of the final segment of its preceding morphemes (Haspelmath & Sims,
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2002). As shown in Figure 9-5, it is pronounced as [s] after a voiceless non-sibilant sound (as in
cats [kats]), as [z] after a voiced non-sibilant sound (as in dogs [dpgz]), and as [oz] after a sibilant
of either voiceless or voiced (as in faces [feisoz]). These alternants for the plural morpheme have
the same meaning but occur in different environments and in complementary distribution
(Haspelmath & Sims, 2002, p. 27).

Plural --- Morpheme
Phoneme  Phoneme Phoneme --- -Allomorphs
voiceless voiced sibilant --- Phonetic variants
[s] ] [oz]

Figure 9-5. Morphological nature of plural morpheme in English.

As indicated, tonal morphemes in Zhangzhou essentially function very similar to the grammatical
morphemes in English. They are attached to other morphemes to fulfil their linguistic function of
either lexical, grammatical or both. They are found having alternating allomorphs of either
tonemes or phonemes that are phonologically independent and phonetically different. The
distributions of their alternating allomorphs are complementary and predictable, but are
conditioned by different linguistic factors. The allomorph selection for Zhangzhou tones in this
study is syntactically conditioned by the boundary of syntactic phrases, while the allomorph
selection for English grammatical morphemes can be phonologically constrained, for example,

by the manner of articulation of preceding final segments in the plural case.

As discussed, the morphological treatment of Zhangzhou tones is appropriate and plausible,
reflecting complex interfaces among phonetics, phonology, morphology, and syntax. The relation
between phrase-initial, phrase-final, and citation tones is morphophonemic. The distribution of
sandhi tones is morphosyntactically determined. The relation between phrase-final and citation
tones is allophonic. The forms of phrase-initial and citation tones are phonetically distant. The
forms of phrase-final and citation tones are phonetically similar but present predictable variations.
The morphological nature of Zhangzhou tones supports one assertion made by Hyman & Leben
(2000, p. 588) that:

[T]onal morphology is particularly interesting because it exhibits essentially the same
range of morphological properties as in all of segmental morphology.
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9.4. Previous Studies
No theoretical work has explored and explained the nature of Zhangzhou tones, and the

relatedness between citation and disyllabic tones in the literature (see Section 6.4).

Nevertheless, numerous theoretical analyses have been conducted on other Southern Min varieties
of Xiamen and Taiwan (see Section 1.6). As reviewed, proposing a unified and adequate account
within generative phonology (see Section 1.6.3.1) and optimality theory (see Section 1.6.3.2) for
the nature of Southern Min tone sandhi has been considered theoretically challenging and
phonetically unnatural.

The unsatisfactory phonological interpretations have caused researchers to question the
psychological reality of Southern Min tone sandhi rule and to seek for explanation from other
perspectives. For example, a considerable number of production experiments have been
conducted, the results of which largely falsify the full productivity of tone sandhi rule in
Taiwanese, and favour a lexicon-based interpretation of allomorph selection for the relation
between Southern Min sandhi and citation tones (see Section 1.6.3.3).

The result of this chapter (see Section 9.1) also does not support the phonological nature of tone
sandhi in Southern Min, because the phrase-initial tones were not related with corresponding
citation tones at either the phonological or the phonetic level in Zhangzhou. Thus, there seems
impossible to formulate phonological rules or constraints to explain a derivational relation
between citation and sandhi tones. This study asserts the nature of Zhangzhou tones is
morphological (see Section 9.3). Sandhi (phrase-initial) and non-sandhi (citation and phrase-final)
tones function as two alternating allomorphs that are phonologically independent and phonetically

distant. The relation between sandhi and citation tones is morphophonemic.

The treatment of allomorph status of Zhangzhou tone sandhi is similar to the lexicon-based
interpretation of allomorph selection in Taiwanese tone sandhi (Hsieh, 1976; Wang, 1992; Tsay
& Myers, 1996; Chen et al., 2010); however, the two streams have different phonetic bases mainly
reflected in the usage of methodologies and research corpus, and the claim with respect to the

existence of phonological rules, as compared below.

First, the proposal of Zhangzhou tone sandhi was based on auditory and acoustic phonetics to
map the relatedness of tonal realisations in phrase-initial, phrase-final, and citation contexts. The
proposals of Taiwanese tone sandhi were based on production experiment to test the productivity
of the tone sandhi rule, except the one from Tsay & Myers (1996) that was made by summarising

results of previous studies from multiple sources with respect to different arguments.

Second, the research corpus of Zhangzhou tone sandhi involved 8 citation tones and 64 disyllabic
combinations from 21 native speakers living in urban areas of Zhangzhou, and examined

multidimensional parameters for tonal realisations. The corpus of Taiwanese tone sandhi varied
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between scholars. Hsieh (1976) involved one bi-dialectal female speaker of coastal and inland
Taiwanese and focused on two tones. Wang (1992) investigated seven citation tones from 22
native speakers of Hsin-chu Taiwanese. Tsay & Myers (1996) did not conduct experiment. Chen
et al. (2010) focussed on five tones of sonorant-ending syllables. These studies dominantly

focussed on monodimension of tonal pitch/FO.

Third, the proposal of Zhangzhou tone sandhi asserted that the relation between sandhi and
citation tones is morphophonemic, and there appears impossible to formulate phonological rules
to explain a derivational relation between them. The claims of Taiwanese tone sandhi varied
among scholars. Hsieh (1976) claimed that the Taiwanese sandhi tone rules are unreal. Wang
(1992) asserted that some of Taiwanese tone sandhi rules are real, but the rules are organisational
rather than derivational. Tsay & Myers (1996) claimed no rule for Taiwanese tone sandhi, but this
claimed was made by summarising previous work rather than basing on observations of empirical
experiment of their own. Chen et al. (2010) asserted that the nature of Taiwanese tone sandhi is
not grammar-governed, although not all the tonal production errors are allomorph errors.

Thus, the morphological interpretation of this study is proposed on the basis of a solid empirical
foundation, which further deepens the understanding of the nature of tone sandhi as a phenomenon
in Southern Min, while filling the research gap in relation to the Zhangzhou variety.

9.5. Conclusion

This chapter has investigated the nature of the mappings between Zhangzhou citation and phrase-
initial and phrase-final tones. It has shown the phrase-initial tones are largely not related to their
corresponding citation tones at both the phonological and the phonetic levels while the phrase-
final tones are largely categorically related with citation tones but present a certain degree of
variation because of predictable sensitivity to the surrounding phonetic environment and to the
effect induced by the utterance-final postion. Considering the morphological nature of Zhangzhou

tones is thus appropriate.

In summary, the tonal realisations in Zhangzhou are multidimensional, involving a variety of
segmental and suprasegmental parameters. The tonal interactions in Zhangzhou reflect interfaces
among different linguistic levels, including phonetics, phonology, syntax, and morphology.
Tonal neutralisation occurs across different linguistic contexts, including citation, phrase-initial
and phrase-final settings. Therefore, investigating the nature of Zhangzhou tones must go beyond

the single parameter of pitch/FO and beyond the single linguistic context of citation.
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Part E: From Now On

Chapter 10: Pitch and Beyond

The aim of this thesis was to explore and explain the nature of Zhangzhou tones with respect to
five major research questions. (1) How many tones are there in Zhangzhou? (2) What are tones
realised in Zhangzhou? (3) How do segmental and suprasegmental parameters interact to shape
the tonal realisations and distinctions in Zhangzhou? (4) How do tones interact with each other in
constructions beyond monosyllables? (5) How are the disyllabic tones, especially sandhi tones,
related to the citation tones?

Several original findings have been observed and discussed based on analyses of the data from
21 speakers by drawing various intersecting approaches, including field linguistics; auditory,
acoustic, and articulatory phonetics; and statistics. This final chapter primarily reviews the
research findings of this thesis and discusses directions for future studies of Zhangzhou tones.

10.1. Linguistically Significant Findings

This section primarily summarises the major findings in each part of this thesis.

10.1.1. Part A: Preliminaries

Part A introduced the preliminaries before formal descriptions and discussions of Zhangzhou
tones. Chapter 1 discussed the research background for this study in terms of tonology, tonetics,
tone sandhi, previous studies of Zhangzhou, and previous studies of Southern Min tone sandhi. It
primarily reviewed four issues. (1) Tonal realisations are complicated. It is necessary to
investigate phonetic parameters besides pitch to understand the nature of tones. (2) Tonal
representations are controversial among different models. Consensus has not yet been reached on
some essential issues. For example, what is the nature of primitive features of tones? What is the
tone-bearing unit? Are tonal features binary or privative? How are different features arranged?
(3) Tonal sandhi is typologically diverse. Languages may differ in the motivation of tonal
alternation, the dominancy of the sandhi pattern, and the specification of the sandhi domain. (4)
Southern Min tone sandhi is theoretically attractive but challenging. Many studies have
investigated the nature of SM tone sandhi, resulting in varying opinions concerning the
directionality of SM tone sandhi, definition of the sandhi domain, and theoretical interpretation
of the motivation of tone sandhi in Southern Min. This chapter also introduced the research goals,

research opportunities and structure of this thesis.

Chapter 2 largely addressed two major issues. (1) How was the fieldwork conducted in
Zhangzhou, including research area selection, participant selection, corpus design, and the data
elicitation procedure? (2) How were the post-field data processed auditorily, acoustically, and

statistically? Special attention was given to describing how the acoustic data were measured and
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normalised, as well as how the discontiguous FO trajectories were resolved to extract satisfactory
and reasonable values. The well-controlled data elicitation and processing largely guaranteed the

quality and quantity of phonetic analyses in this study.

Chapter 3 discussed Zhangzhou syllables and segments. While Zhangzhou has a relatively small
inventory of phonemes constituting different syllable components, their phonetic realisations are
substantially diverse and dynamic. For example, a variety of processes motivated the diverse
realisations of Zhangzhou onsets, including dentalisation, palatalisation, lenition, labialisation,
laminalisation, nasalisation, and glottalisation. Both vowel quality and voice quality in
Zhangzhou can change in certain tonal environments. The obstruent codas tend not to be realised
in utterance-final settings but are identifiable in non-utterance-final positions. The glottal stop is
considered a laryngeal feature accompanying creaky rhymes rather than a phonemic coda.

10.1.2. Part B: Citation tones
Part B largely discussed the phonetic properties of Zhangzhou citation tones from the perspective
of auditory and acoustic phonetics (Chapters 4 and 5, respectively). Three major findings were

observed.

First, tonal realisations are multidimensional. The single parameter of pitch/F0 is not sufficient to
characterise the contrasts among Zhangzhou citation tones. Instead, a variety of phonetic
parameters interact to create tonal realisations and distinctions. For example, tones 4 and 6 share
a common mid-high falling pitch/FO, but they differ in other parameters. Tone 4 results in
medium-length, breathy high vowels, creaky low vowels, and sonorant codas while tone 6 results
in short-length, creaky high and low vowels, diphthongisation, and unrealised obstruent codas.
The correlation between segmental and suprasegmental parameters for tonal productions has

articulatory motivations.

Second, a considerable number of speaker-dependent variations exist in both pitch/FO and length
realisations of Zhangzhou citation tones. Thus, a normalisation process was necessary to derive a
linguistic-phonetic representation of Zhangzhou tones as an independent variety, making this

variety comparable to other languages/varieties with respect to language-internal properties.

Third, tonal contrasts can be neutralised in the monosyllabic setting. For instance, the realisations
of citation tones 2 and 8 were found to be similar at either the phonological or the phonetic level.
Thus, identifying the number of tonal contrasts based simply on tonal realisations in the citation
environment is not sufficient. Instead, examining tonal realisations across different linguistic

contexts beyond monosyllables is imperative for understanding the nature of tone.
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10.1.3. Part C: Disyllabic tones

Part C concerned the properties of Zhangzhou disyllabic tones. Chapter 6 discussed the general
properties of Zhangzhou disyllabic tones from the perspective of auditory phonetics while
Chapters 7 and 8 explored the acoustic properties of Zhangzhou phrase-initial and phrase-final
tones, respectively, supplemented by statistical testing and articulatory explanations. Several

results are generalised as follows.

First, Zhangzhou has a right-dominant tone sandhi system. The number of tonal contrasts is
largely preserved at the right-dominant position while the number is considerably reduced in the
non-right-dominant positions. For example, the length contrasts are reduced dramatically to only
two: medium or extra short. Tonal realisations are significantly changed. For example, the
pitch/FO contour of each tone is alternated to the form compeletely different from its citation form.

Second, Zhangzhou tone sandhi is syntactically relevant. The tone sandhi domain in Zhangzhou
is not phonologically determined, but rather is aligned with a syntactic phrase XP. Within a given
XP, the realisations of the tones in non-phrase-final positions undergo alternations phonologically
and phonetically. Nevertheless, the alterations are sensitive only to the phrase boundaries and are
not affected by the internal structures of syntactic phrases because the realisations appear similar
regardless of whether the phrases are adjectival, verbal, nominal, or adverbial.

Third, Zhangzhou tone sandhi is phonologically inert. The realisations of Zhangzhou tones in
disyllabic phrases are not categorically affected by their surrounding tones. For example, they
have consistently similar realisations regardless of whether surrounding tones have rising, falling,
or level pitch/FO contours. The phonologically inert property of Zhangzhou tone sandhi is

statistically supported by the pairwise t tests across 64 tonal combinations from 21 speakers.

Fourth, Zhangzhou tone sandhi is phonetically sensitive. While the realisations of Zhangzhou
tones in multisyllabic phrases are not categorically affected by their surrounding tones, the
realisations, especially the pitch/FO realisations of phrase-final tones, are essentially sensitive to
the surrounding environments and presents diverse outputs. For example, phrase-initial tones tend
to have a higher pitch/F0O range while phrase-final tones tend to have a lower pitch/FO range. Most

of phrase-final tones have two variants which are statistically-significantly different.

Fifth, the realisations of Zhangzhou disyllabic tones are also multidimensional, involving
complicated but systematic interactions among a variety of phonetic parameters. For example, the
phrase-initial tone 7 indicates a mid-falling pitch/FO contour, extra-short length, breathy high
vowels, creaky low vowels, and realised obstruent codas while the phrase-final tone 7 indicates a
low falling pitch/FO contour, medium length, creaky vowels, and nonrealised obstruent codas.
Nevertheless, the phrase-initial tones have several realisations different from both citation and

phrase-final tones. For example, the obstruent codas are identifiable in this context, giving rise to
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extra-short length for the stopped tones and extra-high pitch/FO and falsetto voice for the vowels

in the phrase-initial stopped tone 6.

10.1.4. Part D: Mapping between citation and disyllabic tones
Part D primarily concerned how the disyllabic tones are related to the citation tones in Zhangzhou
and how native speakers structure different realisations across different contexts in their mental

grammars. Three major findings resulted from Chapter 9.

First, the phrase-initial tones are largely not related with their corresponding citation tones at both
the phonological and the phonetic levels with respect to the multidimensional parameters.

Therefore, considering them two independent systems is appropriate.

Second, the phrase-final tones are largely related to their corresponding citation tones at the
phonological level but phonetically are not exactly the same because of predictable sensitivity to
the surrounding phonetic environments. Thus, considering them to be in an allophonic
relationship is appropriate.

Third, the nature of Zhangzhou tones is morphological. The structures of tonal realisations across
different linguistic contexts are morphologically conditioned. Each tone can be regarded as a
single morpheme having two alternating allomorphs (tonemes) that are both abstractly stored in
the mental grammar of native speakers but are phonetically distant on the surface. One allomorph
is for the variants occurring in the sandhi (non-phrase-final) position while another allomorph is

for the variants occurring in the non-sandhi positions, including citation and phrase-final contexts.

10.1.5. Summaries

In summary, Zhangzhou has eight tones rather than seven, as proposed in previous studies. This
finding resulted from examining the realisations of diverse parameters across three different
contexts—isolation, phrase-initial, and phrase-final—, rather than classifying tones in terms of
the preservation of Middle Chinese tonal categories in spontaneous speech, as largely was done

in earlier studies.

Tonal contrasts in Zhangzhou can be neutralised across different linguistic contexts. Identifying
the number of tonal contrasts based simply on tonal realisations in the citation environment is not
sufficient. Instead, examining tonal realisations across different linguistic contexts beyond

monosyllables is imperative for understanding the nature of tone.

Tonal realisations in Zhangzhou are multidimensional, involving a variety of segmental and
suprasegmental parameters that interact with each other in a complicated but systematic way to
code Zhangzhou tonal distinctions. Therefore, the single dimension of pitch/FO is not sufficient

to characterise Zhangzhou tonal contrasts.
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Tonal interactions in Zhangzhou are complicated, involving phonetics, phonology, syntax, and
morphology. Investigating the nature of tone sandhi in a given tonal language should not merely
focus on how tones are realised in multisyllabic settings but should examine how the tone sandhi
domain is linguistically specified; whether the tonal realisations may be affected by their
surrounding tones and, if so, to what extent they are affected; how the sandhi tones are mapped
onto the citation tones; and how native speakers structure different tonal realisations across
different linguistic contexts. Thus, researchers must go beyond pitch to properly understand tone

as a phenomenon in Southern Min.

10.2. Recommendation for Future Research

This study was a systematic investigation into the nature of Zhangzhou tones across
multidimensional parameters, different phonetic branches, and different linguistic contexts, using
field data from 21 speakers. The findings also highlight a number of new areas for exploration in
future studies. The directions largely include: (1) studying Zhangzhou tones in connected speech,
(2) exploring special tone sandhi patterns, (3) using articulatory and perceptual experiments to
investigate tonal realisations in Zhangzhou, and (4) exploring the nature of Zhangzhou tones from

diachronic and socio-phonetic perspectives of view, as discussed in this section.

10.2.1. Tones in connected speech

The data presented in this thesis were all well controlled to balance the perturbative effects from
tautosyllabic segments for the purpose of acoustic experiment. In addition, both monosyllabic and
disyllabic tokens were elicited by having them produced in isolation by native speakers. However,
it will be of linguistically significantly interesting to investigate how tones are realised and how
individual tones interact in constructions beyond disyllables. Additionally, tonal realisations can
be considerably affected when produced in connected speech, in which a sentence generally
“carries many other communicative functions that either use pitch as their primary or secondary
carrier or change pitch inadvertently” (Xu, 2006, p. 743). For example, a question sentence
generally has an overall rising intonation. Xu (2006) summarises three substantial discourse-

induced effects on tone.

e The ideal form of tone is routinely compromised due to articulatory sluggishness.

e The underlying tonal target itself is sometimes changed.

e The surface tonal form is further distorted by other linguistic functions that also change
pitch either deliberately or inadvertently.

Therefore, comprehending the discourse-induced modifying effects on tonal realisations is
important for a full understanding of the nature of tone. It will be of linguistic significance for

future research to investigate how tones are realised and how they interact in connected speech in
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Zhangzhou, how a sequence of tones is articulated in succession, and how tonal realisations are

different from those revealed in this study.

10.2.2. Special tone sandhi

The tone sandhi in Zhangzhou was found to be characteristically sensitive to the boundaries of
syntactic phrases. In non-phrase-final positions, tonal alternations occur, which is considered
regular tone sandhi in this present study. In addition, the tonal realisations in disyllabic
constructions categorically appear not affected by internal structures of syntactic phrases and not
affected by the categories of their surrounding tones. Therefore, the mapping between sandhi
tones and citation tones is morphologically conditioned. Each tone has an allomorph (toneme) for
variants occurring in non-phrase-final positions and another allomorph for variants occurring in

utterance-final positions.

