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Abstract

The city of Changsha, Hunan Province, China has seen an increase in the use
of Mandarin in the past decade, overshadowing the local non-Mandarin variety,
Changsha. A new variety “Plastic Mandarin”, mostly spoken by millennials and
younger generations, has emerged. It is defined in this thesis as a non-standard
Mandarin accent that features the speech of young urban residents in Changsha
and that has crystallised over the past few decades.

This thesis presents a detailed phonetic investigation of the tonal system of
Plastic Mandarin through a cross-varietal comparative approach, mainly divided into
two streams: citation tones and neutral tones in contexts. The defining characteristic
of the citation tone system for Plastic Mandarin is established first: a mid-level tone,
a low to mid rising tone, a low falling tone, and a high rising tone. By comparing
the citation tones of the three varieties that coexist in the city of Changsha, the
thesis provides acoustic evidence that Plastic Mandarin may arise when Mandarin
tones adapt the pitch pattern of some corresponding Changsha tones.

In addition to citation tones, this thesis disentangles the sources of variability
in the syllable duration and fy contour of speech sequences containing neutral tone
syllables, i.e. those do not have any of the four canonical lexical tones and often
overlooked in prior studies of tones. The data show that f; contours converge at
the end of two consecutive neutral tone syllables at a low pitch in both Mandarin
varieties. It suggests that a neutral tone or a sequence of consecutive neutral
tones tends to be associated with a low pitch target, despite the varying fy shapes
largely predicted by the preceding lexical tone. The thesis proposes a probabilistic
target-approaching model for Mandarin tones in connected speech, in which pitch
targets may be fewer than the number of syllables. While the phonetic realisation
of the four lexical tones in Plastic Mandarin is consistently different from that
in Standard Mandarin, the pitch target of neutral tone syllables tends to remain
constant in this process of Mandarin variation and change, which may be attributed

to the stable transfer of prosodic structure.

Keywords: Plastic Mandarin, Phonetics, neutral tone, Mandarin variation,

citation tone, prosody, fo contour, mixed models
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As the underground train networks sprawled under Changsha city, the capital
of Hunan Province in China, and the speed of railways skyrocketed, the way we
speak has also had rapid changes there in the past few decades. In addition to the
unprecedented skyscraper boom on the banks of the Xiang River, the official national
language, Standard Mandarin, has gained momentum in the repertoire of a large
part of population which hitherto had spoken the regional vernacular, Changshaﬂ
one of the Xiang varieties. The addition of the standard variety, both the written
and spoken form, in Changsha society has been accelerated by education and mass
media, apart from the greater human mobility. The increasingly intensified contact
between Standard Mandarin and Changsha was accompanied by the emergence of

Plastic Mandarin. It has been speedily spreading among younger generations

'In this thesis, Changsha is used to refer to the local language or the city.
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and rapidly reshaping the local speech patterns. Although Plastic Mandarin has
had some media exposure, it has received little scholarly attention.

The thesis is devoted to the investigation of the tonal system of Plastic Mandarin,
using a cross-varietal comparative approach, considering the influential role of
Standard Mandarin and Changsha may have played in the emergence of Plastic
Mandarin. Having established the phonetic description for the citation tones of Plas-
tic Mandarin, the thesis further explores the development of Plastic Mandarin tones,
presents a new analysis of tones in connected speech in varied Mandarin varieties,
and illuminates the structure and stability in Mandarin variation and change. It
examines the phonetic realisation of lexical tone and neutral tone syllables in various
contexts through quantitative modelling methods, incorporating the influence of
multiple sources in speech production. The comparative approach and variation
perspective provide insights into the prosodic organisation of Mandarin and highlight
an aspect of prosodic constancy in this Standard—Plastic variation of Mandarin.

This chapter, first and foremost, provides a comprehensive introduction to
Plastic Mandarin ranging from the anecdotal origin of its name and the social
contexts of its use to young speakers’ attitudes towards it, and discusses Plastic
Mandarin in the academic discourse of new dialect formation. Then it delineates
the significance of the research and the core research questions, followed by an

outline of the organisation of the thesis.

1.1 What is Plastic Mandarin?

1.1.1 Origin of the name: An inauthentic Mandarin

The term ‘Plastic Mandarin’, a literal translation of sulido putonghua (¥BRFEE1E)
in Mandarin Chinese, or st pti (223¥) in its short form, describes a Mandarin variety
spoken mainly in Changsha, Hunan Provinceﬂ, China. Different from the names of
other local Mandarin varieties, which are named after their locality such as Tianjin
Mandarin and Jinan Mandarin, this term is rich in meanings and has multiple

connotations: first, the pronunciation of su in Changsha, [so], is a homophone of

2Hunan Province is also known as Xiang.
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another morpheme meaning ‘bad’, thus su pu indicates ‘bad Mandarin’; second,
suliago ‘plastic’ in Chinese connotes the negative sense of being artificial and fake,
in opposition to authenticity. The term hence implies ‘a sham or parody of the
high prestige Standard Mandarin’, which reflects Changsha speakers’ self-mocking
tone of their Mandarin pronunciation. A summary of the meanings of ‘Plastic
Mandarin’ is provided in Table

The earliest mention of this term in academic work was in Y. Wu (2005, p. 22),
referring to “a variety that combines the features of the local Changsha dialect with
features of Standard Mandarin’ﬂ The term ‘Plastic Mandarin’ was originally used
as an umbrella term covering various kinds of Mandarin-vernacular-hybrid varieties
including L2 Mandarin accents when adult monolingual Xiang speakers started
to learn Mandarin. Chapter 2 will further illustrate the major language
varieties in the city of Changsha with examples.

In recent decades, the referent of Plastic Mandarin has become crystallised and
increasingly identified as a particular non-standard Mandarin with distinct and
consistent tonal patterns spoken by young people. This was validated in X. Xu et al.
(2012)’s study: about 90% of their 104 survey respondents in Changsha correctly
identified the recording of Plastic Mandarin (narrow sense) among recordings of
four major varieties in Changsha including Standard Mandarin, Plastic Mandarin,
Changsha-accented L2 Mandarin, and Changsha; 55.8% of them differentiated
Plastic Mandarin from Changsha-accented L2 Mandarin and some participants
considered Changsha-accented L2 Mandarin as a variant of Plastic Mandarin
(broad sense). Despite the absence of authoritative definition or standard, most
respondents could recognise and were highly aware of the particular Plastic Mandarin.
Furthermore, Jing and Niu (2010) observed that the most speakers of such Mandarin
were below 30 years old, and those with high academic qualifications were capable of
and inclined to code-switching between Standard Mandarin, Plastic Mandarin, and
Changsha. In this thesis, Plastic Mandarin refers to the emerged and crystallised

Mandarin of the young generations in Changsha.

3Tt is still a mystery when this term first appeared in Changsha and who originated it.
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Plastic Mandarin Connotations Bad or fake Mandarin

suliao pj?lttc?nghud Broad sense Non-standard Mandarin
TR T varieties (in Hunan Province)

A particular non-standard
Narrow sense Mandarin with distinct tonal
patterns in Changsha, Hunan

Table 1.1: Summary of the meanings of ‘Plastic Mandarin’.

1.1.2 Domains and speakers: A crystallised urban youth
speech

Plastic Mandarin is a young and vibrant Mandarin variety that is spreading to
broader geographic and social space and to a wider range of age groups, which has
come to be linked increasingly to Changsha. Considering that older generations
in Changsha do not speak Plastic Mandarin, it was probably formed in the recent
two or three decades, the period when Standard Mandarin was massively promoted
through education and media under the language legislation and strong language
policy. Since 1999, the third week of every September has been designated as
the “Putonghua (Standard Mandarin) Promotion Week” across the country, a
national annual event jointly guided by nine central government bureaus including
the Ministry of Education. Activities and competitions for the annual event are
organised through the public school system and by various state and cultural
institutions. I had the experience of participating in poetry recitations and drama
performance characterised by speaking Standard Mandarin in mid 2000s. Schools

are one of the sites where Standard Mandarin came into contact with the vernacular.

1.1.2.1 From de facto lingua franca in schools to public service

From my personal recollection of growing up in Changsha since 2006 and continuing
observations, Plastic Mandarin has been predominantly used in schools, particularly
in secondary schools, in urban Changsha. It thrives on the realistic gap between
policy and practice — despite that Standard Mandarin is expected and required

in schools, the accented Mandarin produced by many experienced local teachers
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Interlocutor Number of participants
Classmates and friends in school 20/21
Teachers after classes 16/21
Teachers during classes 13/21
Grandparents 3/21
Parents 8/21
Strangers outside schools 11/21

Table 1.2: Summary of the number of participants who often or always speak Plastic
Mandarin to different interlocutors. Strangers outside schools can be taxi drivers, cashiers,
shop assistants, etc.

who are adult learners of Mandarin is (has to be) tolerated. Plastic Mandarin is
generally considered more standard and intelligible than the accented Mandarin
among Mandarin speakers, from the perspective of Standard Mandarin acquisition.
Speaking Plastic Mandarin is hence widely accepted in comfort and serves as a
covert legitimised professional conduct.

To consolidate my observations, I administered a brief survey about daily
language use (see Appendix to my participants during my fieldwork visits to
Changsha in 2020. Nineteen high school students and two undergraduates who
graduated from the same school completed the questionnaire. Table summarises
the number of participants who self-reported that they often or alwayd'] speak
Plastic Mandarin in various scenarios. According to their responses, 20 out of 21
(95%) indicate that they always or often communicate with their classmates and
friends in school in Plastic Mandarin, 16 out 21 (76%) indicate that they always or
often talk to their teachers in Plastic Mandarin after classes, and 13 out of 21 (62%)
indicate that they always or often speak to their teachers in Plastic Mandarin during
classes. Such frequent uses of Plastic Mandarin in school, especially with their peers
whose native tongues may be mutually unintelligible Xiang varieties, imply that
Plastic Mandarin has become the de facto lingua franca in school. Y. Wang (2018)
also reported that 36 out of 37 subjects in their study attended secondary schools

where the major medium of communication was Plastic Mandarin.

4They chose 4 or 5 in a 5-point Likert scale.
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From the survey, we also know that outside school these teenagers speak
differently depending on the social interactions. 16 out of 21 (76%) indicate
that they always or often communicate with their grandparents in one of the Xiang
vernaculars, since most of the older generations grew up speaking the vernaculars.
When they talk to their parents, Plastic Mandarin, Xiang vernaculars, and a
mix of both are the usual options. Standard Mandarin is seldom used in their
communication with family. The fact that fewer participants speak to their parents
or grandparents in Plastic Mandarin compared to their classmates and friends
suggests that Plastic Mandarin be the sociolect of the young. Plastic Mandarin
may not be the dominant variety students encounter on university campuses unless
their social networks are locally-based, since university admissions are typically
a mixed intake of students from different parts of China.