Nevertheless, two other tone sandhi patterns were also discovered in the field, occurring in very
specific morphosyntactic contexts but showing dramatically different realisations from those
identified in the regular tone sandhi. First, tones in Zhangzhou have different realisations in
nominal compounds with a diminutive suffix /?e51/. For example, in this morphological
environment, the pitch of the eight tones is either a high level [55] or a rising contour [35],
depending on their pitch contour shape in citation. The falling pitch contours in citation are all
neutralised to a high level [55] while the non-falling pitch contours are neutralised to a rising

contour [35] in this specific context, as indicated in Table 10-1.

Table 10-1. Examples of tonal realisations before the diminutive morpheme /?e51/ in Zhangzhou

Tone Citation  Regular sandhi  Before /?e51/ Example

1 [35] [33] [35] ke35.?e51 “little chicken’

2 [22] [33] [35] hi35.?e51 “little fish®

3 [51] [25] [55] tsjew55.?2e51 “little bird’

4 [41] [63] [55] tho55.2e51 “little rabbit’

5 [33] [32] [35] khi35.?2e51 “little persimmon’
6 [41] [65] [55] tit55.?e51 ‘small bamboo’

7 [221] [32] [35] d>k35.2e51 “little deer’

8 [22] [32] [35] ?je35.?7e51 “little tablet’

Second, tones in Zhangzhou have different realisations in the first adjectives of triplicated
adjective constructions to express the highest degree of a particular quality. For example, in this
specific morphosyntactic context, the pitches of the eight tones are all alternated to a mid-rising
contour [35] with an extra-long duration, as shown in Table 10-2.
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Table 10-2. Examples of tonal realisations of the adjectives in the first position of triplicated adjective
constructions in Zhangzhou

Tone Citation Regular sandhi  First adjective Adjective triplications

1 [35] [33] [35] tshe35.tshe33.tshe35 ‘superb green’
2 [22] [33] [35] ?en35.?7en33.2en211 ‘superb red’

3 [51] [25] [35] suj35.5uj35.suj52 ‘superb beautiful®
4 [41] [63] [35] tshe35.tshe63.tshed 1 ‘super crisp’

5 [33] [32] [35] tsin35.tsin32.tsin33 ‘superb quiet’
6 [41] [65] [35] sip35.sip65.sip41 ‘superb humid’

7 [221] [32] [35] tit35.1it32.tit211 ‘superb straight’

8 [22] [32] [35] pe35.pe32.pe211 ‘superb white’

The special sandhi patterns were also broadly documented in the literature, but the descriptions
were inconsistent among scholars (Ma, 1994; ZCCEC, 1999; Yang, 2006, 2008) and were
different from my observations in the field. For example, in the adjective triplication context
(Table 10-3), the pitch descriptions for the first adjective vary widely.

Table 10-3. Pitch description comparison of the first adjective in triplicated adjective constructions in
Zhangzhou

Tone Ma 1994 ZCCEC 1999 Yang 2008 This study
1 44 44 34 [35]
2 44 44 34 [35]
3 44 44 34 [35]
4 44 44 53 [35]
5 44 44 34 [35]
6 44 44 5 [35]
7 44 44 34 [35]
8 * * * [35]

In summary, investigating how the individual tones are realised in these specific morphosyntactic
environments with respect to the multidimensional parameters identified in this study will be
interesting. In addition, exploring and explaining how these different realisations are related to
citation tones and how native speakers structure such diverse realisations in their mental

grammars will also be linguistically significantly interesting.

10.2.3. Other experimental methodologies

This study incorporated auditory description, acoustic quantification, articulatory explanation,

and statistical testing to explore how tones are realised and how segmental and suprasegmental
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parameters interact to make tonal distinctions in Zhangzhou. Nevertheless, the research was
limited to conducting acoustic quantification and statistical testing only on the parameters of FO
and duration, rather than on all parameters. For example, different types of voice quality, as part
of tonal realisations in Zhangzhou, were examined primarily in terms of their acoustic
manifestations on the waveforms and the spectral tilt H1-H2, supplemented by articulatory
interpretation. Nevertheless, a variety of other parameters, including jitter, shimmer, harmonics-
to-noise ratio (HNR), cepstral peak prominence (CPP), H1-Al and H1-A2, can also be adopted
for voice quality assessment (e.g., Andruski & Ratliff, 2000; Esposito, 2010, 2012; Abramson et
al., 2015).

Additionally, electroglottograph (EGG), indexing the degree of contact between the vocal folds,
has been considered a useful tool in measuring and describing vocal-fold phonatory vibration
(Andruski & Ratliff, 2000; Esposito, 2010, 2012; DiCanio, 2009; Abramson et al., 2015). The
perceptual validation test is also often adopted to examine how people perceive a contrast (e.g.,
Abramson, 1975; Esposito, 2006, 2010; Brunelle, 2009; Yu & Lam, 2014; Garellek et al., 2013;
Kuo, 2013; Kuang, 2011, 2013). With multiple dimensions of contrasts, the perceptual test can
also be used to verify how well listeners weight different parameters for tonal contrasts.

In summary, exploring the role of voice quality in tonal contrasts in Zhangzhou using other
acoustic parameters would be of linguistic interest. The results concerning the correlation among
vowel quality, voice quality, and pitch/FO could be improved if articulatory and perceptual
experiments were incorporated in future research. Additionally, conducting psycholinguistic
studies on the lexical and tonal representation, using wug tests and priming techniques, would

also help shed more lights on the nature of tone sandhi.

10.2.4. Other descriptive perspectives

This study focussed on synchronic speech to explore the nature of Zhangzhou tones. The derived
results are not only of linguistically phonetic significance to represent Zhangzhou as a whole
variety, making it comparable to other languages/varieties with respect to tonal properties. The
findings are also of diachronic implication for future studies to trace the development of present-
day Zhangzhou speech from the Archaic and Middle Chinese, and to map the shifts and mutations
of sound change over centuries. From example, the emergence of tone 8 significantly reflects the
split of MC Yangru tone that is motivated by the disappearance of historical glottal stop in the

synchronic data.

A host of related questions may also arise for a fuller understanding of the sound system of
Zhangzhou, both synchronically and diachronically. For example, how does the change of tonal
system spread through a community? Does the change spread from morpheme to morpheme or

does it affect all morphemes at the same time? Do speakers have simultaneous access to two
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grammatical system of tones? How does age or other social variation between speakers lead to
the spread of change? Similarly, the widespread existence of nasalised vowels, syllabic nasals,
and the three-way nasal coda contrasts in the segmental system also calls for diachronic attention

to its historical origins and propagations.

Additionally, while this study concentrated to derive a linguistic phonetic representation of the
variety of Zhangzhou as a whole, the acoustic signals essentially contain not only the invariable
linguistic contents, but also the variable indexical contents reflecting individual speaker’s
sociocultural background, pragmatic intent, vocal tract anatomy and physiology. It thus will be
linguistically interesting to conduct a systematic investigation of the fundamental relationship
between the variation of the tonal production and social background of speakers from articulatory,
acoustic, and dialectological perspectives. For example, how do transgender speakers use
individual parameters, for example FO, duration and voice quality, to index their gender identities?
How are the phonetic/phonological forms of speech sound related to the social, regional, and
interactional-communicative factors?

239



240



References

Abramson, A. S. (1975). Tones of Central Thai: Some perceptual experiments. Studies in Thai
linguistics in honor of William J. Gedney, 1-16.

Abramson, A. S., & Erickson, D. M. (1978). Diachronic tone splits and voicing shifts in Thai:
Some perceptual data. Haskins Laboratories Status Report on Speech Research, 53, 85-
96.

Abramson, A. S., Tiede, M. K., & Luangthongkum, T. (2015). VVoice register in Mon: Acoustics
and electroglottography. Phonetica, 72, 237-256.

Anderson, S. R. (1978). Tone features. In V. Fromkin (Ed.), Tone: A lingusitic survey (pp. 133-
175). New York, NY: Academic Press.

Andruski, J. E., & Ratliff, M. (2000). Phonation types in production of phonological tone: The
case of Green Mong. Journal of the International Phonetic Association, 30, 37-61.

Aronoff, M. & Fudeman, Kirsten. (2011). What is morphology? (2nd edition). Hoboken, NJ:
Wiley-Blackwell.

Avelino, H. (2010). Acoustic and electroglottographic analyses of nonpathological, nonmodal
phonation. Journal of voice, 24(3), 270-280.

Baart, J. (2010). A field manual of acoustic phonetics. Dallas, TX: SIL International.

Ballard, W. L. (1988). The history and development of tonal systems and tone alternations in
South China (Vol. 22). Study of Languages and Cultures of Asia and Africa: Monograph
Series 22.

Bao, Z. (1990). On the nature of tone (Doctoral dissertation, Massachusetts Institute of
Technology). Retrieved from http:// dspace.mit.edu/handle/1721.1/14143

Bao, Z. (1999). The structure of tone. New York, NY: Oxford University Press.
Barrie, M. (2006). Tone circle and contrast preservation. Linguistic Inquiry, 37, 131-141.

Benedict, P. K. (1948). Tonal systems in Southeast Asia. Journal of the American Oriental
Society, 68, 184-191.

Bickford, A. C., & Floyd, R. (2006). Articulatory phonetics: Tools for analyzing the world * s
languages (4th ed.). Dallas, Texas: SIL International.

Blevins, J. (1996). The syllable in phonological theory. In J. A. Goldsmith (Ed.), The handbook
of phonological theory. Retrieved from Blackwell Reference Online website:
http://www.blackwellreference.com/subscriber/book.html?id=g9780631201267_
9780631201267

Blumstein, S. E. (1991). The relation between phonetics and phonology. Phonetica, 48, 108-
119.

Boersma, P. (2001). Praat: Doing phonetics by computer [Computer program]. Glot
International, 5, 341-345.

Booj, G. (2012). The Grammar of words: An introduction to linguistic morphology (3rd
edition). Oxford, UK: Oxford University Press.

Bowern, C. (2008). Linguistic fieldwork a practical guide. London, England: Palgrave
Macmillan.

241



Brunelle, M. (2009). Tone perception in Northern and Southern Vietnamese. Journal of
Phonetics, 37, 79-96.

Butler, C. (1985). Statistics in linguistics. Oxford, England: Blackwell.

Cahill, M. (2008). More universals of tone (Working Paper 2007-007). Dallas, TX: SIL
International Electronic Working Papers, 1-10.

Chan, M. K.-m. (1985). Fuzhou phonology: A non-linear analysis of tone and stress (Doctoral
Dissertation, University of Washington). Retrieved from
http:// sunzi.lib.hku.hk/ER/detail/hkul/3633038

Chang, M.-c. L. (1992). The representation of tone and the parametric variations of tonal
systems. Annual Meeting of the Berkeley Linguistics Society, 18, pp. 41-53.

Chao, Y. (1930). o sistom ov “toun-letoz” (A system of "tone letters™). Le Maitre Phonétique,
45, 24-217.

Chelliah, S. L., & de Reuse, W. J. (2010). Handbook of Descriptive Linguistic Fieldwork.
Berlin, Germany: Springer.

Chen, B. (1990). The diachronic evolution and applicaiton of alveolar and velar nasal coda in
Zhangzhou dialect (7& /1 8 f5 £ & 18 22 R M 32 F). Journal of Zhangzhou
Teachers College (&M iy 2Bt 244k ), 96-101.

Chen, B. (1998). A comparative study between Zhangzhou southern Min and Taiwanese (7% &

) 75 77 = LT 9T). Journal of Zhangzhou Teachers College (7 iz 24K, 4, 15-
25.

Chen, M. (1992). Tone rule typology. Proceedings of the Eighteenth Annual Meeting of the
Berkeley Linguistics Society: Special session on the typology of tone languages (pp. 54-
66). eLanguage: The Linguistic Society of America’s digital publishing platform.

Chen, M. (2000). Tone sandhi. Cambridge, England: Cambridge University Press.
Chen, M. Y. (1987). The syntax of Xiamen tone sandhi. Phonological Yearbook, 4, 109-149.

Chen, S.-w., Myers, J., & Tsay, J. (2010). Testing the allomorph selection hypothesis in
Taiwanese tone sandhi. The 22nd North American Conference on Chinese Linguistics &
The 8th International Conference on Chinese Linguistics, (pp. 283-300).

Chen, Z. (2007). Southern Min dictionary of Zhangzhou variety [ 55 J & 8. Beijing,
China: Zhonghua Shuju H 45 )5.

Cheng, R. L. (1968). Tone sandhi in Taiwanese. Linguistics, 6(41), 19-42.

Chk2011. (2012). Administrative Division Zhangzhou. Retrieved from
https://zh.wikipedia.org/wiki/File: Administrative_Division_Zhangzhou.png

Chomsky, N., & Harris, H. (1968). The sound pattern of English. New York, NY: Harper &
Row.

Clark, J., & Yallop, C. (1990). An introduction to phonetics and phonology. Oxford, England:
Blackwell.

Clements, G. N. (1981). A hierarchical model of tone. In W. Dressler, O. Pfeiffer, & J.
Rennison (Eds.), Phonologica 1980 (Innsbrucker Beitréage zur Sprachwissenschaft, vol.
36), Vol. 2, pp. 69-75). Innsbruck, Austria: Institue fiir Sprachwissenschaft

242



Clements, G. N. (1983). The hierarchical representation of tone features. In 1. Dihoff (Ed.),
Current approaches to African linguistics (pp. 145-176). Dordrecht, The Netherlands:
Foris.

Clements, G. N. (1985). The geometry of phonological features. Phonology, 2(1), 225-252.

Cohen, A., & Collier, R. (1982). Declination: Construct or intrinsic feature of speech pitch?
Phonetica, 39, 254-273.

Cohn, A. C. (2007). Phonetics in phonology and phonology in phonetics. Working Papers of the
Cornell Phonetics Laboratory, 16, pp. 1-31.

Connell, B. (2002). Tone languages and the universality of intrinsic FO: Evidence from Africa.
Journal of Phonetics, 30, 101-129.

Dedering, U. (2010). Zhangzhou is located in China. Retrieved from https://en.wikipedia.org/
wiki/Zhangzhou#/media/File:China_edcp_location_map.svg

DiCanio, C. T. (2009). The phonetics of register in Takhian Thong Chong. Journal of the
International Phonetic Association, 39, 162-188.

DiCanio, C. T. (2012). Coarticulation between tone and glottal consonants in Itunyoso Trique.
Journal of Phonetics, 40, 162-176.

Ding, P. S. (2016). Southern Min (Hokkien) as a migrating language: a comparative study of
language shift and maintenance across national borders. New York, United States:
Springer.

Dong, T. (1959). Four Southern Min varieties VU™ [# 5 /7 5. Taipei: Zhongyang Yanjiuyuan
Hh LBt 5 B

Donohue, C. (2007). The interaction of tones and vowels in Fuzhou. Annual Meeting of the
Berkeley Linguistics Society, 33, pp. 97-104.

Donohue, C. (2013). Fuzhou tonal acoustics and tonology. Muenchen, Germany: LINCOM
Europa.

Donohue, M. (1997). Tone systems in New Guinea. Linguistic Typology, 1, 347-368.

Donohue, M. (2005). Tone and the trans New Guinea languages. Crosslinguistic studies of tonal
phenomena (pp. 33-53). Tokyo, Japan: Tokyo University of Foreign Studies: Research
Institute for Languages and Cultures of Asia and Africa.

Dornyei, Z. (2007). Research methods in applied linguistics : Quantitative, qualitative, and
mixed methodologies. Oxford, England: Oxford University Press.

Du, X. (2013). Study of sound system in Zhangzhou Dialect Vocabularies ( {7/ 77 5 L)
T ZWF9T). Fangyan, 03, 279-285.

Duanmu, S. (1990). A formal study of syllable, tone, stress and domain in Chinese languages
(Doctoral dissertation, Massachusetts Institute of Technology). Retrieved from
http://dspace.mit.edu/handle/1721.1/13646

Duanmu, S. (2000). The Phonology of Standard Chinese. Oxford, England: Oxford University
Press.

Duanmu, S. (2005). The tone-syntax interface in Chinese: Some recent controversies.
Proceedings of the Symposium Cross-Linguistic Studies of Tonal Phenomena,
Historical Development, Tone-Syntax Interface, and Descriptive Studies, (pp. 16-17).

243



Earle, M. (1975). An acoustic phonetic study of North Vietnamese tones. Santa Barbara, CA:
Speech Communication Research Laboratories.

Esposito, C. M. (2006). The effects of linguistic experience on the perception of phonation
(Doctoral dissertation, University of California, Los Angeles). Retrieved from
http://linguistics.ucla.edu/research/phd-dissertations/

Esposito, C. M. (2010). The effects of linguistic experience on the perception of phonation.
Journal of Phonetics, 38, 306-316.

Esposito, C. M. (2012). An acoustic and electroglottographic study of White Hmong tone and
phonation. Journal of Phonetics, 40, 466-476.

Faytak, M., & Yu, A. C. (2011). A typological study of the interaction between level tones and
duration. In E. Zee (Ed.), Proceedings of the International Congress of the Phonetic
Sciences, XVII. International Congress of the Phonetic Sciences.

FCCEC. (1998). Fujian Province Gazette-Dialect Volume #& 44 -5 = . Beijing, China:
Fangzhi Chubanshe 77 & H! ff it

Foulkes, P., Scabbie, J. M., & Watt, D. (2010). Sociophonetics. In W. J. Hardcastle, J. Laver, &
F. E. Gibbon (Eds.), The handbook of phonetic sciences (2nd ed., pp. 703-754).
Hoboken, NJ: Wiley-Blackwell.

Fox, A. (2000). Prosodic features and prosodic structure: The phonology of suprasegmentals.
New York, NY: Oxford University Press.

Francis, A. L., Ciocca, V., Wong, V. K., & Chan, J. K. (2006). Is fundamental frequency a cue
to aspiration in initial stops? Journal of the Acoustical Society of America, 12, 2884-
2895.

Fromkin, V. A. (1972). Tone features and tone rules. Studies in African Linguistics, 3, 47-76.

Fu, B. (1995). A system of tone features and its implications for the representation of tone
(Doctoral dissertation, Simon Fraser University). Retrieved from
http:// summit.sfu.ca/item/6860

Gandour, J. (1977). On the interaction between tone and vowel length: Evidence from Thai
dialects. Phonetica, 34, 54-65.

Gandour, J. T. (1978). The perception of tone. In V. A. Fromkin (Ed.), Tone: A linguistic survey
(pp. 41-76). New York, NY: Academic Press.

Gao, R. (1999). Introduction to the sound system of Zhangzhou 7% /175 & % & B&1%. In Minnan
dialect-studies of Zhangzhou variety [ /7 & -7 155 55 (pp. 109-116). Beijing,
China: Zhongguo Wenlian Chubanshe 1 [E 3B H it

Garellek, M., & Keating, P. (2011). The acoustic consequences of phonation and tone

interactions in Jalapa Mazatec. Journal of the International Phonetic Association, 41,
185-205.

Garellek, M., Keating, P., Esposito, C. M., & Kreiman, J. (2013). Voice quality and tone
identification in White Hmong. Journal of the Acoustical Society of America, 133,
1078-1089.

Gick, B., Wilson, I., & Derrick, D. (2013). Articulatory phonetics. Hoboken, NJ: Wiley-
Blackwell.

244



Goldsmith, J. (1976). Autosegmental phonology (Doctoral dissertation, Massachusetts Institute
of Technology). Retrieved from http://hdl.handle.net/1721.1/16388

Goldsmith, J. A., Hume, E., & Wetzels, L. (2011). Tones and features: Phonetic and
phonological perspectives. Berlin, Germany: De Gruyter Mouton.

Gordon, M., & Ladefoged, P. (2001). Phonation types: A cross-linguistic overview. Journal of
Phonetics, 29, 383-406.

Guo, J. (1999). Sound change of Zhangzhou variety during the past one hundred years (T —H
R M UEEZAE1E). In B. Chen (Ed.), Southern Min dialect- studies of Zhangzhou
variety ([ Fg /7 5 — MG 78, pp. 117-126). Beijing, China: Zhongguo Wenlian
Chubanshe ([l SCIE H Fitt).

Guo, J. (2014). Zhangzhou Southern Min &)1 [# = /5 5 . Zhangzhou, China: Zhangzhou
Library 75 /M 578,

Halle, M., & Stevens, K. N. (1971). A note on laryngeal features. In M. Halle (Ed.), In
phonology and phonetics [PP]: From memory to speech and back: Papers on phonetics
and phonology 1954 - 2002. Berlin, Germany, de Gruyter

Harrington, J. (2010). Acoustic phonetics. In W. J. Hardcastle, J. Laver, & F. E. Gibbon (Eds.),
The handbook of phonetic sciences (2nd ed., pp. 81-129). Hoboken, NJ: Wiley-
Blackwell.

Hashimoto, M. J. (1982). The so-called ‘original’ and ‘changed’ tones in Fukienese—A
case study of Chinese tone morphophonemics. Bulletin of the Institute of History and
Philology, 53, 645-659.

Haspelmath, M., & Sims, A.D (2002). Understanding morphology (2rd edition.). London,
England: Arnold.

Holmberg, E. B., Hillman, R. E., Perkell, J. S., Guiod, P. C., & Goldman, S. L. (1995).
Comparisons among aerodynamic, electroglottographic, and acoustic spectral measures
of female voice. Journal of Speech, Language, and Hearing Research, 38, 1212-1223.

Hombert, J.-M. (1976). Effect of aspiration on the fundamental frequency of the following
vowel. Proceedings of the 2nd Annual Meeting of the Berkeley Linguistics, (pp. 212-
219).

Hombert, J.-M. (1978). Consonant types, vowel quality, and tone. In V. A. Fromkin (Ed.),
Tone: A linguistic survey (pp. 77-112). New York, NY: Academic Press.

Hombert, J.-M., Ohala, J., & Ewan, W. G. (1979). Phonetic explanations for the development of
tones. Language, 55, 37-58.

Hoole, P., & Hu, F. (2004). Tone-vowel interaction in standard Chinese. International
Symposium on Tonal Aspects of Languages: With Emphasis on Tone Languages, (pp.
89-92).

Hooper, J. B. (1972). The syllable in phonological theory. Language, 48, 525-540.

Hsieh, F.-f. (2005). Tonal chain-shifts as anti-neutralization-induced tone sandhi. University of
Pennsylvania Working Papers in Linguistics, 11(1), 99-112.

Hsieh, H.-1. (1976). On the unreality of some phonological rule. Lingua, 38(1), 1-19.

245



Huang, D. (1999). A research into the Archic Chinese in different Southern Min varieties (i g
75 & W) _E 5 4%). In B. Chen (Ed.), Minnan dialect—Studies of Zhangzhou
variety ([ F 77 5 — &M IGHF5T; (pp. 52-76). Beijing, China: Zhongguo Wenlian
Chubanshe (H [ SCEK H hicL).

Huang, L. (2014). Research on the evolution of the Chang-chew dialect over the past 100 years
through Chinese-English dictionaries of the vernacular or spoken language of Amoy (M
(HEICRFL) BEMNTTE —H 29 RHAEL). (Master’s thesis, Huagiao
University). Retrieved from
http://60.16.24.71/KCMS/detail/detail.aspx?filename=1014079515.nh&dbcode=CMFD
&dbname=CMFDTEMP

Huang, Y. (2009). A phonetic study on the acquisition of Chinese vowels in Minnan area ([ 7§
77 & X @ E o 51 SEER T 7). Proceedings of The 9th International
Conference on Chinese Teaching -Linguistic Analysis 72 71 & 7515 X #0126 X
Z#. Taiwan: Sino-Culture Press (T Ft43 HfRAL).

Huang, Y. (2010). An acoustic-comparative study between oral vowels and nasalised vowels in
Minnan Zhangzhou dialect ([# & /M J7 5 11 76 & Al A0 76 2 (1 75 2 LU 7).
(Master’s thesis, Guangxi Normal University) Retrieved from
http://59.57.115.123:85/KCMS/detail/detail.aspx?filename=2010155514.nh&dbcode=C
MFD&dbname=CMFD2011.

Huang, Y., Donohue, M., Sidwell, P., & Rose, P. (2016). Normalization of Zhangzhou citation
tones. In C. Carignan, & M. Tyler (Eds.), Proceedings 16th Australasian International
Conference on Speech Science & Technology, (pp. 217-220). Sydney, Australia: The
Australian Speech Sciience & Technology Association .

Huckvale, M. (2012). Data processing: Digital analysis of speech audio signals. In N. Miiller &
M. J. Ball (Eds.), Research methods in clinical linguistics and phonetics: A practical
guide (pp. 195-218). Chichester, England: Wiley and Sons.

Huffman, M. K. (1987). Measures of phonation type in Hmong. Journal of the Acoustical
Society of America, 81, 495-504.

Hyman, L. M. (1975). Phonology: theory and analysis. New York, NY: Holt, Rinehart &
Winston.

Hyman, L. M. (1978). Tone and/or accent. In D. Napoli (Ed.), Elements of tone, stress and
intonation (pp. 1-20). Washington, DC: Georgetown University Press.

Hyman, L. M. (1993). Register tones and tonal geometry. In K. Snider & H. v. Hulst (Eds.), The
phonology of tone: The representation of tonal register (pp. 75-108). Berlin, Germany:
Mouton de Gruyter.

Hyman, L. M. (2011). Tone: Is it different? In J. A. Goldsmith, J. Riggle, & A. C. Yu (Eds.),
Handbook of phonological theory (pp. 197-239). New York, NY: Wiley & Sons.

Hyman, L. M. (2012). Coda constraints on tone. UC Berkeley Phonology Lab Annual Reports,
189-204.

Hyman, L.M., & Leben, W. R. (2000). Suprasegmental processes. In G. Booij, C. Lehmann, J.
Mugdan, & S. Skopeteas (Eds), Morphologie/Morphology: Ein internationales
handbuch zur flexion und wortbildung (An International Handbook on Inflection and
Word-formation) (pp. 587-594). Berlin, Germany: Walter De Gruyter & Go.

246



Hyman, L. M., & Schuh, R. G. (1974). Universals of tone rules: Evidence from West Arica.
Linguistic Inquiry, 5, 81-115.

Hyman, L. M., & VanBik, K. (2002). Tone and syllable structure in Hakha-Lai. Annual Meeting
of the Berkeley Linguistics Society, 28, 15-28.

Hyman, L. M. (2006). Word prosodic typology. Phonology, 23, 225-257.

lunn, U.-G,, Lau, K.-G., Tan-Tenn, H.-G., Lee, S.-A., & Kao, C.-Y. (2007). Modeling
Taiwanese Southern-Min tone sandhi using rule-based mothods. International Journal
of Computational Linguistics and Chinese Language Processing, 12, pp. 349-370.

Johnson, K. (2008). Quantitative methods in linguistics. Hoboken, NJ: Wiley-Blackwell.
Johnson, K. (2011). Acoustic and auditory phonetics (3rd ed.). Hoboken, NJ: Wiley-Blackwell.

Kloepper, T. H., & Huson, D. H. (2008). Drawing explicit phylogenetic networks and their
integration into SplitsTree. BMC Evolutionary Biology (1), 22.

Kong, Q.-m. (1987). Influence of tones upon vowel duration in Cantonese. Language and
Speech, 30, 387-399.

Kuang, J. (2011). Production and perception maps of the multidimensional register contrast in
Yi. UCLA Working Papers: Phonetics, 1-30.

Kuang, J. (2013). Phonation in tonal contrasts (Doctoral dissertation, University of California:
Los Angeles). Retrieved from http://escholarship.org/uc/item/6n72p16n

Kuo, C.-H. (2013). Perception and acoustic correlates of the Taiwanese tone sandhi group
(Doctoral dissertation, University of California, Los Angeles). Retrieved from
http://escholarship.org/uc/item/30q6w11t#page-2

Ladd, D. R. (1984). Declination: A review and some hypotheses. Phonology 1, 53-74.

Ladefoged, P. (1971). Preliminaries to linguistic phonetics. Chicago, IL: University of Chicago
Press.

Ladefoged, P. (1999). Instrumental techniques for linguistic phonetic fieldwork. In T. H.
Sciences, W. Hardcastle, J. Laver (Eds.), Blackwell Reference Online. Retrieved from
http://www.blackwellreference.com/subscriber/tocnode.html?id=g9780631214786 _
chunk_g97806312147865

Ladefoged, P. (2003). Phonetic data analysis: An introduction to fieldwork and instrumental
techniques. Hoboken, NJ: Wiley-Blackwell.

Ladefoged, P., & Disner, S. F. (2012). Vowels and consonants (3rd edition). Hoboken, NJ:
Wiley-Blackwell.

Lai, Y., & Jongman, A. (2005). Effects of aspiration on fundamental frequency in Taiwanese
syllables. Journal of the Acoustical Society of America, 117, 2458-2459.

Lai, Y., Huff, C., Sereno, J., & Jongman, A. (2009). The raising effect of aspirated prevocalic
consonants on FO in Taiwanese. Proceedings of the 2nd International Conference on
East Asian Linguistics, Simon Fraser University Working Papers in Linguistics.

Lass, R. (1984). Phonology: An introduction to basic concepts. Cambridge, England:
Cambridge University Press.

Laver, J. (1980). Phonetic description of voice quality. Cambridge, England: Cambridge
University Press.

247



Laver, J. (1994). Principles of phonetics. Cambridge, England: Cambridge University Press.

Lehiste, I. (1976). Suprasegmental features of speech. In N. Lass (Ed.), Contemporary issues in
experimental phonetics (pp. 225-239). New York, NY: Academic Press.

Levi, S. (2011). Glides. In The Blackwell Companion to Phonology (pp. 341-366). Hoboken,
NJ: Wiley-Blackwell. doi:10.1002/9781444335262.whctp0015

Levshina, N. (2015). How to do Linguistics with R: data exploration and statistical analysis.
Amsterdam, Netherlands: John Benjamins Publishing Company.

Li, R., & Yao, R. (2008). Southern Min dialects ([ 577 5 ). Fuzhou, China: Fujian Renmin
Chubanshe (&% A K H RAL).

Liang, N. (2014). The Ph system comparison study of Southern Fukienese and Taiwanese ([ &
I B 7 5 & & LB 7T). (Master’s thesis, Fujian Normal University). Retrieved from
http://cdmd.cnki.com.cn/Article/CDMD-10394-1015521194.htm

Liaon98. (2016). Hokkien distribution. Retrieved from https://en.wikipedia.org/wiki/
Hokkien#/media/File:Hokkien_Map.svg

Lieber, R. (2010). Introducing morphology. Cambridge, England: Cambridge University Press.
Lieberman, P. (1967). Intonation, perception and language. Cambridge, MA: MIT Press.

Lin, B. (1992). Zhangzhou vocabularies 7% 77 & A7, Fangyan 7/ &, 1-3.

Lin, J.-w. (1994). Lexical government and tone group information. Phonology, 11, 237-275.

Lorenz, F. (2013). Basics of phonetics and english phonology (2nd ed.). Berlin, Germany:
Logos-Verlag.

Lotto, A. J., Holt, L. L., & Kluender, K. R. (1997). Effect of voice quality on perceived height
of English vowels. Phonetica, 54, 76-93.

Ma, C. (1994). Studies of Zhangzhou dialect 7% 77 5 #F 7%. Hongkong: Zongheng Chubanshe
I H FBUAL.

Ma, C. (1997). A comparative study of the rhyme system between Guangyun and Zhangzhou
dialect (1) ( <)1) HiEM G EBIR BB (1)), Journal of Fujian Teachers
University CHEEITTE R A 4R- 2 F At B RR), 2, 95-102.

Ma, C. (1997). A comparative study of the rhyme system between Guangyun and Zhangzhou
dialect (2) ( €)%Y MG R R LB (F)). Journal of Fujian Teachers
University (& g2 )i K22 253 - 2 44t & R4 AR), 3, 83-87.

Ma, C. (1999). A comparative study of rhyme systems between Guangyun and Zhangzhou
dialect ( /7 #)) WRGEM T 5B ARMLLEHFT). In B. Chen (Ed.), Southern Min
dialect—Studies of Zhangzhou variety (I& /i /7 & — &M & 5T, pp. 78-108). Beijing:
Zhongguo Wenlian Chubanshe (H [ SCEk H Rict).

Ma, C. (2002). Origins and evolutions of Fujian and Taiwan dialects (/% & 77 & K77 -5 48
45). Fuzhou, China: Fujian Renmin Chubanshe (&% A & H ).

Ma, C. (2008). A comparative study of rhyming dictionaries of Fujian and Taiwan dialects [ £
) B 7 5 1 )55 R LLEE 7L, Journal of Fujian Taiwan Cultural Research ([ 4 3¢
LB %), 4, 103-116.

248



Ma, C. (2013). A comparative study of the phonological systems in four rhyming dictionaries of
Zhangzhou variety in Fujian and Taiwan ([ & M [l 1U# B3 R LB -G 675
MR (RNCEE Y)Y & &2 M4)R). Fujian-Taiwan Culture Research (/45 X
).

Maddieson, 1. (1990). The transcription of tone in the IPA. Journal of the International
Phonetic Association, 20, 28-32.

Maddieson, 1. (2013). Tone. In M. S. Dryer, & M. Haspelmath, The world atlas of language
structures online. Leipzig: Max Planck Institute for Evolutionary Anthropology.
Retrieved 05 01, 2017, from http://wals.info/chapter/13

Maeda, 1. (1976). A characterisation of American English intonation. Cambridge, MA: MIT
Press.

Maran, L. (1971). Burmese and Jinghpaw: A study of tonal linguistic processes. Occasional
Papers of the Wolfenden Society on Tibeto-Burman Linguistics, IV.

Massaro, D. W., & Cohen, M. M. (1976). The contribution of fundamental frequency and voice
onset time to the /zi/ - /si/distinction. The Journal of the Acoustical Society of America, 60,
704-717.

MccCarthy, J. J. (1988). Feature geometry and dependency: A review. Phonetica, 45(2-4), 84-
108.

Medhurst, W. H. (1838). A dictionary of the Hok-kéen dialect of the Chinese language,
according to the reading and colloquial idioms, Zhangpu (4% /7 = 7 ). Macao,
China: Honorable East India Company’s Press.

Mortensen, D. (2002). Semper infidelis: Theoretical dimensions of tone sandhi chains in
Jingpho and A-Hmao. Unpublished manuscript, University of California, Berkeley.

Mortensen, D. R. (2013). Tonally conditioned vowel raising in Shuijingping. Journal of East
Asian Linguististics, 22, 189-216.

Myers, J., & Tsay, J. (2003). A formal funcitonal model of tone. Language and Linguistics, 4,
105-138.

Odden, D. (2011). Features impinging on tone. In J. A. Goldsmith, E. Hume, & L. Wetzels
(Eds.), Tones and features. Phonetic and phonological perspectives (pp. 81-107).
Berlin, Germnay: De Gruyter Mouton.

Ohala, J. J. (1978). Producition of tone. In V. A. Fromkin (Ed.), Tone: A linguistic survey (pp.
5-32). New York, NY: Academic Press.

Ohala, J. J. (2010). The relation between phonetics and phonology. In W. J. Hardcastle, J.
Laver, & F. E. Gibbon (Eds.), The handbook of phonetic sciences (2nd ed., pp. 653-
677). Hoboken, NJ: Wiley-Blackwell.

Ohala, J. J., & Ewan, W. G. (1972). Speed of pitch change. Journal of the Acoustical Society of
America, 53, 345.

Pan, H.-h. (2005). Voice quality of falling tones in Taiwan Min. Proceedings of Interspeech
2005, Lisbon, Portugal, pp. 1401-1404.

Paterson 111, H. J. (2015). Phonetic transcription of tone in the IPA. Americas, 11, 38.

249



Pierrehumbert, J. (1989). A preliminary study of consequences of intonation for the voice
source. Stockholm, Sweden: Royal Institute of Technology, Speech Transmission
Laboratory.

Pike, K. L. (1947). Phonemics. Ann Arbor: University of Michigan Press.

Pike, K. L. (1948). Tone languages. A technique for determining the number and type of pitch
contrasts in language, with studies in tonemic substitution and fusion. Ann Arbor:
University of Michigan Press.

Ping, J.-K. (1995). Fuzhou tone-vowel interaction. Unpublished manuscripts, University of
British Columbia, 89-113.

Rasinger, S. M. (2013). Quantitative research in linguistics: An introduction. London, England:
Bloomsbury.

Ratliff, M. (2015). Tonoexodus, tonogenesis, and tone change. In P. Honeybone, & J. Salmons
(Eds.), The Oxford handbook of historical phonology (pp. 245-261). Oxford, England:
Oxford University Press.

Reetz, H., & Jongman, A. (2009). Phonetics: Transcription, production, acoustics, and
perception. Hoboken, NJ: Wiley-Blackwell.

Rose, P. (1982). Acoustic characteristics of the Shanghai-Zhenhai syllable-types. In D. Bradley
(Ed.), Papers in South-East Asian linguistics, No.8: Tonation (pp. 1-53). Canberra,
Australia: Pacific Linguistics.

Rose, P. (1986). The normalization of tone. Proceedings of the First Australian Conference on
Speech Science and Technology, Canberra (pp. 130-135).

Rose, P. (1987). Considerations in the normalisation of the fundamental frequency of linguistic
tone. Speech Communication, 6 (4), 343-352.

Rose, P. (1988). On the non-equivalence of fundamental frequency and pitch in tonal
description. In D. H. Bradley, & M. Mazaudon (Eds.), Proceedings of Prosodic
Analysis and Asian Linguistics: to Honour R.K.Sprigg (pp. 55-82).Canberra, Australia:
Pacific Linguistics.

Rose, P. (1990). Linguistic phonetic aspects of Shanghai tonal acoustics. In R. Seidl (Ed.),
Proceedings of the 3rd Australian International Conference on Speech Science and
Technology (pp. 388-393). Melbourne, Australia: Australian Speech Science and
Technology Association.

Rose, P. (1993). A linguistic phonetic acoustic analysis of Shanghai tones. Australian Journal of
Linguistics,13, 185-219.

Rose, P. (1994). Wenzhou tonal acoustic-depressor and register effects in Chinese tonology. In
R. Togneri (Ed.), Proceeding of the 5th Australian International Conference on Speech
Science and Technology (pp. 138-142). Perth, Australia: Australian Speech Science and
Technology Association.

Rose, P. (1995). Acoustic analysis of disyllabic lexical tone sandhi in Zhenhai dialect (&
FRERAIT T - SRR DT 5 8 B AR S R A A B 5 B0 HT). In E. Zee (Ed.), Studies
of the Wu Dialects S=3EH 5T (pp. 239-260). New Asia Academic Bulletin 1. Chinese
University of Hong Kong.

Rose, P. (1996). Between- and within-speaker variation in the fundamental frequency of
Cantonese citation tones. In P. Davis, & N. Fletcher (Eds.), Vocal fold physiology:

250



Controlling complexity and chaos (pp. 307-324). Brighton, United Kingdom: Singular
Press.