The use of Plastic Mandarin extends beyond the realm of education and co-exists
with Standard Mandarin and Changsha in many public spaces. About half the
adolescent participants always or often speak Plastic Mandarin in public space
too. Jing and Niu (2010) interviewed 42 Changsha locals who are competent
‘trilinguals’ in Standard Mandarin, Plastic Mandarin and Changsha, and found
that for these speakers, Plastic Mandarin was also frequently used in workplace
and public sphere. Especially in high-end department stores, restaurants, hotels,
post offices, banks, airports, and train stations, more than three-quarters of them

preferred to communicate in Plastic Mandarin.

1.1.2.2 From adolescents to wider age groups

Plastic Mandarin is first discernible in the speech of adolescents and young adults.
X. Xu et al. (2012) surveyed 104 Changsha residents aged from 15 to 55 years
old, and less than 30% of them used Plastic Mandarin in various contexts. The
lower usage rate of Plastic Mandarin in their study compared to Jing and Niu
(2010) is mostly likely attributed to the lower percentage of young people in the

participants (only one secondary school student).
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The popular youth speech, Plastic Mandarin, however, is no longer confined
to teenagers. The generation born after 1980s and 1990s and proficient in Plastic
Mandarin may have been reshaping the linguistic landscape of urban Changsha
when they entered the workplace and started families. The presence of Plastic
Mandarin was noticeable in the speech of primary school students on the reality
television show Grade One produced by Hunan Broadcasting System, which was
aired in 2014. The show featured seven students, aged 5 and 6, as they embarked
on their first semester in a Changsha elementary boarding school. Through 120
cameras the show documented the interactions of these students with their parents,
classmates, and teachers. A significant number of young children on the show
used Plastic Mandarin, even during interactions with their parents at home or
when expressing strong emotions such as crying or losing their temper in conflicts.
These children might have acquired Plastic Mandarin from their caregivers and
were accustomed to speaking Plastic Mandarin. While it is important to note that
the students on the reality television show may not be representative of all young
children in Changsha, and that the potential effects of camera lens and editing
should be taken into consideration, the show does afford a window on the language
practices of young children from relatively well-off families in Changsha.

The use of the vernacular Changsha, unfortunately, has been decreasing. Only
13 out of 21 participants rated 4 or 5 out of 5 in their Changsha proficiency, despite
my efforts in recruiting subjects who speak both Changsha and Plastic Mandarin.
Further empirical research is needed to document language use in Hunan, but

that is not the purpose of this thesis.

1.1.3 Attitudes: A Changsha Mandarin

Through informal conversations with my participants I gathered their language
attitudes towards Plastic Mandarin, in the hope of profiling Plastic Mandarin from
a socially meaningful perspective. In spite of the negative connotations of the term
‘Plastic Mandarin’, this variety is instead associated with positive traits. Table

presents the translations of expressions that participants used to describe Plastic
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Theme

Translation

Solidarity

“Plastic Mandarin brings us closer, reducing our social distance.”

“Everybody speaks plastic Mandarin here. If I did not speak it, it would
be embarrassing.”

“It’s Changsha. It is inevitable to speak Plastic Mandarin.”

Amiability

“Speaking Plastic Mandarin is down-to-earth without affectation.”
“Speaking Plastic Mandarin makes us affable and amiable.”
“It is a friendly and pleasant gesture to speak Plastic Mandarin.”

“It depends on my mood. When I'm happy, I speak Plastic Mandarin.”

Easiness

“There is no pressure to speak Plastic Mandarin.”

“I feel relaxed and unconcerned when I speak Plastic Mandarin.”
“Plastic Mandarin is easy and comfortable to speak.”

“Speaking Plastic Mandarin is entertaining with a sense of humour.”

“It is our habit to speak Plastic Mandarin.”

Cultural
Identity

“I am proud of Plastic Mandarin.”
“Plastic Mandarin relates to our hometown.”
“Plastic Mandarin represents Changsha....is characteristic of Hunan.”

“Plastic Mandarin combines Putonghua and our dialect.”

Table 1.3: Categorisation of opinions about Plastic Mandarin by participants.

Mandarinﬁ and categorises them by their theme. Rather than perceive Plastic

Mandarin as a ‘bad Mandarin’ that needs to be corrected, they have a favourable

regard for Plastic Mandarin on the whole.

Language attitudes predominantly reflect evaluative beliefs about speakers of

a language variety, typically coalescing along two main dimensions of status and

solidarity. While the use of Standard Mandarin tends to be associated with culture,

education and high prestige (X. Xu et al., 2012)), the use of Plastic Mandarin tends

to be associated with maintaining social networks and building identities. As shown

in Table [1.3] speaking Plastic Mandarin in the school is a gesture of being friendly

and amiable, as well as a sign of solidarity and reduced social distance. It is the

®Some of the responses were from my MPhil work (C. Xu, 2018).
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norm of communication within the social networks in school. Moreover, Plastic
Mandarin has been an inclusive variety that is spoken by both Changsha local
and non-local students. As the provincial capital with great educational resources,
Changsha attracted many students born in other cities in Hunan province. Often
these students are speakers of Xiang varieties other than Changsha, but they all
speak Plastic Mandarin in the school. Plastic Mandarin is, in some respect, similar
to Multicultural London English, an English variety associated with adolescents,
whose linguistic characteristics are related to their multi-ethnic friendship networks
at school (Kerswill et al., 2007)).

When moving away from the family sphere, adolescents are engaged with
constructing identities independently, partially through deploying variables of the
vernacular, which contributes to the advancement of linguistic change from below
(Eckert, 2017). The adolescents’ awareness of the local cultural identity and their
positive orientations to the local environment are projected in their choice of Plastic
Mandarin as the preferred variety in school. They acknowledged Plastic Mandarin
as a marker of their hometown Changsha, or broadly, Hunan (Xiang) province.
Through speaking Plastic Mandarin, they were signalling a shared cultural heritage

and making more self-conscious regional identity claims.

1.1.4 Contact and acquisition: A new Mandarin dialect

The scholarly discourse on the nature of Plastic Mandarin revolved around two
theoretical strands: (1) Plastic Mandarin as a fossilised interlanguage (Jing & Niu,
2010) and (2) Plastic Mandarin as a contact-induced new variety (L. Fu, 2010)).
The former concept of interlanguage in the field of second language acquisition
is specific to individual non-native speakers, while the latter concept in the field
of sociolinguistics places the focus on collective linguistic behaviour arising in
multilingual communities. Both contact and acquisition are essential factors in
the formation of Plastic Mandarin.

Interlanguage refers to the language system that learners develop in the process

of acquiring a target language and has a structurally intermediate status between
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the native language and the target language (Selinker, |1972). The accented
Mandarin produced by older adults in Changsha tends to exhibit characteristics of
interlanguage, i.e. permeability, dynamism, and systematicity. There is a certain
degree of uniformity and a high degree of variability in the accented Mandarin, as
evident in the classification of heavy, medium, and light accents in L. Fu (2010)’s
examination of accented Mandarin produced by 200 native Changsha speakers aged
from 16 to 55. The homogeneous linguistic forms deviant from the norm of Standard
Mandarin in Plastic Mandarin, nevertheless, should not be analysed as persistent
errors or failed approximations as in the fossilised interlanguage account, since most
Plastic Mandarin speakers in this study were aware of the mismatch between Plastic
Mandarin and Standard Mandarin and capable of producing more standard forms.

The sociolinguistic perspective of contact and new dialect formation is highly
relevant to the case of Plastic Mandarin. In my generation and earlier generations,
the norms of Plastic Mandarin were not introduced by our parents nor grandparents.
The lack of continuity between generations serves as a marker of a new dialect
(Kerswill, |2020). The contact between Changsha and Standard Mandarin in the
city of Changsha may not be as apparent, given that there has not been large-scale
migration of Standard Mandarin speakers to Changsha in recent years. The contact
accompanied the process of adopting Standard Mandarin under the language policy,
and was sustained and accelerated in the digital space including mass media and
digital communication. Considering Changsha and Standard Mandarin, one might
regard Changsha as a case of extended diglossia (Fishman, |1967) with bilingualism,
where two varieties coexist in the society but are used in different domains: Standard
Mandarin with a highly codified system is the High variety used in written form
and formal domains and Changsha is the Low variety marginalised in formal
education and thriving in ordinary conversations at home and wet market. The
compartmentalisation by usage domains of the two varieties in a diglossic situation
is often not clear-cut or stable in reality (Sayahi, 2020)), especially when coupled

with non-native competence. It appears to be a fluid diglossic situation, or diaglossia
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in Auer (2011))’s term since the linguistic landscape in Changsha is also filled up
with intermediate variants (see in Chapter [2).

The rise of homogeneous Plastic Mandarin during the contact, similar to the
focusing stage of the new variety in Trudgill’s three-stage theory of new-dialect
formation (Trudgill, 2004), complicates the functional distribution of varieties.
Plastic Mandarin tends to encroach upon the High variety in contexts such as
education and corporate meetings as well as infiltrate the Low variety in some

informal contexts.

1.2 Motivations and Research Questions

The impetus for this work lies in my own Chinese language experience in com-
municating with peers and friends marked by three stages: I was a fluent Xiang
vernacular speaker when I was in a local primary school which most children in the
neighbourhood attended; later in the middle and high school in Changsha where
a large influx of students from diverse regions in Hunan Province joined for high
quality education, we spoke little of our mutually unintelligible vernaculars but
mostly conversed in Plastic Mandarin; then during my undergraduate studies in
Hong Kong, I spoke Standard Mandarin with friends from various parts of China
and started to learn Cantonese. The major shift of my social language was due to
the changing geographical environments and social networks, and it also reflects
concomitant language change in the society over the years. Now it appears to be
the case that younger people in Changsha grew up with Plastic Mandarin, many
of whom are no longer fluent in any Xiang vernacular. Similar to the way in
which regional “Englishes” have sprouted up all around the world since English has
become the global lingua franca, new urban varieties of Mandarin such as Plastic
Mandarin may be emerging in other cities too. One motivation of the thesis is
therefore to document such language variation since Plastic Mandarin is spoken
by an increasing number of speakers, potentially in millions.

Variation studies have concentrated overwhelmingly on segmental phonetic and

phonological features. There have also been growing interests in morphosyntactic,
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grammatical, and discourse features subject to diffusion and levelling (e.g. Cheshire,
2007). Linguistic analyses of contact variation in prosody, nevertheless, remain
relatively scarce. Prosody in a spoken language, often decomposed into patterns
of timing, melody, intensity, and so on, is indispensable to both the structure
and meaning in speech, and conveys a plethora of communicative functions. It
encodes phonological contrasts such as lexical tones, as well as indexes speaker
identity ranging from gender and age to the sociolectal and dialectal status. Another
motivation is to fill a lacuna in our understanding of contact and prosodic variation
in tonal languages, through a case study of Plastic Mandarin.