Rose, P. (2000). Hongkong Cantonese citation tones acoustics: a linguistic tonetic survey. In M.
Barlow (Ed.), Proceedings of the 8th Australian International Speech Science and
Technology Conference (pp. 198-203). Canberra: Australian Speech Science and
Technology Association.

Rose, P. (2004). "Defying Explanation"? Accounting for Tones in Wenzhou dialect disyllabic
lexical tone sandhi. In S. Cassidy (Ed.), Proceedings of the 10th Australian
International Conference on Speech Science and Technology, (pp. 237-242). Canberra:
Australian Speech Science and Technology Association.

Rose, P. (2011). Reverse-engineering tones and tone sandhi in Wenzhou dialect: Between-
speaker differences and historical development (i3 i 138 iR 77 5 58 5 RN S 55
I\ 72 S BRLJFE 5 8% 2). International Bulletin of Chinese Linguistics, 5, 29-48.

Rose, P. (2014). Transcribing tone—A likelihood-based quantitative evaluation of Chao’ s tone
letters. Proceedings of Interspeech 2014, (pp. 101-105). Singapore.

Rose, P. (2016). Comparing normalisation stratagies for citation tone FO in three Chinese
dialects. In C. Carignan & M. D. Tyler (Eds.), Proceedings of the 16th Australasian
International Conference on Speech Science and Technology, (pp. 221-224). Sydney:
Australian Speech Science and Technology Association.

Rose, P. (2016). Complexities of tonal realisation in a right-dominant Chinese Wu dialect—
Disyllabic tone sandhi in a speaker from Wencheng. Journal of the South East Asian
Linguistics Society, 9, 48-80.

Sagart, L. (1998). The origin of Chinese tones. International Symposiumon on "Tonal
Languages in the World" (pp. 91-104). Tokyo, Japan: Institute for the Study of
Languages and Cultures of Asia and Africa.

Samarin, W. J. (1967). Field linguistics: A guide to linguistic field work. New York, NY: Holt,
Rinehart & Winston.

Schlegel, G. (1886). Nederlansch-Chineesch-Woordenboek met de Trascriptie der Chineesche
Karakters in het Tsiang-Tsiu Dialekt (7772 X 7525 2. Leiden, The Netherlands: E.J.
Brill.

Scholz, F., & Chen, Y. (2014). The independent effects of prosodic structure and information
status on tonal coarticulation: Evidence from Wenzhou Chinese. In J. Caspers., Y.
Chen., W. Heeren., J. Pacilly., N. Schiller & E. van Zanten (Eds). Above and Beyond
the Segments: Experimental Linguistics and Phonetics (pp. 275-287). Amsterdam,
Netherland: John Benjamins Publishing Company.

Schuh, R. G. (1978). Tone rules. In V. A. Fromkin (Ed.), Tone: A linguistic survey (pp. 221-
256). New York, NY: Academic Press.

Scobbie, J. M. (2007). Interface and overlap in phonetics and phonology. In G. Ramchand & C.
Reiss (Eds.), The Oxford Handbook of Linguistic Interfaces. Oxford, England: Oxford
University Press

Shen, R., & Rose, P. (2016). Preservation of tone in right-dominant tone sandhi: A fragment of
disyllabic tone sandhi in Maodian Wu Chinese. In C. Carignan & M. D. Tyler (Eds.),
Proceedings of the 16th Australasian International Conference on Speech Science and

251



Technology, (pp. 345-348). Sydney: Australian Speech Science and Technology
Association.

Shi, F. (1986). Tonal studies of disyllabic words in Tianjin dialect (K275 5 XU 2H 7 1 73 #7).
Studies in Languages and Linguistics 2% 5777, X, 77-90.

Shih, C.-L. (1986). The prosodic domain of tone sandhi in Chinese (Doctoral dissertation,
University of California at San Diego). Retrieved from
https://www.researchgate.net/publication/36071823 The_Prosodic_Domain_of Tone_
Sandhi_in_Chinese

Steed, W. J. (2011). Lishui Wu tone and tone sandhi—An acoustically-based description
(Doctoral dissertation: Australian National University). Retrieved from
http://library.anu.edu.au/record=b2569834

Stevens, K. (1977). Physics of laryngeal behavior and larynx modes. Phonetica, 34, 264-279.

Stevens, K. N., & Klatt, D. H. (1974). Role of formant transitions in the voiced - voiceless
distinction for stops. Journal of the Acoustical Society of America, 55, 653-659.

Styler, W. (2013). Using Praat for linguistic research. Boulder: University of Colorado at
Boulder Phonetics Lab.

Thomas, G. (2008). An analysis of Xiamen tone circle. Proceedings of the 27th West Coast
Conference on Formal Linguistics (pp. 422-430). Cascadilla Proceedings Project.

Thurgood, G. (2002). Vietnamese and tonogenesis: Revising the model and the analysis.
Diachronica, Graham; 19, 333-363.

Thurgood, G. (2000). Voice quality differences and the origin of diphthongs. Annual Meeting of
the Berkeley Linguistics Society, 26, pp. 295-303.

Tsay, J. (1991). Tone alternation in Taiwanese. In J. Ann & K. Yoshimura (Eds.), Arizona
Phonology Conference, 4, pp. 76-87.

Tsay, J. (1994). Phonological pitch. (Doctoral dissertation, University of Arizona). Retrieved
from http://arizona.openrepository.com/arizona/handle/10150/186900

Tsay, J. (1999). Bootstrapping into Taiwanese tone sandhi. Chinese Languages and Linguistics
V, Symposium Series of the Institute of History and Philology (pp. 311-333).

Tsay, J., & Myers, J. (1996). Taiwanese tone sandhi as allomorph selection. Proceedings of the
Twenty-Second Annual Meeting of the Berkeley Linguistic Society: General Session and
Parasession on the Role of Learnability in Grammatical Theory, 22, pp. 395-405.

Wang, S. (1992). An experimental study on the productivity of Taiwanese tone sandhi. Sea,
21(1), 116-129.

Wang, W. S.-Y. (1967). Phonological features of tone. International Journal of American
Linguistics, 33, 93-105.

Wedekind, K. (1983). A six-tone language in Ethiopia: Tonal analysis of Ben¢* non*. Journal of
Ethiopian Studies, 16, 129-156.

Whalen, D., & Levitt, A. G. (1995). The universality of intrinsic FO of vowels. Journal of
Phonetics, 23, 349-366.

Woo, N. (1969). Prosody and phonology (Doctoral dissertation, Massachusetts Institute of
Technology). Retrieved from https://dspace.mit.edu/handle/1721.1/14708

252



Woodrow, L. (2014). Writing about quantitative research in applied linguistics. London,
England: Palgrave Macmillan.

Wright, M. S. (1983). A metrical approach to tone sandhi in Chinese dialects (Doctoral
dissertation, University of Massachusetts Amherst). Retrieved from
http://scholarworks.umass.edu/dissertations/AA18310348

Wu, X. (2012). Southern Min dialect and the great dictionary of Southern Min (& Fg 77 5 Al
(M Fg 77 & A #) ). Cishu Yanjiu (51 7%), 61-66.

Xie, X. (1818). The phonology of common Zhangzhou speech (Huiji yasu tong shiwu yin JZ£E
438+ 1.7%). Shanghai: Shanghai Chinese Classics (Shanghai guji chubanshe I i
RS HRAL).

Xu, C. X., & Xu, Y. (2003). Effects of consonant aspiration on Mandarin tones. Journal of the
International Phonetic Association, 33(02), 165-181.

Xu, Y. (1994). Production and perception of coarticulated tones. The Journal of the Acoustical
Society of America, 95(4), 2240-2253.

Xu, Y. (2006). Tone in connected discourse. Encyclopedia of language and linguistics, 12, 742-
750.

Yang, X. (1999). How to distinguish initial consonants of Middle Chinese based on Zhangzhou
speech (CEAER v M 5% #53 v 7 7 £F). In B. Chen (Ed.), Southern Min dialect—
Studies of Zhangzhou variety ([ /7 & — &M IEHF 5T, pp. 136-143). Beijing, China:
Zhongguo Wenlian Chubanshe (1 [E SC I H filctt).

Yang, X. (2008). Studies of tones and regional cultures of Zhangzhou dialect J& 1 77 & 7 i 5
Hu AL AE 7T, Beijing, China: Zhongguo Shehui Kexue Chubanshe H [ #1227
AL,

Yang, X (2014). Studies of Zhangzhou Yinping tone and its dischronic evolution 7%/ 75 & 1
IR R R AR 55 S AR, Journal of Minnan Normal University, 03, 45-52.

Yin, X. (2009). Acoustic analysis of tonal patterns in Zhangzhou (J& M i 5 V4% /& B 43 47).
Journal of Chifeng University 714225 224k, 30(6), 31-33.

Yip, M. (1980). The tonal phonology of Chinese (Doctoral dissertation, Massachusetts Institute
of Technology). Retrieved from https://dspace.mit.edu/handle/1721.1/15971

Yip, M. (1989). Contour tones. Phonology, 6, 149-174.

Yip, M. (1993). Tonal register in East Asian languages. In K. Snider & H. v. Hulst (Eds.), The
phonology of tone: The representation of tonal register (pp. 245-268). Berlin, Germany:
Walter de Gruyter.

Yip, M. (2002). Tone. Cambridge, England: Cambridge University Press.
Yu, A. C. (2010). Tonal effects on perceived vowel duration. Laboratory Phonology, 151-168.

Yu, K. M., & Lam, H. W. (2014). The role of creaky voice in Cantonese tonal perception.
Journal of the Acoustical Society of America, 16, 1320-1333.

Yuan, J., & Liberman, M. (2010). FO declination in English and Mandarin broadcast news
speech. Eleventh Annual Conference of the International Speech Communication
Association.

253



ZCCEC. (1999). Zhangzhou City Gazette-Dialect Volume &1 17 &-77 5 (Vol. 49). Beijing,
China: Zhongguo Shehui Kexue Chubanshe 1 [ 4+ <35} H ittt

Zee, E. (1978). Duration and intensity as correlates of FO. Journal of Phonetics, 6(3), 221-225.

Zhang, H. (1993). The syntactic condition of Taiwanese tone sandhi. Proceedings of PASFoCol
(1993): Pacific Asia Conference on Formal and Computational Linguistics (pp. 296-
307).

Zhang, J. (2001). The effects of duration and sonority on contour tone distribution—Typological
survey and formal analysis (Doctoral dissertation, University of California: Los
Angeles). Retrieved from
https://linguistics.drupal.ku.edu/sites/linguistics.ku.edu/files/docs/Zhang/zhang-
routledge.pdf

Zhang, J. (2004). Contour tone licensing and contour tone representation. Language and
Linguistics, 5, 925-968.

Zhang, J. (2007). A directional asymmetry in Chinese tone sandhi systems. Journal of East
Asian Linguistics, 16, 259-302.

Zhang, J. (2010). Issues in the analysis of Chinese tone. Language and Linguistics Compass, 4,
1137-1153.

Zhang, J. (2014). Tones, tonal phonology, and tone sandhi. In J. C. Huang, A. Y. Li, & A.
Simpson (Eds.), The handbook of Chinese linguistics (pp. 443-464). Hoboken, NJ:
Wiley-Blackwell.

Zhang, J., Lai, Y., & Sailor, C. (2007). Effects of phonetics and frequency on the productivity of
Taiwanese tone sandhi. The Annual Meeting of the Chicago Linguistic Society, 43, pp.
273-286.

Zhang, J., Lai, Y., & Sailor, C. (2006). Opacity, phonetics, and frequency in Taiwanese tone
sandhi. The Annual Meeting of the Chicago Linguistic Society, 43, pp. 3019-3038.

Zhang, J., & Liu, J. (2011). Tone sandhi and tonal coarticulation in Tianjin Chinese. Phonetica,
68(3), 161-191.

Zhou, C. (2006). The great Southern Min dictionary [# 5 /5 5 A1 #. Fuzhou, China: Fujian
Renmin Chubanshe ## & A R Hi i it

Zhu, X. (2004). FO normalization—How to deal with between-speaker tonal variations (345
— AT {e] b S R O BE AL 2 5). Linguistic Sciences 5 5 £H2#, 3-19.

Zhu, X. (2012). Multiregisters and four levles: A new tonal model. Journal of Chinese
linguistics, 40, 1-17.

254



Appendices

Appendix A: Word Lists

Table Al. Monosyllabic token elicitation

Tone Character Example Gloss

1 F ?il she/he
J) tel knife
%= ?il medical
Rl til sweet
3 kel chicken
Y& til pig
x thil sky
ik kel glue
il khel foot
W sil poet
% ten1 east
i pinl ice
Al swel mountain
M tsjul state
b tsjenl Zhang
Fi sj31 box
i khj31 accent
% tshjel vehicle
X khil district
7 pil side

2 K] to2 image
+ tho2 earth
3 thew?2 head
=+ pg2 flat
iN] Si2 time
48 tshe2 firewood
A du2 cow
7R pg2 flat
% 212 move
it ko2 paste
7S te2 tea
B si2 resign
e te2 hoof
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Tone Character Example Gloss
2 = dem?2 male
=) tej2 station
Mr kje2 bridge
1] bwi2 door
A djon2 dragon
e bun2 text
IG5 ?12 aunt
2] dem?2 south
3 E tsu3 master
5 ?13 chair
N the3 body
gt si3 die
' te3 short
S 613 rice
i ko3 bitter
* khe3 test
Iy ho3 tiger
N be3 buy
573 ko3 drum
EiN ts"j33 grab
I he3 good
2 bwe3 tail
by kin3 view
i hej3 sea
g ke3 grind
1 tsju3 wine
g be3 horse
4 53 tshu4 house
A ko4 report
£ pe4 newspaper
My si4 four
% khe4 guest
=y ?i4 intension
% hi4 drama
#H ked teach
= khi4 gas
-4 se4 snow
A bed meat
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Tone Character Example Gloss

4 Sri tshi4 test
R khe4 class
2 thi4 iron
VAN pe4 eight
% ?end case
EH kwe4 watch
il phwed broken
# kew4 teach
5 =3 su5 affair
K ke5 low
i bes sell
'S 615 flavor
5 zi5 character
= sib yes
Y 215 play
] ho5 rain
s dd5 road
] 6in5 surface
] 615 noodle
Hh te5 land
N twes big
FH, tjen5 electricity
il si5 inspect
i des tough
I ton5 hold
[z ?15 hospitcal
6 Sy kik6 hit
% Kip6 grade
oR hwet6 law
kok6 country
e kik6 excite
) sik6 colour
— ?1k6 one
= Sit6 room
+ tshit6 seven
& kit6 lucky
&t ket6 tie
M Sip6 wet
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Tone Character Example Gloss

6 Je5| kek6 horn
1. ?2ik6 billion
3 kip6 suck
a kut6 bone
ik tshut6 out

7 B hut7 Buddha
Jis sit7 seat
H zit7 day
N Bok7 wood
i tok7 poison
e ?2ik7 bathe
#H zjet7 hot
#h sik7 cooked
+ djok7 jade
5 tit7 straight
N dek7 Six
-+ tsep7 ten

8 5 ?wel alive
F pe8 white
&5 tsi8 tongue
7% ?je8 medicine
I hje8 leaf
Bl dwe8 spicy
ik pe8 thin
72 tsje8 eat
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Table A2. Disyllabic token elicitation

S1 S2 Pattern Character Example Gloss Phrase
1 1 1+1 [ 2 khel.tshjel bicycle NP
il til.ktel pig feet NP
X ) kel.kbel chicken feet NP
38 21 kel black-boned chicken NP
Tl til.siml pig heart NP
Hf& swel.til mountain pig NP
=4 ?il.sipl doctor NP
b= tjogl.?il Chinese medicine NP
X2 kel.hjenl hometown NP
FR tswenl.kel  expert NP
KN kel.kwil family rules NP
TR ?wenl kel enemy, quarrel NP; VP
1 2 1+2 [ Bk khel kju2 football NP
W54 digl.du2 COWS NP
PEDS kel.thew?2 chicken head NP
HA tshe1.te2 raw tea NP
& W til.te2 pig feet NP
FAPN sjel.te2 hot tea NP
BEyy ?i1.djew2 medical treatment NP
+ tswenl.te2 symposium NP
Kt kel .tin2 household NP
FNi] thi1.si2 climatic condition NP
C N kel.den2 family member NP
Y Fsf ten1.si2 at that time AdvP
1 3 1+3 [ khel.thwi3 legs NP
ens) ?01.6¢3 black horse NP
PN kel.be3 hen NP
B penl.be3 zebra NP
MR til.sej3 pig shit NP
ZED/S tshg1.613 uncooked rice NP
= ?i1.pe3 medical insurance NP
KE kel.tsu3 the head of the family NP
KK kel.tj33 parent of a child NP
KN sil.the3 corpse NP
Kk sinl.the3 body NP
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S1 S2 Pattern Character Example Gloss Phrase
1 4 1+4 HHIEN ktel.?in4 footprint NP
57 1 sinl.tshu4 new house NP
HiR sinl.pe4 declare VP
A ik sgl.thi4 raw iron NP
NG kel .tshwi4 chicken mouth NP
% tshg1.khed new guest NP
il til.hi4 pig lung NP
7S khon1.khid gas; atmosphere NP
A til.be4 pork NP
AT 1R thjg1.khed listen to a lecture VP
K kel kew4d family education NP
FKAM: kel.si4 family background NP
SR thon1.pe4 circulate a notice VP
1 5 1+ M khel.pa5 foot step NP
S sul.db5 thinking NP
2 kel.dwib chicken egg NP
NS konl.d>5 public highway NP
YL til.to5 pork belly NP
e tshgl.zi5 unknown character NP
[ & ?i1.hwen5 doctor and patient NP
= B ?11.715 hospital NP
O siml.sub thoughts in heart NP
KL% kel.bus housework NP
KAl t"i1.te5 heven and earth; universe NP
KN kel.dej5 inside the family NP
oAb kenl.te5 construction site NP
1 6 1+6 A khel.kut6 foot bone NP
X kel.kek6 rooster NP
=54 kewl.kek6  crossing angle NP
25 1 ?11.tik6 medical ethics NP
Kk kel.hwet6  family law NP
Hh tshg1.sik6 green colour NP
Kz kel .sit6 spouse NP
H tjon1.kok6 China NP
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S1 S2 Pattern Character Example Gloss Phrase
1 7 147 ik khel.sjet7 beriberi NP
= H kwil.zit7 all day long AdvP
X 38 kel.sit7 chicken wings NP
JiE 1B tiewl.hut7  carve a Buddha VP
A ?i1.sut7 medical skill NP
K kel.tsot7 family clan NP
HS tsinl.sit7 truthful AP
E kel.sjok7 family dependent NP
{1 sinl.tit7 unbend,; straighten VP
1 8 148 | dinl.pe8 milk white AP
M til.tsi8 pig tongue NP
Ty tjonl.?je8 Chinese medicine NP
2 1 2+1 I pE2 khel flat feet NP
L0 du2.digl cow milk NP
3G zjon2 kel fluffy chicken NP
4=7) du2.tel cattle knife NP
SN he2.til porcupine NP
AL te2.hwel camellia NP
s 6j82.?il famous doctor NP
FEN te2.kenl topic outline NP
LR thew?2.kel head of a family NP
) [H) si2 kenl time NP
B tsje2.kel get married (set up a family) VP
s} 4 si2.tsinl time clock NP
2 2 242 3k du2.threw2 cattle head NP
o hwi2.du2 yellow cattle NP
4 du2.phwe2 cattle hide NP
AP Pen2.te2 black tea NP
FRE te2.dew?2 tea house NP
e/ hje2.te2 boil water VP
A te2.tsej2 theme NP
i J5 den2.te2 difficult question NP
A 40 si2.ki2 time interval NP
Il Bf dim2.si2 temporary AdvP
BT si2.kjg2 popular AP
[ii] st ton?2.si2 at the same time NP