The aim of this thesis is to investigate the tonal system of Plastic Mandarin,
since little is known about this ‘plastic’ accent. A few studies such as Jing and
Niu (2010), X. Xu et al. (2012), Y. Wang (2018), and S. Shen (2019) examined the
citation tones of Plastic Mandarin, but they were merely impressionistic description
or based on the fundamental frequency (fy) measurements of one speaker. None of
these studies examined neutral tones in Plastic Mandarin. It is concerned that the
traditional approach to tones of Chinese varieties relies heavily on impressionistic
data and neglects neutral tonedﬂ This thesis provides comparative analysis of
Plastic Mandarin and Standard Mandarin, incorporates lexical tones and neutral
tone, and investigates the interplay of contextual tonal variation and dialectal
variation. Through detailed acoustic-phonetic analyses of tonal and durational
patterns of monosyllables and polysyllabic phrases containing neutral tone syllables,

this thesis seeks to explore the following main questions:

RQ1. Citation tones: What are the citation tones of Plastic Mandarin? What are
the potential sources of sound change?

RQ2. Neutral tone: What are the phonetic patterns of neutral tone in Plastic
Mandarin? How do they compare to those of neutral tone in Standard

Mandarin?

6Standard Mandarin has received extensive attention in tonal scholarship and is comparatively
well-researched. This will be introduced in Chapter
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RQ3. How do full lexical tones and neutral tone interact with the Standard-Plastic

language variation?

The thesis contributes to the documentation of a new Mandarin variety, the
analysis of prosodic features in language contact and variation, and the discussion
on theoretical representation of Mandarin neutral tone. Methodologically, this
thesis demonstrates two mixed-model approaches to time series fy data: functional
data analysis combining Legendre polynomial modelling with linear mixed effects
models, and generalised additive mixed models. The former with the advantage
of interpretable coefficients can be a valuable tool in establishing tonal space and
clustering citation tone patterns in comparison; the latter with the flexibility of
inclusion of time variable in dynamic phonetic patterns can reveal how varying

conditions differ with respect to how f; unfolds over time.

1.3 Thesis Organisation

Chapter [2| provides the necessary background of this study and reviews previous
work related to the production, representation, and modelling of tones and tone
sequences. It begins with an introduction of Chinese as a constellation of different
varieties and then situates the study in the social context of the popularisation of
Standard Mandarin, and in the geographical context where the city of Changsha,
its speakers, and its accents are portrayed. Then it continues into the academic
area of tones, ranging from the historical processes to computational modelling
of surface realisation. In particular, neutral tone, one of the main subjects of
investigation, is introduced.

Chapters [3] to [p] present three studies that make up the empirical core of the
thesis. As part of my research, I spent time in a middle school in Changsha
collecting speech data from adolescent speakers of Plastic Mandarin. Comparative
Standard Mandarin data were also collected from Mandarin speakers in Oxford
during the period of the COVID travel restrictions. These recordings constitute

the main speech data for this study.
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Chapter [3| focuses on the citation tones, using the first-hand speech data of
three varieties that coexist in the city of Changsha: Plastic Mandarin, Changsha,
and Standard Mandarin. The chapter provides a thorough description of the data
collection procedure and highlights the importance of fieldwork methods in eliciting
a non-standard variety. The data show that Plastic Mandarin exhibits the same
citation tone categories as Standard Mandarin, but with each tone category featuring
a distinct pitch pattern compared to that of Standard Mandarin. The duration
of citation tone syllables in Plastic Mandarin also differs from that in Standard
Mandarin, especially Tone 3 syllables. The chapter summarises the prototypical
pitch contour for each citation tone in Plastic Mandarin. Through a comparative
analyses of citation tones in the three varieties, this chapter provides acoustic
evidence that Plastic Mandarin arose by adapting some pitch patterns of Changsha
tones into the corresponding Mandarin tone categories.

Chapter {4| presents a subsidiary investigation that involves the presence and
realisation of neutral tone in Standard Mandarin using corpus data, so as to establish
a benchmark for comparison with Plastic Mandarin. It explores the acoustics of
thousands of phrases containing neutral tone syllables in a corpus of Standard
Mandarin Broadcast News Speech, since most previous studies of neutral tone are
either phonological discussion based on impressionistic pitch heights or acoustic
studies over a few types of phrases in lab read speech. Despite the absence of
well-controlled linguistic contexts, there were strong statistical correlations between
the preceding lexical tone and the pitch contour shape of neutral tone in the corpus
data. The analysis shows that neutral tone in Standard Mandarin news speech
tends to converge towards a low pitch in the course of two consecutive neutral tone
syllables, and suggests a probabilistic target approaching view of tones.

Chapter [b| examines the variability in the phonetic realisation of neutral tones,
through phrases containing neutral tone syllables in the fieldwork data of semi-
spontaneous speech in both Mandarin varieties. It probes into the extent of the
influence of the preceding lexical tone, the following tone, and overall duration on

fo patterns of neutral tone. The analysis shows extensive carryover effect from the
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preceding lexical tone but little effect from the following tone in both Mandarin
varieties. It reveals how duration affects f, contours and manifests the important
role of syllable duration in the fy approximation to a pitch target. Despite differences
in the realisation of neutral tone pitch contours between the two Mandarin varieties,
Plastic Mandarin resembled Standard Mandarin in the systematic approximation
of a low pitch target (not necessarily the lowest pitch) among various neutral tone
sequences containing one or more consecutive neutral tones. Furthermore, the pitch
target of neutral tone tends to be the same for both Mandarin varieties.
Chapter [6] revisits the research questions, summarises, and contextualises the
key findings from the previous chapters. It explores the possible mechanisms that
may have shaped the Plastic Mandarin tone system and accounts of neutral tone
representation and realisation in both Mandarin varieties. It also extends the
discussion on prosody in language variation and change, methods of analysing
phonetic data, potential directions of future research, and lastly, open science

and reproducible practices.
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focusing in on the Changsha city, the local community, and its accents in
Then gives a sketch of the historical and phonological studies of lexical tones
of Chinese languages, and defines a few key terms used in the thesis. §2.4 moves
on to tones in contexts and introduces speech models of phonetic realisation of
tones. focuses on neutral tone, ranging from its properties and categorisation

to existing analyses of its realisation.

2.1 Kaleidoscope of Chinese Varieties and the
Lingua Franca

Chinese is a branch of the Sino-Tibetan language family. Typologically, Chinese
is a lexical tone language, as well as an isolating or analytic language, with a
logographic writing system. In other words, a morpheme in Chinese corresponds
to a syllable in sound structure and a character in writing. Each stressed syllable
has a particular pitch pattern, which differentiates the meaning of a morpheme.
Instead of having extensive affixes, grammatical relations are indicated mainly by
word order and morpheme particles. Chinese is sometimes classified as monosyllabic
since the majority of morphemes, free or bound, are represented by single syllables
throughout stages of development (Norman, |1988). The majority of words, though,
are disyllabic in modern Chinese (P. C. Yip, 2000).

Chinese is often renowned for having the largest number of native speakers
in the world, although this estimate depends on how exactly ‘Chinese’ is defined.
Chinese is a language complex consisting of many disparate varieties. Beijing and
Shanghai, for example, in a well-conceived analogy drawn by Kratochvil (1968)) and
Chao (1968), may sound as divergent from each other as Portuguese from French in
Romance languages. Linguists categorised Chinese into, mostly seven to ten groups,
still with controversies. Yuan (1960) proposed seven groups: Mandarin (Northern),
Wu, Xiang, Gan, Hakka, Yue (Cantonese), and Min. Later, Jin (separated out from
Mandarin), Hui, and Ping were added to the list by Language Atlas of China (1987).
Figure specifies the ten groups of Chinese and the sub-groups of Mandarin and

Xiang, so as to reveal the genetic link between Standard Mandarin and Changsha.
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Source: Based on Matisoff (1991), Institute of Linguistics CASS et al. (2012), and
H. X. Bao and Chen (2005).

Figure 2.1: Standard Mandarin and Changsha in the Chinese language family. Other
nodes are not expanded.

The diverse Chinese varieties seem not to fit the common western perception
of the terms ‘language’ and ‘dialect’: a plethora of regional varieties, unified by
the common logographic writing system, are largely mutually unintelligible and
phonologically distinct. Chinese scholarship (e.g. Chao, |1968; Yiu, 2013) has
often adopted ‘dialects’” as the translation to the Chinese term fangydin (77 &)
when referring to these varieties, which involves considerations of deeply-ingrained
bonding history and culture of various speech communities, as well as a political
undertone of unity. DeFrancis (1986) coined a term ‘regionalects’ to describe those
mutually unintelligible varieties. This study chiefly adopts an all-encompassing
term ‘variety’ for members in the Chinese language family, highlighting the very
nature of variation and change.

Apart from the mosaic of Chinese varieties, up to 130 non-Chinese languages from

other language families, mainly spoken by the minorities, are officially recognised
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in China, according to the newly updated Language Atlas of China (Institute
of Linguistics CASS et al., 2012). Given the sheer linguistic diversity in the
vast territory, the practice of designating a standard language dates back to the
Western Zhou Dynasty, 1046-256 BC (Kurpaska, [2010), and has been exerting
influence on the evolution of languages. In Ming and Qing dynasties (1368-1912),
gudnhudﬂ7 literally the speech of officials or bureaucrats, was the standard language
to administer the empire.

At present, putonghud, ‘common tongue’, also known as Standard Chinese or
Standard Mandarin, has been declared as the common language of the People’s
Republic of China by lawﬂ since 2001, which is a continuation and consolidation
of its status as the national language since 1930s in the years of Republic of
China in Mainland Chinaﬁ. It is formed on the basis of Beijing Mandarin and
Northern (Mandarin) dialects, and its popularisation has been one of the main
goals of the Chinese language policy (Kurpaska, 2010). Standard Mandarin serving
as a domestic lingua franca indeed seems indispensable in an era of extreme
information and human mobility.

Legislation has enforced the use of Standard Mandarin in formal public domains
including government administration, media, and education. This highly codified
variety has thus been regarded as the esteemed tongue with high social prestige and
great career prospects. The availability of mass education has effectively added this
standard variety to the repertoire of a substantial proportion of the population which
hitherto may have only spoken the vernacular. Nowadays, Mandarin has gained wide
currency in China, where over 80%of the population speak Mandarin (E. Zhao &
Wu, [2020)). Most urban communities are at least diglossic, in which the majority of
young generations are native bilingualsﬂ of Standard Mandarin and their vernaculars
(J. Wu, 2015). In reality though, Mandarin in local operations is very likely to be

divergent, to greater or lesser extent, from the form used in the capital Beijing.

'In Qing dynasty guanhud referred to Manchu and imperial Mandarin.

2 Zhonghua Renmin Gongheguo Guojia Tongyong Yuyan Wenzi Fa (F 5 N RAEH0E E %508 H
BEXFE)  (PRC’s Law of Common Language and Writing)

31t was called Gudyu, ‘national language’, and this term is still used in Taiwan.

4Many have studied English through schools at an early age too.
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As Standard Mandarin progressively spreads under the vigorous policy in recent
years, it has been overshadowing local varieties in terms of social functions: the
use of the latter has been decreasing, especially among the young generations.
Discourses of endangerment of Chinese varieties have emerged (J. Zhang, 2014)
along with an increasing global concern over language death. Meanwhile, the
contact and interaction between Standard Mandarin and vernaculars leads to
language variation and change. New non-standard Mandarin varieties across various
regions are observed, among which Plastic Mandarin has become prominent and

evolved into a stable variety.