261



S1 S2 Pattern Character Example Gloss Phrase
2 2 243 4L ten2.6e3 copper horse NP
I du2.sej3 bull shit NP
I 5 khje2.6e3 ride a horse VP
sk te2.613 tea rice (dried tea leaves) NP
71K hen?2.6i3 red rice NP
U te2.hej3 guestion sea NP
Wt tsej2.tsu3 money owner (rich man) NP
i e si2.bwe3 end of a period NP
[RP=1 si2.tjem3 time point NP
EIfZN thwen2.te3  group NP
2 4 2+4 LI du2.ts"wi4  cattle mouth NP
+ RE tho2.tshud mud house NP
gk ten2.thi4 copper and iron NP
45 du2.khi4 cattle breath NP
A& den2.khed human guest NP
N te2.tjem4 tea store NP
it dwen2 k"4  vitality NP
A du2.6e4 cattle meat; beef NP
A te2.k"o4 question bank NP
PER phin2.khe4  assess a lecture VP
NP7 si2.thej4 tense and aspect NP
[ hwe2.pe4 pay back; reciprocate VP
At i si2.tun4 meal time NP
2 5 245 4 it du2.to5 cattle belly NP
W)= bwi2.d>5 door and road (social connection) NP
ol du2.tshis cattle market NP
Sy thew2.dd5 living method NP
PAY ] te2.tshjus tea tree NP
s bun2.zi5 Chinese character NP
iy te2.zi5 inscription; inscribe a word NP; VP
[m] H5 ton2.su5 colleague NP
i) si2.tsun5 time period NP
HH then2.te5 field NP
AR si2.dej5 era NP
A 1 don?2.te5 farm land NP
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S1 S2 Pattern Character Example Gloss Phrase

2 6 2+6 44 du2 kek6 cattle horn NP
P/ ) te2.sik6 tea colour NP
B te2.kik6 inscription NP
W djon2.kut6 dragon bone; spine bone NP
A si2.sjot6 hourly speed NP
i den2.sik6 colour NP
iyl si2.khik6 moment NP
% tswen2.kok6 whole country NP

2 7 2+7 S H thew?2.zit7 the first day NP
LEPS du2.tsep7 cattle offal NP
I sin2.hut7 become a Buddha VP
& H te2.6ek7 topic NP
ey si2.sit7 special food for a particular time NP
Hosz ki2.sit7 in fact AdvP
i H si2.zit7 time and day NP
H|E swe2.tit7 perpendicular; plumb AP; VP

2 8 248 EE du2.tsi8 cattle tongue NP
af sun2.pe8 pure white AP
Z5 te2.hje8 tea leaves NP
K% don2.?je8 farm chemicals; pesticide NP

3 1 3+1 gl dwi3.ktel weak feet (paralysis) NP
% be3.tshjel horse carriage NP
KA hwe3.kel turkey NP
L 6e3.krel horse feet NP
LS ?je3.til wild pig NP
KkE 6i3.kel rice cake NP
Tk tsu3.tj51 propose; proposition NP/VP
2K tso3.kel ancestral home NP
N the3.thewl gymnastics NP
PR tsju3.kel restaurant NP
(ZSI the3.2unl body temperature NP
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S1 S2 Pattern Character Example Gloss Phrase

3 2 3+2 KA tswi3.du2 water buffalo NP
3L be3.thew?2 horse head NP
HLE tse3.te2 morning tea NP
LR be3.te2 horse feet NP
NEPS phin3.te2 taste tea VP
KR 6i3.ko2 rice paste NP
eyl khe3.te2 examination question NP
EA tsu3.den?2 main people (host) NP
HERF tsun3.si2 on time AdvP
NT= the3.din2 physical fitness NP
ANR) sje3.si2 hour NP
NIt the3.hin2 body figure NP

3 3 343 ok 6e3.6we3 horse tail NP
L pe3.6e3 precious horse; BMW NP
bR 6e3.s8j3 horse shit NP
Y hej3.6e3 sea horse NP
KWy 6i3.hun3 rice noodle NP
il ok ke3.6i3 mill rice VP
T tsu3.kwen3  be in charge of/ person in charge ~ VP/NP
SEE be3.tsu3 buyer NP
RE& the3.pje3 body surface NP
SR he3.the3 good manner AP
N the3.kjem3 physical examination NP
7NN pej3.the3 bad manner AP
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S1 S2 Pattern Character Example Gloss Phrase
3 4 3+4 Ik be3.hi4 horse drama; circus NP
A be3.6e4 horse meat NP
il JE tso3.tshud ancestor’s house NP
Ik he3.t"i4 good iron NP
LG be3.tstwid horse mouth NP
% he3.khed good customet NP
K 6i3.tjem4 rice shop NP
HA ?jen3.k"i4 oxygen NP
A hun3.6e4 tender meat NP
T2 tsu3.?jew4  principal AP
PR kon3.khe4  deliver a lecture VP
N the3.tsi4 system of organisation NP
254 ki3.pe4 tip off VP
IRFS the3.thej4 posture NP
Lk kin3.pe4 alarm NP;VP
3 5 345 % 6e3.dd5 horse way (road) NP
P % tsew3.dd5 run on the road (flee) NP
o5 6e3.po5 horse step NP
KA 6i3.pwib rice meal NP
Y sje3.zi5 write characters; write NP
N tsu3.zim5 director NP
A pun3.su5 ability NP
(NEES the3.ten5 body weight NP
+-Hb tho3.te5 earth and land; territory NP
(N7 the3.djen5 understand VP
LN tshew3.te5 grassland NP
3 6 3+6 g be3 kut6 horse bone NP
T A tin3.kek6 upper corner NP
K, 6i3.sik6 rice colour NP
T tsu3.kek6 leading actor NP
ke se3.kutb collarbone NP
NI the3.thjep6 considerate AP
¥ tshej3.sik6  multicolour NP
N the3.tsit6 physique NP
jifl [ tso3.kok6 native country NP
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S1 S2 Pattern Character Example Gloss Phrase
3 7 3+7 R 6e3.sut7 horse skill (horsemanship) NP
H bwe3.zit7 every day NP
Kol 6i3.djep7 rice industry NP
AL de3.hut7 worship buddha VP
T tsu3.sit7 chairman NP
Ny the3.dwt7 physical strength NP
R dew3.sit7 honest AP
=l the3.?j0k7 physical education NP
+1E tho3.tit7 blunt AP
3 8 348 o be3.tsi8 horse tongue NP
S| 6i3.pe8 rice white AP
LR ts"ew3.?je8  herb medicine NP
4 1 4+1 T kho4 kel trouser legs NP
il tshjed khel bare feet NP
J&i4 tshu4.pil house side; nearby the house NP
Bk thid. tin1 iron nail NP
O swid.kel free-range chicken NP
AEL] bed kel chicken NP
% khe4.thjgl guest hall NP
s sed.til little pig NP
WG bed.til pig NP
S khi4.2unl temperature NP
kit be4.kinl pork tendon NP
B sju4.?il animous doctor NP
K= thej4.?11 imperial doctor NP
R[E] khe4 kenl course break NP
B 2% ko4 kel look after family; family-oriented NP
R pe4.sjewl reimburse VP
5 kjen4 kel set up a family VP
{9 pe4.2inl pay a debt of gratitude VP
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S1 S2 Pattern Character Example Gloss Phrase

4 2 442 E kwe4.du2 pasture cattle VP
g thi4.du2 iron cattle NP
JE& wii tshu4.tsin2 in front of house NP
217 thi4.bwi2 iron gate NP
AR swe4.te2 tea in bulk NP
95z khe4.pen2 guest room NP
NERAY phew4.te2 make tea VP
v khid.pen2 gas cylinder NP
A 7 bed.phwe2 pig skin NP
T khe4.te2 project topic NP
B khe4.6un2 lessen text NP
puRin) kwed.si2 outdate AP
% po4.6je2 register; sign up VP
FRISY 2en4.si2 on time AdvP
A ped.sju2 revenge VP

4 3 443 1% 5 tsjend.be3 battle horse NP
JE T tshud.tin3 house roof NP
A thi4.then3 iron barrel NP
FY kwe4.6¢3 pasture horse VP
%1 khed.tsjew3  guest bird NP
it oK tshe4.6i3 brown rice NP
ok tshje4.6i3 red rice NP
K kPi4.kwi3 trachea NP
AREN bed.the3 flesh body NP
J& 3 tshud.tsu3 house owner NP
A khe4.pun3 text book NP
ETIREN kbond.the3 antibody NP
4t pe4.tswe3 newspaper NP
[#H] {4 ko4.the3 solid body; solid NP
k%= ped.k"e3 register for examination VP

267



S1 S2 Pattern Character Example Gloss Phrase

4 4 4+4 JE 4 tshud.ked house sketch NP
Ji 3 tshud khe4 house deeds NP
at kjend.tsu4  build a house VP
e thje4.tshud dismantle a house VP
N5 thi4.swed iron wire NP
PRk hwi4.thi4 abandoned iron NP
& khe4 tod guest table NP
Jii - ko4 khe4 customer NP
SR khi4.phej4 imposing style NP
%5 khe4 khi4 courteous AP
ESRY be4.ten4 meat jelly NP
fifs 1A tshod.bed sweet and sour pork NP
IRA ts"je4.6e4 lean meat NP
W kho4 kwid text paper NP
it w4 khod evening class NP
Rk po4 ked report NP;VP
AR kid.pe4 appear in the newspaper VP
e ped.2end report a case VP
i khwej4.ped  bulletin NP

4 5 445 J& B tshud.hje5 house tile NP
Jugizd kwed.d>5 pass by VP
B thid.d»5 railway NP
&= khe4 ho5 customer NP
aays pwed.dd5 halfway NP
Sk kbi4.615 odor NP
W hen4.zi5 Chinese character NP
I\ pe4.zi5 horoscope NP
Wb khed.dwe5 extracurricular NP
e ko4.su5 story NP
il pe4.te5 news report; report NP;VP
P sin4.te5 personality NP
e pe4.605 announce (a program) NP;VP
75 1 khen4.teb vacant land NP
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S1 S2 Pattern Character Example Gloss Phrase
4 6 446 J& 4 ts"ud.kek6 house corner NP
SN khi4.sik6 complexion NP
PE thi4.pit6 iron pen; pen NP
s khed.sit6 class room NP
e dew4 kut6 bone dislocation NP
A be4 kut6 pork bone NP
W& po4.tep6 reciprocate VP
e pe4.kok6 serve the country VP
2 4Es| kjend.kok6  build a country VP
4 7 4+7 A H bwe4.zit7 half a day NP
i khed . sit7 guest seat NP
W) khi4.dit7 power NP
A be4.sit7 pork food NP
FEk pej4.hut7 worship Buddha VP
Bl khod.djep7  coursework NP
wE ped.hok7 revenge VP
F 5K tsin4.sit7 confirm VP
ol ped.djep7 newspaper industry VP
1EE tsje4.tit7 upright AP
4 8 448 B thi4.tsje8 ironstone NP
A phjed.pes whiten VP
=] thjed.pe8 straightforward VP
J& = tshud.thed house NP
i 24 tse4.?jo8 medical use VP
5 1 5+1 =gl Pew5 kel rear feet NP
AT dd5.tinl road lamp NP
Kz 3 ke5 kel gamecock NP
2 Svi] dd5.pil road side NP
By tshi5.til feed pig VP
S zi5.2im1 character pronunciation NP
K= hew5.?il school doctor NP
= su5.sjenl beforehand AdvP
KHK tweS.kel mother in law NP
il te5.honl area NP
PEER te5.kel Daoism NP
HoIE teb.kil foundation NP
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S1 S2 Pattern Character Example Gloss Phrase

5 2 5+2 Ff tshi5.du2 feed cattle VP
Sk do5.thew?2 beginning of a road NP
P ?jon5.te2 have tea VP
s dd5.t02 journey NP
(A kjon5.te2 serve tea (to deities) VP
“F-A] zi5.su2 character and word NP
7] e bwib.te2 question NP
] sub.tsin2 before the event AdvP
RSk PWi5.si2 meal time NP
HiBR te5.kju2 Earth NP
i) do5.si2 Five o’clock (a special time on NP

dragon boat day)

b & te5.t02 map NP

5 3 543 74 tshi5.6e3 pasture a horse VP
% e dd5.6we3 end of a road NP
Ap I tse5.6¢e3 ride a horse VP
iz dd5.kin3 railway police NP
Kok twe5.6i3 rice NP
7 zi5.tjem3 dictionary NP
A te5.tsu3 land owner NP
I su5.di3 affair NP
FAK zi5.the3 style of calligraphy NP
Hb B te5.di3 geography NP
HAK ki5.the3 specific; concrete AP
Hh = teb5.tsin3 earthquake NP
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S1 S2 Pattern Character Example Gloss Phrase
5 4 5+4 IH ko3.tshud old house NP
2857 dd5.swed routine NP
Hh gk te5.thi4 subway NP
4 hwi5.khed guest from afar NP
% do5.hwi4 travelling expenses NP
iz ?un5 .khi4 luckiness NP
7R zi5 ko4 character bank NP
SEA be5.6e4 sell meat VP
EiR tsj35.kho4 attend a lecture VP
Hl su5.ko4 event NP
E B su5.tsjed deeds NP
TR hwe5.pe4 report VP
Ho A te5.swe4 land tax NP
H R tjen5.pe4 telegraph NP
Hipy te5.ked land price NP
5 5 545 B dd5.twib one part of a road NP
I % sun5.d>5 on the way VP
6 A d55.6in5 road surface NP
e tjen5.d>5 electric circuit NP
T H| zi5.2we5 calligraphy and painting NP
%4t djen5.zi5 practice (writing) character VP
S sus.?ew5 after the event AdvP
gy kjon5.su5 work together VP
Ho {1 te5.ton5 burrow NP
N Hb dej5.te5 inland NP
Hifsr te5.?wi5 social status NP
VAwii des.te5 other places NP
5 6 5+6 ] dd5.tset6 one part of a road NP
B 1E d>5.sjet6 roadside inn NP
A ?¢5.kek6 lower corner NP
Sl Zi5.thjep6 calligraphy copybook NP
KE dwe5 .kut6 big bone NP
7T te5.khek6 Earth crust NP
A €5, 6in5.sik6 facial expression NP
HB R te5.tsit6 geology NP
VANES dwe5.kok6  foreign country NP
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S1 S2 Pattern Character Example Gloss Phrase
5 7 5+7 Ja H Yews.zit7 the day after NP
4 J5y dd5 kjot7 railway administration NP
7 H zi5.6ek7 character entry NP
ol djem5.hut7  pray to Buddha VP
™ sub.sit7 truth NP
HBR te5.dek7 hell NP
b #A te5.zjet7 geothermal NP
fifi & geb.tit7 loyal and honest AP
5 8 548 2 %73] d>5.?j08 roadside medicine NP
FH dwis.pe8 albumen; egg white NP
H#j ?jon5.?2je8 take medicine VP
6 1 6+1 )1 kek6.kwel  horned melon NP
wE hwet6.?i1 forensic doctor NP
=i kut6.kel bone glue NP
R tshut6.kel to be a monk VP
L siko.tshel colour difference NP
EEP kok6.kel nation; country NP
6 2 6+2 P siké6.te2 colourful tea; flavoured tea NP
13k kek6.trew2  corner (place) NP
T2 sip6.te2 soak tea VP
H tshut6.te2 assign a question VP
3k kut6.thew?2 bone NP
g Kip6.si2 in time AdvP
En=] sik6.6012 colour blindness NP
At kit6.si2 lucky time NP
JiE kok6.ki2 national flag NP
6 3 6+3 AN pet6.6€3 Eight Horse NP
4 tik6.6€3 bamboo horse NP
£ L kek6.6¢3 horned horse NP
KF Sip6.tsu3 owner of lost property NP
i kut6.ts"we3  bone marrow NP
ESE7N kok6.the3 national prestige NP
SV sik6.tswi3  colour NP
& = kok6.sen3 domestically-made AP
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S1 S2 Pattern Character Example Gloss Phrase
6 4 6+4 UEER khip6.thi4 magnet iron NP
5K sep6.khe4 needy customer NP
APy kek6.si4 forty cents NP
14k kek6.thi4 horned iron NP
= hok6.khi4 good fortune NP
R kwet6.khe4  absence from class VP
T kut6.ked bone sketch NP
PR 20k6.ped retribution for evildoing NP
Bk sik6.s04 pigment NP
iR hok6.pe4 reward NP
IR kok6.khin4  national celebration NP
6 5 6+5 H tshut6.do5 outlet NP
R kek6.t05 angle NP
E5E=8 kok6.su5 national affair NP
B kut6.dd>5 bone way NP
it b2 hok6.te5 lucky place NP
(AT sik6.tjew5 tonality NP
T A sip6.te5 wetland NP
6 6 6+6 A kbwet6.kek6  notch NP/VP
Y kut6.tset6 bone joint NP
g sik6.pit6 colourful pen NP
(o, tshut6.sik6 outstanding AP
ESPFS kok6.hwet6  national law NP
H tshut6.kok6  go aboard VP
6 7 6+7 i H tshut6.zit7 sun comes out VP
ik tshit6.hut7 Seven Buddha NP
=@l kut6.det7 bone power NP
Pk sik6.tit7 colour and lustre NP
fifgsi kbek6.sit7 indeed AdvP
gEsp kjet6.sit7 durable NP
fs kok6.tsit7 nationality NP
£ pit6.tit7 straight as a pen AP
6 8 6+8 A keko.tsje8 horned stone NP
[E 24 kok6.?je8 national medicine NP
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S1 S2 Pattern Character Example Gloss Phrase

7 1 7+1 ES3iil pek7.k"el bind feet VP
H 8] zit7 kenl daily time NP
B B hut7.tsul Buddha beads NP
2% hek7.?i1 study medicine VP
KR hut7.kel Buddhist NP
S0 sit7.siml solid NP
5K sjok7.kel secular home NP
[ERLE tit7.tshjon 1 rush ahead VP

7 2 T+2 “i pek7.du2 bind cattle VP
H =k zit7 thew?2 sun NP
R Sik7.te2 fermented tea NP
LELS dik7.te2 green tea NP
BT hut7.6wi2 Buddha entrance (Buddhism) NP
) e pet7.te2 another question NP
H By Zit7.si2 daily time NP
SR sit7.kwen2  real power NP
— tsit7.si2 temporarily AdvP
[ERH tit7.hen2 direct flight NP

7 3 743 H- zit7.tsi3 day NP
KL 6ok7.6€3 wooden horse NP
[TPS tsut7.6i3 sticky rice NP
it hut7.ts03 Buddha NP
N/E= djep7.tsu3 proprietor NP
BVAN dit7.the3 stereoscopic NP; AP
Sk sit7.tsjen3 practice NP; VP
IR tsip7.the3 collective group NP
[ERiEG tit7.kwen3 in direct charge of VP

7 4 T+4 AJE& zip7.tshud move to a new house VP
Hid zit7.ki4 diary NP
K sik7 khed familiar customer NP
Fvial tok7.k"i4 toxic gas NP
GEE hut7.kew4 Buddhism NP
H ik zit7.pe4 daily newspaper NP
K pR sit7.tsed actual NP
R bit7.pe4 secret report NP
[ER57 tit7.swe4 straight line NP
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S1 S2 Pattern Character Example Gloss Phrase
7 5 T7+5 H H zit7.?2jon5 daily-use NP
2K tswet7.dd5 blind alley NP
e pet7.zi5 another character NP
G hut7.tshjenS  Buddha statue NP
i, hut7.su5 Buddhist service NP
2R b dik7.te5 green land NP
SEAE sit7.tsej5 honestly AdvP
24 1 tsep7.te5 miscellaneous land NP
E % tit7.he5 direct line NP
7 6 T7+6 H zit7.tshut6 sunrise NP
[EWEE! tit7.kek6 right angle NP
By hut7.hwet6  Buddha doctrine NP
i hut7 kut6 Buddha bone NP
S Sit7.tsit6 substance NP
i hut7.kok6 Buddha country NP
[ERES tit7.tsjep6 immediate AP
7 7 T+7 H i zit7.dit7 solar calendar NP
= pet7.zit7 another day NP
Giyal hut7.dit7 Buddha calendar NP
Rl djok7.hut7 jade Buddha NP
s sit7.dik7 actual strength NP
AT dok7.sit7 implement VP
[ERES tit7 tet7 nonstop AP
7 8 748 = dik7.pe8 green in white VP
] tok7.?je8 toxicant NP
8 1 8+1 EpL pe8.kel white chicken NP
14 pe8.kim1 white gold NP
W5 % wes.til live pig NP
nHE ?je8.kel ointment NP
8 2 8+2 PR pe8.din2 white silver NP
ikt ?je8.tsej2 medicinal material NP
8 3 8+3 EE=7 pe8.6e3 white horse NP
E=p pe8.hun3 white power NP
245104 ?je8.tsju3 medical wine NP

275



S1 S2 Pattern Character Example Gloss Phrase
8 4 8+4 14k pe8.thi4 white iron NP
F1 4 pe8.tho4 white rabbit NP
& A de8.6e4 preserved meat NP
i do8.khe4 finish class VP
25 ?je8.hwi4 medical expense NP
8 5 8+5 e tsjo8.d>5 rocky road NP
F11E pe8.?we5 empty promise NP
Y ?je8.djens medical dosage NP
8 6 8+6 =] pe8.sik6 white colour AP
2 ?je8.thjep6  medical sticker NP
SHES) pe8.sik6 white AP
8 7 8+7 A pe8.tit7 straightforward NP
8 8 8+8 Wy ?j08.6we8 medicine/drug NP
== pe8.pe8 white AP
ek Ve pe8.pe8 thin AP
BBk dwe8.dwe8  spicy AP
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Citation Tones

Appendix B: Normalised and Statistical Data

Table B1. Normalised FO values of Zhangzhou citation tones across 10 sampling points

Tone FO0.10 FO0.20 F0.30 FO0.40 FO0.50 FO0.60 FO.70 F0.80 F0.90 FO0.100
1 0.03 -0.03 002 015 033 056 0.82 1.09 131 1.47
2 -043 -058 -0.70 -0.78 -0.82 -0.83 -083 -082 -080 -0.79
3 210 210 1.98 1.73 133 087 032 -024 -076 -122
4 08 067 047 025 -001 -0.28 -0.58 -0.90 -1.20 -1.44
5 038 03 032 029 025 022 020 019 019 019
6 105 091 075 05 032 010 -015 -043 -075 -101
7 -045 -055 -0.62 -069 -0.74 -082 -092 -106 -119 -1.33
8 -0.38 -053 -065 -0.76 -0.84 -0.88 -090 -093 -096 -0.99

Table B2. Standard deviation values of the normalised FO of Zhangzhou citation tones across 10 sampling

points

Tone F0.10 F0.20 F0.30

F0.40 F0.50 F0.60

FO0.70 F0.80 F0.90 F0.100

1

2
3
4
5
6
7
8

0.39
0.38
0.63
0.56
0.35
0.57
0.43
0.49

0.36
0.32
0.58
0.49
0.34
0.51
0.37
0.38

0.40
0.31
0.57
0.46
0.35
0.51
0.33
0.35

0.46
0.33
0.55
0.46
0.36
0.52
0.33
0.35

0.54
0.38
0.61
0.44
0.37
0.54
0.37
0.35

0.61
0.38
0.66
0.45
0.37
0.55
0.39
0.33

0.65
0.37
0.65
0.47
0.37
0.60
0.39
0.31

0.68
0.37
0.69
0.46
0.37
0.66
0.42
0.31

0.70
0.38
0.66
0.48
0.36
0.71
0.51
0.34

0.75
0.38
0.63
0.53
0.37
0.78
0.61
0.42

Table B3. Result of pairwise t-test camparison of the normalised FO values of Zhangzhou citation tones

Tone
T1100
T11D
T2100
T3.10
T3100
T410
T4100
T5.10
T2100
T6.10
T&1M0
T7.10
TT100
TE1D
TE1ND

TL1D
UEH0
E-351

T1100 T210 T2ZMD T3l0 T30 T410 T4100 T30 Ti100 T&W TEL0 T710 T7100 TERID

DEHID
CEH0
SE-X0
UEHO

EADD
FED
3E-2E1
151000570

EADD
401
4E42
LE+H
1E-30
1EO7

EHD
4E-38

4E-4

EHD
TE18
EHMD
S5E-1X
E18

EHD
EHD
EAD
SE-16
1E-B6

S5E-38
TE-L5
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4E-01
E-H
1E-1E1
SE-21
S5E-264
E-45
E-87

3E-38 -

4E-111  OEHO
SE-115 &I
9E-300  OEHD

IE105  IE-190

E-X

E-H  EA -
[E+0  1E35

TE-17
A

E-B

FE1l EM



Table B4. Normalised duration values of Zhangzhou citation tones

Tone Normalised S.d
1 1.13 0.15
2 1.20 0.17
3 0.88 0.14
4 0.83 0.13
5 1.19 0.15
6 0.55 0.12
7 1.01 0.16
8 1.23 0.17

Table B5. Result of pairwise t-test camparison of the normalised duration values of Zhangzhou citation tones

tonel tone? tone3 toned toneb toneb tone?

tone?2 8.6e-10 - - - - - -
tone3 < 2e-16 < 2e-16 - - - - -
toned < 2e-16 < 2e-16 B.Qe-06 - - - -
tone5 2.3e-06 1.000 < 2e-16 < Ze-16 - - -
toneb < 2e-16 < 2e-16 < 2e-16 < 2e-16 < 2e-16 - -
tone? < 2e-16 < 2e-16 < 2e-16 < 2e-16 < 2e-16 < 2e-16 -
tone8 1.1e-10 1.000 < 2e-16 < 2e-16 0.041 < 2e-16 < 2e-16

Phrase-initial Tones

Table B6. Normalised FO values of phrase-initial tones across 64 tonal combinations in Zhangzhou

Pattern F0.10 F0.20 F0.30 F0.40 F0.50 F0.60 F0.70 FO0.80 F0.90 F0.100

1+1 021 013 0.1 011 012 014 016 018 019 0.17
1+2 034 0.27 0.27 028 031 034 037 0.4 0.42 0.4
1+3 0.11  0.03 0.01 001 002 002 003 004 005 0.06
1+4 034 024 0.2 018 017 018 0.19 0.2 021 0.18
1+5 0.2 0.13 0.1 0.1 0.1 0.1 011 011 011 0.09
1+6 0.3 0.2 0.16 013 013 013 013 013 013 o011
1+7 039 033 0.31 032 034 037 041 044 045 042
1+8 029 0.29 0.3 031 033 035 039 043 045 042
2+1 0.12 0.08 0.06 005 005 005 006 008 0.07 0.05
2+2 0.2 0.2 0.22 025 027 029 032 035 035 033
2+3 0.07 0 -0.02 -0.02 -0.01 0 0.02 004 006 0.07
2+4 0.2 0.17 0.16 016 017 017 0.19 0.2 0.2 0.17
2+5 0.11  0.09 0.09 0.09 0.09 0.09 0.1 0.1 0.1 0.07
2+6 021 0.19 0.17 016 016 016 016 016 014 0.12
2+7 0.4 0.38 0.39 0.4 042 044 047 0.5 0.5 0.47
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Pattern F0.10 FO0.20 F0.30 FO0.40 F0.50 F0.60 FO0.70 FO0.80 FO0.90 FO0.100

2+8 0.23 0.2 0.2 022 024 026 029 033 036 033
3+1 -01 -009 -001 012 029 048 067 083 097 1.02
3+2 0.02 0.01 0.09 024 045 069 097 122 142 151
3+3 -03 -029 -021 -009 006 023 041 057 0.7 0.77
3+4 -016 -0.16 -0.07 006 023 045 068 092 109 116
3+5 -012 -0.13 -0.05 0.1 027 046 065 082 093 099
3+6  -0.06 -0.07 0 012 029 049 069 086 098 1.04
3+7 -018 -0.13 -001 018 042 069 097 123 144 154
3+8 -023 -0.18 -006 013 036 062 092 122 143 156
4+1 1.76 1.67 1.56 142 125 105 0.82 0.6 0.38 0.16
4+2 2.13 2.09 2.04 192 175 152 126 098 0.7 0.45
4+3 1.84 1.74 1.62 145 124 102 078 055 035 021
4+4 2.01 1.95 1.86 172 151 127 1 071 045 0.22
4+5 1.89 18 1.67 151 131 108 08 063 043 0.26
4+6 1.91 1.85 1.77 163 144 121 096 067 041 0.17
4+7 1.96 1.94 1.9 1.78 159 136 1.09 0.8 051 0.27
4+8 2.33 2.27 2.17 203 183 159 13 1.03 0.72 045
5+1 0.18 005 -006 -017 -028 -039 -049 -058 -0.66 -0.72
5+2 042 033 0.24 0.13 0 -0.13 -0.27 -04 -051 -0.61
5+3 0.03 -0.1 -0.2 -0.3 -041 -052 -061 -0.68 -0.73 -0.77
5+4 037 0.26 0.15 003 -012 -0.27 -043 -057 -0.69 -0.79
5+5 015 003 -008 -019 -031 -042 -052 -06 -066 -0.7
5+6 025 0.16 007 -003 -016 -031 -046 -059 -0.69 -0.78
5+7 036 031 0.25 0.16 0.05 -008 -02 -031 -042 -0.52
5+8 027 024 0.18 0.09 -002 -015 -0.28 -041 -051 -0.62
6+1 1.86 1.81 1.76 1.7 164 157 1.5 1.4 133 131
6+2 1.98 1.94 191 187 184 18 1.75 1.7 166 1.61
6+3 1.66 1.61 1.55 148 143 138 132 126 121 1.2
6+4 1.81 1.77 1.73 168 164 16 155 151 146 142
6+5 1.86 1.81 1.75 1.7 1.65 1.6 154 147 143 1.4
6+6 2.03 1.94 1.85 175 166 157 147 138 1.3 1.25
6+7 2.18 2.18 217 215 212 207 202 195 1.9 1.86
6+8 2 1.92 1.87 183 179 176 175 172 167 166
7+1 045 034 0.25 0.1z 009 001 -006 -013 -02 -0.25
7+2 046  0.43 0.38 034 028 023 0.17 0.1 0.04 0

7+3 0.16  0.09 004 -002 -008 -014 -021 -028 -034 -04
7+4 028 0.24 0.19 0.15 01 005 -001 -0.07 -015 -0.16
7+5 032 025 0.17 0.1 004 -0.04 -011 -018 -0.26 -0.31
7+6 039 031 0.25 018 011 003 -005 -0.13 -019 -0.24
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Pattern F0.10 F0.20 F0.30 F0.40 F0.50 F0.60 F0.70 F0.80 F0.90 F0.100
7+7 045 0.39 0.34 029 024 024 012 005 -001 -0.05
7+8 048 0.43 0.39 034 028 023 016 008 0.03 -0.03
8+1 024 012 001 -009 -021 -034 -046 -057 -0.66 -0.74
8+2 054 042 0.29 019 007 -006 -02 -032 -044 -0.54
8+3 006 -009 -021 -034 047 -06 -069 -075 -08 -0.84
8+4 0.31 0.2 009 -002 -016 -031 -047 -061 -0.72 -0.82
8+5 026 012 -001 -013 -026 -04 -051 -06 -0.67 -0.71
8+6 037 024 0.14 002 -012 -027 -042 -056 -07 -0.77
8+7 038 0.26 0.17 0.07 -004 -018 -031 -042 -051 -0.6
8+8 048 0.39 0.3 0.2 0.08 -0.05 -018 -0.29 -04 -0.49

Table B7. Standard deviation values of the normalised FO of Zhangzhou phrase-initial tones across 10

sampling points across 64 disyllabic combinations

Pattern F0.10 F0.20 F0.30 F0.40 F0.50 F0.60 FO0.70 F0.80 FO0.90 FO0.100
1+1 0.4 038 037 037 037 038 038 038 038 0.38
1+2 0.4 034 034 034 034 035 037 037 037 037
1+3 03 032 031 031 031 031 032 033 033 033
1+4 038 034 034 034 034 035 035 035 034 033
145 03 032 032 031 031 031 031 031 031 031
1+6 038 031 029 028 028 0.29 0.3 0.3 031 031
1+7 042 038 037 038 038 0.39 0.4 0.4 039 0.37
1+8 0.33 0.3 033 03 036 038 039 041 041 039
2+1 034 031 031 031 031 031 031 031 0.3 0.3
2+2 03 033 032 032 033 033 034 034 034 035
2+3 0.34 0.3 029 028 028 028 028 029 0.29 0.3
2+4  0.33 0.3 029 029 029 029 029 029 029 0.29
2+5 032 029 029 029 028 028 028 028 028 0.29
2+6 029 027 027 027 027 027 027 027 027 0.28
2+7 03 032 032 033 033 034 034 034 034 037
2+8 037 031 0.3 0.3 0.3 0.3 0.3 031 031 032
3+1 037 033 035 039 043 045 045 042 039 041
3+2 0.4 037 041 046 0.5 054 055 055 053 054
3+3 037 035 038 042 045 0.5 0.51 0.5 049 047
3+4 042 038 039 042 046 05 052 053 055 054
3+5 0.4 03 037 036 039 042 045 043 043 043
3+6 038 033 035 038 042 044 046 045 042 042
3+7 0.4 035 036 041 043 046 048 051 05 0.51
3+8 0.33 0.3 0.34 0.4 047 052 055 053 053 057
4+1 0.6 052 047 044 043 043 046 052 068 0.64
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Pattern F0.10 FO0.20 F0.30 F0.40 F0.50 FO0.60 FO0.70 F0.80 F0.90 FO0.100

4+2 0.61 0.54 0.5 047 045 045 048 053 059 0.65
4+3 061 053 049 048 049 051 053 056 059 0.63
4+4 063 059 055 052 052 0.56 0.6 064 068 0.75
4+5 0.5 044 041 039 039 042 044 047 048 051
4+6 063 056 052 049 048 049 051 0.56 0.6 0.68
4+7 0.73 0.7 0.65 0.6 056 055 05 063 071 0.77
4+ 061 054 053 052 052 051 052 053 057 065
5+1 0.5 043 039 037 036 035 035 036 039 042
5+2 045 037 034 032 032 033 034 036 036 037
5+3 047 042 0.4 038 037 03 03 031 032 034
5+4 054 045 0.4 038 03 035 033 034 034 037
5+5 044 036 0.32 0.3 0.3 0.3 031 031 032 0.33
56 047 042 038 046 041 034 033 036 036 041
5+7 051 043 039 037 036 036 036 037 0.4 0.44
5+8 0.4 037 034 0.32 0.3 029 0.29 0.3 033 0.34
6+1 054 051 049 046 044 043 045 0.5 056 0.61
6+2 083 083 083 083 08 08 08 08 083 085
6+3 057 055 053 051 0.5 047 046 044 043 048
6+4 062 059 057 057 053 049 047 046 046 049
6+5 053 051 049 048 047 049 046 048 048 048
6+6 05 048 046 047 049 052 057 0.64 0.7 0.75
6+7 085 0.82 0.8 0.8 0.79 0.8 081 083 084 085
6+8 069 056 0.52 0.5 048 047 046 047 047 048
7+1 074 058 056 054 051 049 049 049 052 052
7+2 0.6 057 05 054 052 051 051 051 052 058
7+3 066 0.58 0.6 058 057 05 055 054 054 056
7+4 046 041 037 034 034 034 034 033 034 046
7+5 056 051 047 046 049 045 047 047 048 049
7+6 058 053 051 051 049 048 047 047 049 051
7+7 0.5 046 043 041 0.4 075 039 041 0.4 0.41
7+8 066 056 052 049 047 046 047 049 051 055
8+1 044 036 032 031 029 029 0.29 0.3 032 0.36
8+2 083 071 051 049 048 047 046 043 042 041
8+3 048 042 039 037 037 035 035 035 035 043
8+4 046 042 0.4 038 038 036 034 034 033 036
8+5 048 039 036 036 034 034 033 032 035 034
8+6 045 036 0.33 0.3 0.3 0.29 0.3 0.3 032 0.34
8+7 041 032 026 024 025 024 025 027 032 035
8+8 062 054 049 047 047 046 047 047 049 051
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Table B8. Result of pairwise t-test camparison of the normalised FO values of Zhangzhou phrase-initial tones
across 64 tonal combinations at 10% sampling point

1+1 1+2 1+3 1+4 1+5 1+& 1+7

1+2 0.00280 - - - - - -

1+3 0.109&67 4. 3e-10 - - - - -

1+4 0.00175 1.00000 7.7e-11 - - - -

1+5 1.00000 0,00087 0.25397 0.00050 - - -

1+6 0.42535 1.00000 1.0e-05 1.00000 0.20437 - -

1+7 2.1e-05 1.00000 9,9e-13 1.00000 5.5e-06 0.49753 -

1+8 1.00000 1.00000 0.02632 1.00000 1.00000 1.00000 1.00000
2+1 242 2+3 2+4 2+5 2+6 247

242 0.36933 - - - - - -

2+3 1.00000 O.00084 - - - - -

244 0.23034 1.00000 0.00026 - - - -

245 1.00000 0.10686 1.00000 0.05805 - - -

2+6 0.18473 1.00000 0O,00050 1.00000 0.05399 - -

247 1.8e-14 1.1e-07 = Z2e-16 2.6e-08 9.72e-16 6. 5e-06 -

248 0.40791 1.00000 0.00741 1.00000 0.17332 1.00000 O.00466
3+1 3+2 3+3 3+4 3+5 3+6 3+7

3+2 0.02204 - - - - - -

3+3 4.9e-07 < Ze-186 - - - - -

F+4 1.00000 2.4e-06 0.00039 - - - -

3+5 1.00000 0.00106 1.0e-05% 1.00000 - - -

3+6 1.00000 0.96709 4.4e-09 0.17862 1.00000 - -

3+7 1.00000 3, 5e-06 0.03602 1.00000 1.00000 O.07809 -

3+8 0.52369 0.00016 1.00000 1.00000 1.00000 0.07431 1.00000
4+1 442 4+3 4+4 4+5 4+6 4+7

442 9,9e-14 - - - - - -

443 1.00000 3.7e-08 - - - - -

444 5,7e-07 0.15680 0.00639 - - - -

445 0.18845 7, 8e-06 1.00000 0.19560 - - -

4+6 0.09811 0.00068 1.00000 1.00000 1.00000 - -

447 0.00467 0.04291 0.78870 1.00000 1.00000 1.00000 -

4+8 2.9e-15 0.146595 4.8e-11 5.1e-05 4.1e-09 2,2e-07 1.7e-05
5+1 5+2 5+3 5+4 5+5 5+6 5+7