2.2 The City of Changsha and its Accents

Plastic Mandarin is mainly spoken in Changsha, Hunan Province, China. The
rise of Plastic Mandarin is concomitant with the rapid urbanisation and economic
growth of Changsha, and attributed to the Mandarin education and media. The
emergence of this new variety can be considered a case of language contact and
change in the context of a metropolis, and in this process the role of adolescents tend
to be central. Another example of such language variation is Multicultural London
English, although its development rooted in widespread migration and integration

of diverse ethnic and cultural backgrounds is very different from Plastic Mandarin.

2.2.1 Changsha, Hunan

Changsha is the capital of Hunan province, in the central-south of China (see the
map in Figure . Situated on the Xiang river valley plain, it is bounded by
mountains on the east, west and south, and borders Dongting lake on the north.
The Xiang River, one of the major tributaries of Yangtze river, runs from the
north to the south throughout Changsha.

Historically, Changsha has often been a regional centre for administration,
transportation, commerce, and culture. For example, it was the capital of Changsha
State in the Han Dynasty (206BC - 220AD), and the capital of Chu State (907 -

951) in Ten Kingdoms period. Nowadays covered by extensive bus and rail networks,
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Figure 2.2: The location of Changsha, Hunan Province, China.

waterways, and air travel, Changsha is well-known for its service sector, mechanical
engineering industry, as well as media and communications industry.

Changsha and another two bordered cities on the south Zhuzhou and Xiangtan
(also marked on Figure constitute the Greater Changsha Metropolitan Region
(also known as Chang-Zhu-Tan Megalopolis). Since 2009, the communications and
information networks of the three cities were integrated and the intercity high-
speed rail was built in 2016. To give a concrete example, it takes only 12 minutes
to arrive in Changsha from Xiangtan by the high-speed rail. These integration

policies have greatly extended the urban area in the three cities. Such metropolitan
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region is highly likely to lead language change, as urbanisation may create new
social-geographical space through reestablishment of communities and migration
flows. J. Zhang (2014) observes that China’s urbanisation process is geographically
unbalanced and mostly affects the Chinese-dialect-speaking regions.

Among a residential population of more than 10 million in Changsha in the
year of 2021, about 5.98 million live in the inner-city consisting of six districtsE] on
both banks of the Xiang river (Hunan Provincial Bureau of Statistics, [2021)). In
Changsha, the urban population has grown 42.71 % since 2010 (Changsha Statistics
Office, 2021). Changsha is the only city in Hunan Province that has positive net
migration rate over the years (Hunan Provincial Bureau of Statistics, 2017)), and
the great majority of migrants are from other regions within the province, thanks
to its impressive economic growth in recent years. In 2021, Changsha’s GDP was
1.3 trillion RMB (208 billion USD). A surge of migrants in the labour market yields
increasing complexity of the local linguistic repertoire, since there are numerous
linguistic varieties within Hunan, many of which are mutually unintelligible.

Apart from work and business opportunities, the high quality education and
medical resources of Changsha also attract migrants. Being the capital, it provides
the best education in the province. Many students, especially top students from other
cities or villages, move to Changsha to attend schools, where leading educational

resources are available in Mandarin.

2.2.2 Changsha Xiang, Standard Mandarin, and everything
in between

Changsha is the Chinese variety predominantly spoken in the city of Changsha and
it is not mutually intelligible with Standard Mandarin. As shown in the previous
tree diagram in Figure and the map of language groups in Figure Changsha
is affiliated with Chang-yi subgroup (H. X. Bao & Chen, 2005), also known as New

Xiang subgroup, under the Xiang group (Yuan, 1960).

5These are Furong district, Tianxin district, Yuelu district, Kaifu district, Yuhua district, and
Wangcheng district.
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The classification of language groups by dialectologists is mostly based on the
shared sets of phonetic, phonological, lexical, and syntactic features of modern
Chinese varieties in relation to Middle Chinese (circa AD600), the recorded historical
standard variety. Most Xiang varieties have non-aspirated stops and affricates
(Norman, [1988), among which the Chang-yi subgroup has only voiceless stops and
affricates as syllable onsets (H. X. Bao & Chen, [2005) because the voicing contrast
originally present in Middle Chinese has been lost.

From Figure we can see that greater linguistic heterogeneity is concentrated
in southern part of China, and Xiang is in the transitional zone between the
northern (Mandarin and Jin) and southern groups (Xiang, Gan, Hui, Wu, Min,
Hakka, Yue, and Ping). Three out of four sides of Xiang borders Mandarin, and
the other neighbour is Gan. Xiang, especially the Chang-yi subgroup in northern
Xiang area, is hence much influenced by Mandarin. According to Y. Wu (2005),
Xiang contains a melange of northern and southern features, as well as classical
and modern characteristics in terms of grammatical constructions. Since pitch
dynamics is most relevant to this study, the next section (§2.3.2) will provide a
more detailed introduction to the tones of Changsha.

Changsha, though, is not the only Chinese variety in the city. There are
other Chang-yi Xiang varieties such as Ningxiang spoken in Ningxiang in western
Changsha, and Liuyang spoken in Liuyang ﬁ in eastern Changsha. Liuyang is also
home to some Hakka speakers and Gan speakers. The integration of three cities in
the Greater Changsha Metropolitan Region, i.e. Changsha, Zhuzhou, and Xiangtan,
has also brought speakers of different Xiang varieties into Changsha.