5+2 2.0e-06 - - - - - -

5+3 0.00909 =« Ze-186 - - - - -

5+4 0.00012 1.00000 3.6e-15 - - - -

5+5 1.00000 4,8e-08 0.089127 3.7e-00 - - -

5+6 1.00000 0.00647 2.6e-05 0.12574 0.96214 - -

5+7 0.00353 1.00000 2.9e=-11 1.00000 0.00026 0O.60833 -

5+8 1.00000 1.00000 0.00702 1.00000 1.00000 1.00000 1.00000
o+1 o+2 o+3 o+4 o+5 o+6 o+7

6+2 1.00000 - - - - - -

6+3 0.17456 0.00016 - - - - -

6+4 1.00000 0.27945 0.8381l6 - - - -

6+5 1.00000 1.00000 0.17365 1.00000 - - -

6+6 0,95667 1.00000 2.5e-05 0.05643 0.62133 - -

6+7 0.00050 0.08732 1.4e-11 1.1e-06 0.00015 0.94291 -

6+8 1.00000 1.00000 0.08737 1.00000 1.00000 1.00000 1.00000
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7+1 i+ 7+3 7+4d 7+3 7+6 T+7

7+2 1.00000 - - - - - -

7+3 0.00011 9.6e-06 - - - - -

7+4 0.18715 0.05785 1.00000 - - - -

7+5 0.91128 0.37451 0.27830 1.00000 - - -

7+6 1.00000 1.00000 O.00959 1.00000 1.00000 - -

7+7 1.00000 1.00000 O0.00033 0.30824 1.00000 1.00000 -

7+8 1.00000 1.00000 O.04900 1.00000 1.00000 1,00000 1.00000
B+1 B+2 B+3 B+4 B+5 B+6 B+7

8+2 0.07514 - - - - - -

8+3 1.00000 0.00016 - - - - -

8+4 1.00000 0.35960 0.07205 - - - -

8+5 1.00000 O.20186 1.00000 1.00000 - - -

8+6 1.00000 1.00000 0.08931 1.00000 1.00000 - -

E+7 1.00000 1.00000 0.02844 1.00000 1.00000 1.00000 -

E+8 0.04112 1.00000 1.1e-05 0.2E8194 0.19475 1.00000 1.00000

Table B9. Result of pairwise t-test camparison of the normalised FO values of Zhangzhou phrase-initial tones
across 64 tonal combinations at 100% sampling point

1+1 1+2 1+3 1+4 1+5 1+6 1+7

1+2 7.7e-13 - - - - - -

1+3 0.00901 = Z2e-16 - - - - -

1+4 1.00000 3.4e-12 0.00041 - - - -

1+5 0.26096 = Z2e-16 1.00000 0.02813 - - -

1+6 1.00000 = Z2e-16 1.00000 0.57707 1.00000 - -

1+7 5.3e-13 1.00000 = Ze-16 2.5e-12 <« Ze-16 = Ze-16 -

1+8 5.7e-06 1.00000 2.9e-12 2.1e-05 2.6e-10 2.1e-08 1.00000
2+1 242 2+3 2+4 2+5 2+6 247

242 = Z2e-16 - - - - - -

2+3 1.00000 = Z2e-16 - - - - -

244 0.00011 5.7e-08 0.00231 - - - -

245 1.00000 = 2e-16 1.00000 0.00171 - - -

246 0.77501 3.0e-11 1.00000 1.00000 1.00000 - -

247 = 2e-16 0.00016 =« Ze-16 = Ze-16 < Ze-16 =< Z2e-16 -

248 2.1e-11 1.00000 5.3e-10 0.00075 3.9e-10 3. 3e-06 0.02278
3I+1 3+2 3+3 3+4 3+5 3+6 3+7

I+2 = Ze-l6 - - - - - -

3+3 4. 6e-07 < Ze-16 - - - - -

3+4 0.01330 1.0e-15 = Z2e-16 - - - -

3+5 1.00000 < 2e-16 6. 8e-06 0.00063 - - -

3+6 1.00000 = 2e-16 1.8e-07 0.13547 1. 00000 - -

3I+7 < Z2e-16 1.00000 < Ze-16 1.6e-15% < Z2e-16 < 2e-16 -

3+8 2.0e-13 1.00000 = 2e-16 1.3e-07 5.0e-15 7.4e-12 1.00000
441 442 443 4+4 445 4+6 447

442 5.7e-07 - - - - - -

4+3 1.00000 0.00012 - - - - -

4+4 1.00000 8.8e-05 1.00000 - - - -

4+5 1.00000 O0.00717 1.00000 1.00000 - - -

4+6 1.00000 3.8e-05 1.00000 1.00000 1.00000 - -

4+7 1.00000 O.08034 1.00000 1.00000 1.00000 1.00000 -

4+8 0.00199 1.00000 0.02869 0.03208 0.23914 0.00841 0.63238
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5+1 5+2 5+3 5+4 5+5 5+6 5+7

5+2 0.02713 - - - - - -

5+3 1.00000 0.00011 - - - - -

5+4 1.00000 1.7e-06 1.00000 - - - -

S+5 1.00000 0,20514 1.00000 O.19487 - - -

5+6 1.00000 4.7e-05 1.00000 1.00000 0.65333 - -

5+7 9.9e-07 0.45833 4.52-10 1.3e-12 2.2e-05 2.5e-10 -

5+8 1.00000 1.00000 0.16062 0.037ES 1.00000 0.08617 1.00000
o+1 o+2 o+3 o+4d o+5 o+6 o+7

6+2 0.0011 - - - - - -

6+3 1.0000 7.6e-08 - - - - -

6+4 1.0000 0.0967 0.0277 - - - -

6+5 1.0000 0O.0658 0.1199 1.0000 - - -

6+6 1.0000 1.3e-05 1.0000 O0.4113 1.0000 - -

6+7 1.5%e-11 0.0141 = Ze-16 5.9e-09 8.6e-09 1.7e-14 -

6+8 0.0834 1.0000 O0.0014 O0.9478 0.6854 0.0110 1.0000
7+1 7+2 7+3 7+4 7+5 7+6 7+7

7+2 8.0e-05% - - - - - -

7+3 0.10529 1.4e-13 - - - - -

7+4 1.00000 0.04127 0.00012 - - - -

7+5 1.00000 6.1e-08 1.00000 0.16006 - - -

7+6 1.00000 0.00028 0.11201 1.00000 1.00000 - -

7+7 0.01714 1.00000 1.0e-08 1.00000 0.00013 0.03355 -

7+8 0.33472 1.00000 0.00041 1.00000 0.03489 0.42793 1.00000
B+1 B+2 B+3 B+4 B+5 B+6 B+7

B+2 0.25213 - - - - - -

8+3 1.00000 0.00513 - - - - -

&+4 1.00000 0.00337 1.00000 - - - -

&+5 1.00000 0.98430 1.00000 1.00000 - - -

&+6 1.00000 0.22373 1.00000 1.00000 1.00000 - -

8+7 1.00000 1.00000 O.02453 0.01589 1.00000 0O.88972 -

8+8 0.00027 1.00000 4.7e-07 4.2e-09 0.00995 0.00192 1.00000

Table B10. Normalised duration values of Zhangzhou phrase-initial tones across phrase-final tones

Tone V1 V2 V3 V4 V5 V6 V7 V8
1.04 1.05 0.95 1.01 1.04 0.96 1.00 1.08
1.04 1.08 0.98 0.97 1.01 0.91 0.99 1.08
0.98 1.03 0.98 0.98 1.03 0.90 0.99 1.01
0.93 0.96 0.90 0.90 1.01 0.82 098 0.90
0.97 1.03 0.92 0.97 1.03 0.88 1.00 1.10
0.35 0.34 0.36 0.33 0.36 034 040 040
0.35 0.41 0.36 0.35 0.42 0.36 046  0.42
1.03 1.04 1.02 0.98 1.10 0.94 1.01 0.98

0 N o o B~ W N P
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Table B11. Standard deviation values of the normalised duration of Zhangzhou phrase-initial tones across
phrase-final tones

Tone V1 V2 V3 V4 V5 V6 V7 V8

1 22.25 19.88 1950 17.16 21.04 19.83 2081 2441
2 2530 2262 21.00 1956 2239 2458 20.15 19.66
3 17.83 1820 19.82 1844 1935 1768 1898 17.85
4 19.11 1945 1968 18.66 21.34 18.06 1851 18.03
5 19.36 19.90 1921 17.76 2134 1848 19.26 18.30
6
7
8

998 840 99 790 913 861 1149 12.00
9.73 1490 1147 898 1583 9.87 1429 9.71
1931 17.02 1754 16.64 2214 1523 1787 21.87

Table B12. Result of pairwise t-test camparison of the normalised duration values of Zhangzhou phrase-initial
tones across 64 tonal combinations

1+1 1+2 1+3 1+4 1+5 1+6 1+7

1+2 1.00000 - - - - - -

1+3 1.2e-05 2.6e-07 - - - - -

1+4 1.00000 0,70891 0.00399 - - - -

1+5 1.00000 1.00000 2.7e-05 1.00000 - - -

1+6 0.00153 E.4e-05 1.00000 0.13630 0.00284 - -

1+7 1.00000 0,21005 0.21564 1.00000 1.00000 1.00000 -

1+8 1.00000 1.,00000 O.00019 O0.68718 1.00000 0.00246 0.26150
2+1 242 2+3 2+4 2+5 2+6 247

2+2 0.00099 - - - - - -

2+3 0.14305 1. 3e-05 - - - - -

244 0.00305 1.5e-08 1.00000 - - - -

245 1.00000 0.01339 1.00000 0.29064 - - -

246 0.1e-08 3.0e-14 0.01830 0.18437 3.6e-05 - -

247 0.45798 0.00029 1.00000 1.00000 1.00000 0.03894 -

2+8 1.00000 1.00000 O.00869 0.00041 0.34063 7.5e-08 0.02490
3I+1 3+2 3+3 3+4 3+5 3+a I+7

3+2 0.40940 - - - - - -

3+3 1.00000 0.07103 - - - - -

3+4 1.00000 0.15963 1.00000 - - - -

3+5 0.24110 1.00000 0.03743 0.08489 - - -

3+6 0.00013 1.0e-10 0.00085 5.4e-05 3.0e-11 - -

3+7 1.00000 0,92037 1.00000 1.00000 0.58634 0.00017 -

3+8 1.00000 1.00000 1.00000 1.00000 1.00000 0,00141 1.00000
441 442 443 4+4 445 4+6 447

442 1.00000 - - - - - -

4+3 0.67654 0.00378 - - - - -

4+4 1, 3e-07 5.4e-12 0.01592 - - - -

4+5 2.4e-05 0.04762 5.6e-11 < Ze-16 - - -

4+6 9,0e-07 2.1e-10 0.01456 1.00000 < 2e-16 - -

447 0.43623 1.00000 0.00043 3.0e-12 1.00000 4.5e-11 -

4+8 1.00000 0.19467 1.00000 0.63861 2.4e-05 0.36281 0.03489
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5+1 5+2 5+3 5+4 5+5 5+6 5+7

5+2 0.03862 - - - - - -

5+3 0.25024 2.4e-07 - - - - -

5+4 1.00000 0Q.01804 Q,25003 - - - -

5+5 0.02512 1.00000 9,.4e-08 0,01104 - - -

5+6 4.5e-05 2.8e-13 0.57584 3.2e-05 7.1e-14 - -

5+7 1.00000 1.00000 O.00094 1.00000 1.00000 2.7e-08 -

5+8 9.1e-05 0.26478 9.0e-09 4.92-05 0.29098 5.9e-13 0.02128
a+1 a+2 a+3 a+4 a+5 o+6 a+7

o+2 1.00000 - - - - - -

6+3 1.00000 1.00000 - - - - -

6+4 1.00000 1.00000 1.00000 - - - -

6+5 1.00000 1.00000 1.00000 1.00000 - - -

o+6 2.7e-07 2.4e-10 2.0e-07 1.9=-11 2. 8e-07 - -

6+7 0.01512 0.00022 0.01636 4.6e-05 0.02037 0. 36153 -

6+8 1.00000 0.24316 1.00000 0.15238 1.00000 1.00000 1.00000
7+1 7+2 7+3 7+4 7+5 7+6 7+7

7+2 0.00021 - - - - -

7+3 1.00000 0.01398 - - - - -

7+4 1.00000 4.6e-05 1.00000 - - - -

7+5 1.2e-06 1.00000 0.00016 1.7e-07 - - -

7+6 1.00000 0O.06804 1.00000 1.00000 0.00149 - -

7+7 1.5%e-13 0.00193 6.6e-11 B.Z2e-15 0.13488 3.7e-09 -

7+8 0.03140 1.00000 O.24524 0.0191¢ 1.00000 0.4301¢ 1.00000
E+1 B+2 E+3 E+4 E+5 E+6 B+7

8+2 1.00000 - - - - - -

&+3 1.00000 1.00000 - - - - -

&+4 1.00000 1.00000 1.00000 - - - -

8+5 0.65930 1.00000 O.42300 0.00041 - - -

8+6 0.41961 0O.68294 1.00000 1.00000 O0.00081 - -

8+7 1.00000 1.00000 1.00000 1.00000 0.13203 1.00000 -

E+8 0.92078 1.00000 1.00000 1.00000 0.00036 1.00000 1.00000

Phrase-final Tones

Table B13. Normalised FO values of phrase-final tones across 64 tonal combinations in Zhangzhou

Pattern F0.10 F0.20 F0.30 F0.40 FO0.50 F0.60 FO0.70 FO0.80 F0.90 FO0.100

1+1 0.04 -0.10 -0.12 -0.06 004 019 036 054 068 0.79
2+1 -0.10 -0.22 -0.23 -0.18 -0.08 0.06 0.21 036 049 059
3+1 -0.05 -031 -040 -040 -034 -025 -013 -001 010 0.19
4+1 -0.30 -044 -048 -046 -038 -0.26 -0.13 001 014 023
5+1 -0.39 -043 -041 -030 -0.15 0.04 0.26 047 063 0.77
6+1 -0.27 -044 -049 -048 -041 -029 -015 -002 0.09 0.17
7+1 -025 -035 -036 -0.28 -0.15 0.08 0.25 046 0.65 0.79
8+1 -0.30 -0.34 -032 -023 -0.09 009 031 052 068 0.77
1+2 -053 -0.79 -099 -111 -121 -126 -126 -1.26 -1.27 -1.27
2+2 -0.67 -092 -111 -123 -131 -132 -132 -133 -134 -135
3+2 -0.34 -067 -093 -111 -123 -130 -132 -134 -135 -1.36
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Pattern F0.10 F0.20 F0.30 F0.40 FO0.50 FO0.60 FO.70 FO0.80 FO0.90 FO0.100
4+2 -082 -102 -117 -126 -136 -140 -141 -141 -141 -141
5+2 -091 -109 -121 -128 -134 -136 -135 -134 -135 -1.37
6+2 -0.73 -09 -111 -123 -131 -137 -137 -139 -140 -1.39
7+2 -083 -102 -113 -120 -126 -128 -129 -127 -128 -1.27
8+2 -0.89 -103 -112 -116 -120 -123 -121 -1.20 -1.18 -1.16
1+3 143 145 138 1.20 090 052 008 -038 -0.84 -1.20
2+3 130 134 127 110 081 044 002 -043 -087 -1.25
3+3 153 142 126 1.03 072 037 -005 -048 -0.84 -1.17
4+3 125 122 110 091 064 030 -011 -052 -089 -l121
5+3 133 145 143 125 093 054 008 -039 -079 -1.16
6+3 160 150 134 112 084 047 003 -040 -082 -1.19
7+3 158 163 158 1.39 108 070 024 -028 -0.75 -1.16
8+3 117 131 133 120 097 061 021 -022 -064 -1.03
1+4 038 019 -0.01 -022 -044 -069 -092 -112 -132 -1.50
2+4 037 015 -006 -027 -051 -073 -09 -116 -136 -154
3+4 079 051 023 -003 -031 -059 -08 -111 -134 -153
4+4 0.1v -001 -021 -040 -059 -080 -099 -119 -137 -152
5+4 004 -012 -027 -045 063 -083 -1.02 -122 -139 -154
6+4 067 036 0.07 -021 -046 -0.70 -095 -119 -139 -1.52
7+4 023 008 -012 -031 -052 -074 -097 -117 -137 -154
8+4 010 -002 -015 -030 -050 -0.69 -092 -114 -133 -1.46
1+5 012 003 -0.02 -005 -0.07 -0.09 -0.09 -0.09 -0.09 -0.09
2+5 013 o003 -003 -007 -010 -011 -0.11 -0.12 -0.11 -0.10
3+5 025 004 -008 -016 -022 -025 -0.27 -0.27 -0.27 -0.27
4+5 -0.08 -0.18 -024 -028 -032 -034 -035 -035 -034 -0.34
5+5 -0.16 -0.19 -021 -0283 -0.26 -0.27 -0.27 -0.27 -0.26 -0.25
6+5 0.16 -004 -015 -023 -028 -032 -034 -035 -035 -0.34
7+5 003 -005 -011 -015 -018 -019 -0.20 -0.20 -0.20 -0.19
8+5 -031 027 -026 -028 -032 -035 -036 -035 -035 -0.34
1+6 05 039 021 001 -022 -048 -0.77 -1.07 -135 ~-1.59
2+6 067 048 026 004 -020 -045 -073 -103 -131 -158
3+6 087 065 042 017 -008 -039 -0.71 -1.05 -134 -1.59
4+6 041 026 0.08 -011 -032 -055 -082 -109 -134 -1.56
5+6 029 018 003 -015 -037 -061 -088 -116 -142 -164
6+6 060 039 017 -008 -032 -058 -08 -1.19 -145 -1.70
7+6 045 031 018 001 -021 -047 -0.74 -1.02 -131 -1.59
8+6 043 032 017 -003 -026 -051 -0.82 -111 -141 -1.68
1+7 -062 -081 -100 -113 -125 -134 -139 -146 -153 -1.59
2+7 -063 -084 -102 -117 -128 -135 -139 -144 -152 -1.58
3+7 -022 -048 -076 -09 -114 -131 -140 -152 -159 -1.66
4+7 -090 -105 -118 -132 -141 -150 -155 -160 -1.66 -1.70
5+7 -092 -106 -117 -127 -133 -140 -150 -156 -1.60 -1.66
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Pattern F0.10 F0.20 F0.30 F0.40 FO0.50 FO0.60 FO0.70 FO0.80 FO0.90 FO0.100

6+7 -053 -0.75 -092 -107 -119 -127 -136 -145 -153 -161
7+7 -0.82 -09 -107 -116 -124 -130 -137 -142 -149 -155
8+7 -0.93 -105 -116 -126 -1.35 ~-142 -145 -1.46 -150 -1.53
1+8 -049 -0.76 -096 -108 -120 -124 -125 -126 -129 -131
2+8 -0.50 -0.77 -095 -112 -125 -129 -132 -132 -133 -1.34
3+8 -0.21 -043 -0.79 -103 -118 ~-1.27 -134 -138 -141 -145
4+8 -0.72 -100 -116 -130 -143 -146 -149 -150 -153 -155
5+8 -0.92 -105 -114 -124 -130 -135 -136 -135 -1.35 -1.36
6+8 -047 -069 -089 -102 -114 -124 -126 -128 -128 -131
7+8 -0.75 -09% -111 -122 -127 -131 -131 -132 -134 -133
8+8 -069 -086 -098 -104 -108 -111 -110 -111 -1.11 -1.12

Table B14. Standard deviation values of the normalised FO of Zhangzhou phrase-final tones across 10
sampling points across 64 disyllabic combinations

Pattern F0.10 F0.20 F0.30 FO0.40 FO0.50 F0.60 FO0.70 F0.80 FO0.90 FO0.100

1+1 041 038 037 039 042 045 048 051 0.53 0.56
2+1 033 032 033 035 038 041 043 044 047 0.53
3+1 058 040 036 037 039 043 045 045 045 0.46
4+1 039 037 038 039 041 043 045 047 047 0.49
5+1 036 034 036 040 045 051 056 060 0.61 0.63
6+1 03 028 030 033 03 039 041 041 043 0.46
7+1 040 037 038 041 046 051 057 064 0.64 0.68
8+1 030 030 032 034 038 042 047 051 055 0.60
1+2 053 046 041 041 042 041 041 044 047 0.49
2+2 053 044 040 040 042 041 043 046 049 0.50
3+2 071 060 052 049 050 044 048 049 051 0.53
4+2 053 048 045 059 046 044 045 048 049 0.51
5+2 044 035 034 036 039 041 043 047 0.0 0.52
6+2 051 044 041 046 045 042 046 050 0.53 0.54
7+2 052 042 039 040 040 042 045 047 0.50 0.51
8+2 045 042 042 044 048 054 059 061 0.59 0.62
1+3 057 052 051 051 050 05 058 056 0.57 0.65
2+3 049 045 045 045 048 051 062 059 061 0.68
3+3 052 049 049 049 051 052 056 057 0.58 0.64
4+3 067 066 066 065 065 064 063 061 0.60 0.62
5+3 059 056 055 053 053 055 057 055 0.60 0.80
6+3 064 059 05 053 050 050 054 053 0.55 0.60
7+3 061 054 050 050 052 056 062 062 0.66 0.66
8+3 078 077 074 069 066 065 065 062 0.60 0.57
1+4 045 039 03 037 037 043 047 047 0.0 0.55
2+4 051 045 044 044 043 044 044 045 0.56 0.55
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Pattern F0.10 F0.20 F0.30 F0.40 FO0.50 FO0.60 FO0.70 F0.80 F0.90 FO0.100

3+4 058 050 042 041 041 039 040 040 044 0.52
4+4 052 048 041 041 039 040 042 043 047 0.49

5+4 047 039 036 034 033 033 035 037 041 0.46
6+4 060 046 040 038 037 037 036 042 046 0.59
7+4 065 038 032 030 031 029 034 039 043 0.49
8+4 054 047 044 040 037 036 038 038 047 0.51
1+5 032 031 031 031 031 031 031 032 032 0.33
2+5 048 029 029 029 030 031 032 032 032 0.33
3+5 036 032 031 031 031 031 031 031 033 0.34
4+5 033 031 030 031 031 031 032 032 032 0.33
5+5 032 029 029 030 031 031 031 032 032 0.33
6+5 031 029 029 030 031 037 038 042 045 0.47
7+5 046 029 028 028 028 028 028 028 0.29 0.31
8+5 028 027 027 027 027 028 029 031 0.32 0.30
1+6 043 037 034 034 036 040 048 052 061 0.72
2+6 049 038 035 036 038 042 045 051 0.60 0.68
3+6 042 036 037 03 037 040 048 058 0.69 0.74
4+6 044 039 038 039 043 048 052 056 0.60 0.65
5+6 048 045 044 044 042 043 049 052 0.55 0.58
6+6 054 047 042 042 041 042 055 058 0.70 0.72
7+6 042 036 036 038 041 044 048 053 0.58 0.66
8+6 03 028 026 029 030 037 044 054 0.59 0.68
1+7 057 062 046 045 044 045 046 050 054 0.56
2+7 051 043 040 038 039 039 039 041 046 0.50
3+7 091 081 059 054 051 047 046 052 0.55 0.60
4+7 056 053 049 048 047 048 048 051 0.53 0.56
5+7 042 039 040 043 045 044 047 049 051 0.55
6+7 057 049 045 044 042 041 043 046 0.0 0.54
7+7 047 041 040 041 042 043 047 050 0.50 0.55
8+7 045 042 044 045 048 049 049 049 0.52 0.52
1+8 067 055 049 055 051 046 046 049 051 0.50
2+8 067 056 067 061 046 046 049 050 0.52 0.53
3+8 108 122 082 069 062 056 053 056 0.56 0.58
4+8 065 057 061 070 054 052 056 058 0.60 0.64
5+8 040 036 037 040 045 042 041 046 048 0.52
6+8 062 060 057 054 051 042 044 042 041 0.45
7+8 046 040 038 035 032 037 038 041 044 0.47
8+8 047 043 037 038 038 040 040 044 046 0.47
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Table B15. Result of pairwise t-test camparison of the normalised FO values of Zhangzhou phrase-final tones
across 64 tonal combinations at 10% sampling point

1+1 2+1 3+1 441 5+1 a+1 7+1
241 0.0023 - - - - - -
3+1 0.3884 1.0000 - - - - -
441 = Z2e-16 3.1e-08 3.Be-12 - - - -
5+1 = Ze-16 6.8e-14 = Z2e-16 0.3274 - - -
6+1 3.8e-12 0.0013 5.9e-06 1.0000 0.1637 - -
7+1 1.60e-11 0.0054 2.7e-05 1.0000 0.0186 1.0000 -
8+1 4.3e-10 0.0018 2.3e-05 1.0000 1.0000 1.0000 1.0000
1+2 242 3+2 442 5+2 a+2 7+2
2+2 0.0944 - - - - - -
3+2 0.0030 3.9e-10 - - - - -
442 1.3e-08 0.0447 = 2e-16 - - - -
5+2 6.4e-13 5.2e-05 = Z2e-16 1.0000 - - -
6+2 0.0028 1.0000 3.1e-12 1.0000 0.02B0 - -
7+2 9.0e-08 0.0490 <= Ze-16 1.0000 1.0000 1.0000 -
8+2 0.0017 0.4043 3.7e-08 1.0000 1.0000 1.0000 1.0000
1+3 243 3+3 4+3 5+3 o+3 7+3
2+3 0.40425 - - - - - -
3+3 1.00000 0.00056 - - - - -
4+3 0.00420 1.00000 3. 0e-07 - - - -
5+3 1.00000 1.00000 0.00421 1.00000 - - -
6+3 0.16368 2.3e-05 1.00000 1.4e-08 0.00018 - -
7+3 0,28123 3.9e-05 1.00000 1.%9e-08 0.00032 1.00000 -
8+3 0.04538 1.00000 O.00047 1.00000 1.00000 3.4e-05 5.8e-05
1+4 2+4 3+4 4+4 5+4 o+4 7+4
2+4 1.0000 - - - - - -
3I+4 = 2e-16 = Z2e-16 - - - - -
4+4 6. 8Be-06 3.4e-05 = 2e-16 - - - -
5+4 1.2e-13 9.9e-13 = 2Z2e-16 0.0228 - - -
6+4 3.5e-08 4.9e-09 0.4013 = Z2e-16 =« Z2e-16 - -
7+4 0.0702 0.1632 <= Z2e-16 1.0000 0.0026 8. 3e-15 -
8+4 3.2e-05 9.7e-05 = Ze-16 1.0000 1.0000 <= Ze-16 1.0000
1+5 2+5 3+5 4+5 5+5 o+5 7+5
245 1.00000 - - - - - -
3+5 0.00340 0.00970 - - - - -
445 1.3e-09 2.0e-10 = 2e-16 - - - -
5+5 1.0e-15 = 2e-16 = Z2e-16 0.41992 - - -
6+5 1.00000 1.00000 O.68989 4.8e-11 = Z2e-16 - -
7+5 0.22897 0.10963 1.8e-08 0.02905 5. 3e-06 0.01211 -
8+5 0.3e-15 1.7e-15 = Ze-16 0.00025 0.10379 < Ze-16 1.2e-08
1+6 2+6 3+6 4+6 5+6 6+6 7+6
2+6 0.338069 - - - - - -
3+6 2.7e-10 0.00039 - - - - -
4+6 0.05831 3.7e-07 = Z2e-16 - - - -
5+6 3.3e-07 6.3e-15 = Ze-16 0.12051 - - -
o+ 1.00000 1,00000 1.2e-06 0.00378 1.2e-08 - -
7+6 1.00000 0.00037 2.1e-15 1.00000 0.02945 0.15738 -
E+6 1.00000 0.05649 3.6e-07 1.00000 1.00000 0.96031 1.00000
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1+7 2+7 3I+7 447 5+7 6+7 7+7

247 1.00000 - - - - - -

3+7 2.9e-09 3.1e-09 - - - - -

447 8.1e-05 0.00039 = Ze-16 - - - -

5+7 2.2e-05 0.00011 < 2e-16 1.00000 - - -

6+7 1.00000 1,00000 2.6e-05 9.3e-08 2.3e-08 - -

747 0.04702 0.10920 = Z2e-16 1.00000 1.00000 0.00040 -

E+7 0.01043 0.02068 3.0e-14 1.00000 1.00000 0.00021 1.00000
1+8 2+8 3+8 4+8 5+8 o+8 7+8

2+8 1.00000 - - - - - -

3+8 0.40326 0.22224 - - - - -

4+8 0.75930 0.51230 2.6e-05 - - - -

5+8 0.00654 0.00279 3.9e-08 1.00000 - - -

6+8 1.00000 1.00000 1.00000 0O.90668 0.01501 - -

7+8 1.00000 1.00000 O.00081 1.00000 1.00000 1.00000 -

E+8 1.00000 0.87365 4.6e-05 1.00000 0.09784 1.00000 1.00000

Table B16. Result of pairwise t-test camparison of the normalised FO values of Zhangzhou phrase-final tones
across 64 tonal combinations at 100% sampling point

1+1 241 3I+1 441 5+1 a+1 7+1
2+1 0.00085 - - - - - -
3+l = 2e-16 2.8e-14 - - - - -
441 = Ze-16 5.8e-14 1.00000 - - - -
5+1 1.00000 0.00481 = 2e-16 < 2e-16 - - -
6+1 =« 2e-16 6.9e-12 1.00000 1.00000 = 2e-16 - -
7+1 1.00000 0.00752 = Z2e-16 = 2e-16 1.00000 = Ze-16 -
E+1 1.00000 0,27211 3.7e-15 2.4e-14 1.00000 7.0e-14 1.00000

1+2 242 3+2 442 S5+2 o+2 T+2

2+2 1.000 - - - - - -
3+2 1.000 1.000 - - - - -
4+2 0.042 1.000 1.000 - - - -
5+2 1.000 1.000 1.000 1.000 - - -
6+2 0.398 1.000 1.000 1.000 1.000 - -
7+2 1.000 1.000 1.000 O.075 1.000 0.532 -
8+2 1.000 0.937 O0.668 0.097 0.508 0.243 1.000
1+3 243 343 4+3 5+3 6+3 7+3
243 1.0 - - - - - -
3+3 1.0 1.0 - - - - -
4+3 1.0 1.0 1.0 - - - -
5+3 1.0 1.0 1.0 1.0 - - -
6+3 1.0 1.0 1.0 1.0 1.0 - -
743 1.01.01.01.01.0 1.0 -
E+3 1.0 0.5 1.01.01.01.01.0
1+4 2+4 3+4 4+4 5+4 6+4 7+4
244 1 - - - - - -
3+4 1 1 - - - - -
4+4 1 1 1 - - - -
5+4 1 1 1 1 - - -
6+4 1 1 1 1 1 - -
7+4 1 1 1 1 1 1 -
+4 1 1 1 1 1 1 1

291



1+5 2+5 3+5 445 5+5 6+5 7+5

2+5 1.00000 - - - - - -
3+5 3.60e-07 2.4e-06 - - - - -
4+5 5.9e-16 1.1=e-14 0.35682 - - - -
5+5 4.3e-06 2.4e-05 1.00000 0.08632 - - -
6+5 4.7e-11 3.7e-10 1.00000 1.00000 0.46808 - -
7+5 0.06223 0.16531 0.73208 0.00011 1.00000 0.00281 -
8+5 1.4e-05 4.2e-05 1.00000 1.00000 1.00000 1.00000 0.12254
1+6 2+6 3+6 4+6 5+8 6+86 7+6
246 1.00 - - - - - -
3+6 1.00 1.00 - - - - -
4+6 1.00 1.00 1.00 - - - -
5+6 1.00 1.00 1.00 1.00 - - -
o+6 1.00 0.71 1.00 1.00 1.00 - -
7+6 1.00 1.00 1.00 1.00 1.00 1.00 -
8+6 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1+7 247 347 447 547 6+7  T+7
247 1.00 - - - - -
3+7 1.00 1.00 - - - - -
4+7 1.00 0.93 1.00 - - - -
5+7 1.00 1.00 1.00 1.00 - - -
o+7 1.00 1.00 1.00 1.00 1.00 - -
7+7 1.00 1.00 1.00 0.27 1.00 1.00 -
8+7 1.00 1.00 1.00 0O.83 1.00 1.00 1.00
1+8 2+8 3+8 4+ 8 5+8 6+8 7+8
2+8 1.0000 - - - - - -
3+8 1.0000 1.0000 - - - - -
4+8 0.1237 0.2310 1.0000 - - - -
5+8 1.0000 1.0000 1.0000 O.8091 - - -
o+8 1.0000 1.0000 1.0000 O,3765 1.0000 - -
7+8 1.0000 1.0000 1.0000 0.6122 1.0000 1.0000 -
8+8 0.5700 0.0730 0.0019 4.1=-08 0.0754 1.0000 0.7583

Table B17. Normalised duration values of Zhangzhou phrase-final tones across phrase-initial tones

Tone V1 V2 V3 V4 V5 V6 V7 V8
1 1.38 1.17 111 0.97 1.42 0.82 0.97 1.27
2 1.39 121 1.13 0.99 1.40 0.82 1.01 1.23
3 1.40 1.11 111 0.96 1.40 0.81 0.97 1.13
4 1.36 1.07 1.09 0.88 1.40 0.81 0.92 1.18
5 1.39 1.20 1.14 0.99 1.47 0.87 1.04 1.32
6 1.48 1.15 1.15 0.94 1.47 0.88 0.99 1.24
7 1.38 1.26 1.15 0.99 1.47 0.89 1.15 1.29
8 1.33 1.18 1.12 0.94 1.59 0.87 1.01 1.33
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Table B18. Standard deviation values of the normalised duration of Zhangzhou phrase-final tones across
phrase-initial tones

Tone V1 V2 V3 V4 V5 V6 V7 V8

2028 3275 17.09 1846 2056 18.76 2452  28.86
18.31 2980 17.68 1897 2185 1860 19.59  30.17
20.27 2940 1795 2019 2016 18.13 2458  35.58
2290 3316 1792 2097 2287 1825 2183 28.99
19.83 30.82 18.02 20.05 2570 19.61 2258  32.76
2159 3434 18.08 1891 2481 1836 2427 31.16
19.25 3381 1875 19.84 2233 1836 21.94 26.74
18.34 3217 1647 1750 21.66 2271 2426  27.39
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Table B19. Result of pairwise t-test camparison of the normalised duration values of Zhangzhou phrase-final
tones across 64 tonal combinations

1+1 2+1 3I+1 4+1 5+1 o+1 7+1
2+1 1.00000 - - - - - -
3+1 1.00000 1.00000 - - - - -
4+1 1. 00000 1.00000 0, 59575 - - - -
5+1 1.00000 1.00000 1.00000 1.00000 - - -
6+1 2.8e-05 0.00097 0.00441 4.6e-08 0.00083 - -
7+1 1.00000 1.00000 1.00000 1.00000 1.00000 0,00088 -
E+1 1.00000 0.355943 0.19311 1.00000 0, 39082 1.7e-06 1.00000
1+2 2+2 3+2 442 5+2 6+2 7+2
242 1.0000 - - - - - -
3+2 1.0000 0.0223 - - - - -
4+42 0.0037 3.2e-06 1.0000 - - - -
5+2 1.0000 1.0000 0.0714 2.4e-05 - - -
o+2 1.0000 1.0000 1.0000 O.1446 1.0000 - -
7+2 0.1071 1.0000 &.5e-05 9.7e-10 1.0000 0.0223 -
8+2 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

1+3 2+3 3+3 4+3 3+3 o+3 +3

2+3 1.0000 - - - - - -

3+3 1.0000 1.0000 - - - - -

4+3 1.0000 0. 3400 1.0000 - - - -

5+3 1.0000 1.0000 1.0000 0.0271 - - -

6+3 1.0000 1.0000 1.0000 O.0429 1.0000 - -

7+3 0.5360 1.0000 O.4196 0.0051 1.0000 1.0000 -

+3 1.0000 1.0000 1.0000 1.0000 1.0000 11,0000 1.0000

1+4 2+4 3+4 4+4 S5+4 o+4 T+

2+4 1.00000 - - - - - -
3+4 1.00000 1.00000 - - - - -
4+4 4. 3e-08 1.7e-11 9.60e-07 - - - -
5+4 1.00000 1.00000 1.00000 1.2e-11 - - -
6+4 1.00000 1.00000 1.00000 O.00047 0.99574 - -
7+4 1.00000 1.00000 1.00000 7.0e-10 1.00000 0.72625 -
E+4 1.00000 0.860582 1.00000 0.09217 0.45702 1.00000 0.33447
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1+5 2+5 3+5 4+5 5+5 o+5 7+5
2+5 1.0000 - - - - - -
3+5 1.0000 1.0000 - - - - -
4+5 1.0000 1.0000 1.0000 - - - -
5+5 0.8845 0.0167 0.0109% 0.017% - - -
6+5 0.8091 0.0240 0.01led 0.0275% 1.0000 - -
7+5 0.6203 0.0143 0.0090 0.0157 1.0000 1.0000 -
E+5 4.7e-06 4.5e-08 2.9e-08 4.4e-08 0.0029 00,0118 0.0103
1+6 2+6 3+6 446 5+6 6+6 7+6
246 1.00000 - - - - - -
3+6 1.00000 1.00000 - - - - -
4+6 1.00000 1.00000 1.00000 - - - -
5+6 0.24175 0.11899 0,02752 0.01492 - - -
6+6 0.01126 0.00495 O.00094 O.00044 1.00000 - -
7+6 0.01730 0.00778 0.00155 0.00075 1.00000 1.00000 -
E+6 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
1+7 247 3+7 447 5+7 o+7 T+7
2+7 1.00000 - - - - - -
3+7 1.00000 1.00000 - - - - -
4+7 0.41648 0.00180 0. 32454 - - - -
5+7 0.20448 1.00000 0.27503 7.0e-06 - - -
6+7 1.00000 1.00000 1.00000 O.04587 1.00000 - -
T+7 2.2e-10 6.0e-06 4.4e-10 = 2e-16 0.00033 7.8e-08 -
E+7 1.00000 1.00000 1.00000 0.22312 1.00000 1.00000 0.00145
1+8 2+8 3+8 4+8 5+8 o+8 7+8
2+8 1. 00000 - - - - - -
3+8 0.20143 1.00000 - - - - -
4+8 1.00000 1.00000 1.00000 - - - -
5+8 1.00000 1.00000 0.01266 0.15010 - - -
6+8 1.00000 1.00000 1.00000 1.00000 1.00000 - -
7+8 1.00000 1.00000 O.21694 1.00000 1.00000 1.00000 -
&+8 1.00000 0O.54630 0.00038 0.00570 1.00000 1.00000 1.00000
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Appendix C: Sound Files and Raw Data (attached USB)
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