Another Chinese variety in the city of Changsha is Standard Mandarin. While
Standard Mandarin is officially required in radios, television, films, lectures, formal
meetings, and other formal public situations, Changsha has been dominating the
communication of everyday life, and the local opera Huaguzi, the Flower Drum
Opera. In real practices, language use in formal and informal domains is not clear-

cut, and the level of Standard Mandarin proficiency of people in Changsha varies

SVarieties are named after the place. Both Ningxiang and Liuyang are county-level cities under
the administration of the prefecture-level city of Changsha.
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Source: Adapted from two source maps in Wikimedia Commons: https://commons
wikimedia.org/wiki/File:Map_of sinitic_languages full-en.svg and https://commons
wikimedia.org/wiki/File:Classification_ of Xiang 2005_ Bao.png(retrieved on 15 March
2018).

Figure 2.3: Geographical Distribution of Xiang Chinese and Chang-yi Xiang subgroup.
Different shades of grey colour indicate different language groups. Some major cities
are marked in black dots. The background map is cropped due to the size of the figure.
The overlaying map at the bottom left corner zooms into Hunan Province, on which the
shaded area roughly corresponds to Xiang region on the background map.
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greatly. Television programmes and series in Changsha or other Xiang varieties
are sometimes broadcast in Hunan Province, mainly through provincial television
channels. Non-standard Mandarin accents in Hunan, despite its occasional use
in the media, appears to be widely recognised across Mainland China. This is
probably due to the exposure from social media and from the nationwide Hunan
Satellite Television, which is currently the second most-watched channel in China,
second to CCTV1 by China Central Television.

The scope and definition of the categories of local varieties and accents can
be vague and vary in the literature. Y. Wu (2005 p. 22) identified three spoken
codes of Changsha dialect: Spoken Changsha, Reading Changsha, and Plastic
Mandarin. In her description, Spoken Changsha refers to Changsha used in normal
daily conversations, Reading Changsha preserves the conventional and literary
pronunciation for reading out aloud, dictating, or certain oral performances, and
Plastic Mandarin describes “a variety that combines the features of the local
Changsha dialect with the features of standard Mandarin”. This was one of the
very first appearances of the term ‘Plastic Mandarin’ in academic work to my
knowledge. Y. Wu (2005) emphasised that the most salient feature of Plastic
Mandarin pronunciation is the use of a more Standard Mandarin-like tonal system
with Changsha segmental phonology. It is worth mentioning that Y. Wu (2005)’s
definition of Plastic Mandarin is not adopted in this thesis. In my observation,
Plastic Mandarin now spoken by the young generations has evolved into a variety
that has a very similar segmental inventory to that of Standard Mandarin but
features distinct tonal patterns. Her categorisation of Spoken Changsha and Reading
Changsha highlights the important role of formality or mode of communication in
speech, and sheds light on considerate methods of elicitation in fieldwork.

The language situation on the Standard—vernacular dimension in the city of
Changsha can indeed be summarised as a spectrum of varieties blending elements of
Xiang vernaculars (mainly Changsha) and Standard Mandarin in varying degrees,
schematised in a continuum in Figure The interaction between Xiang vernaculars

and Standard Mandarin takes place on multiple layers of the language structure.



2. Background and Literature 27

(hybrids of all kinds)

Changsha
Xiang varieties <

Gon—standard segmental tier: Hunan-accented Mandarin
Non-standard tonal tier: Plastic Mandarin

Lexical/clausal tier: Code-mixing/switching

> Standard Mandarin
Non-standard Mandarin accents

Figure 2.4: Continuum of Oral Chinese Repertoire of Changsha Speakers.

On the individual level, an idiosyncratic speech may contain an eclectic mix
of Standard and vernacular characteristics in multiple tiers. Factors such as age,
education, and occupation largely determine the proficiency level of Standard
Mandarin spoken by Changsha speakers. The self-claimed Standard Mandarin
spoken by an average middle-aged Changsha speaker, for example, is highly likely
to fall within the middle ground of the continuum, while the elderly is highly likely
to speak a variant on the continuum close to the end of Changsha or even only
Changsha. It is typically a different case for the young generations, who have the
capacity of commanding a wider range of varieties on the continuum and acquired
a high level of Standard Mandarin due to their early exposure to omnipresent
Standard Mandarin and their Standard Mandarin education since kindergarten.
They can usually switch among speech styles or accents along the continuum.

On the group level, it is thus possible to identify and propose two broad
categories of non-standard Mandarin produced by Changsha speakers: Hunan-
accented Mandarin and Plastic Mandarin, depending on whether their accent
adopts Standard Mandarin tone patterns.

Hunan-accented Mandarin is characterised by Standard Mandarin tone patterns
in addition to perceptual and production differences in segmental phonology. For
example, some Changsha speakers are not perceptually sensitive to the distinction
between /s/ and /s/ in Mandarin, a non-native contrast in Xiang vernaculars
including Changsha, similar to the phenomenon that native Japanese speakers
hardly perceptually differentiate English /r/ and /1/. This is illustrated in two
Hunan-accented Mandarin examples [1] shi shéng and [2] di shu by a Changsha
speaker taken from a transcript in Y. Wu (2005, p. 29). The corresponding
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(1] i 4=
‘teacher(s) and student(s)’
sht shéng
Standard Mandarin / 52,1 soy| /
Changsha [sz1 son-]
Hunan-accented Mandarin [sz 1 son']

Plastic Mandarin  [sz1 son]

2] B
‘read book(s)’
di shu
Standard Mandarin  /tu su'l/
Changsha [tou gyH]
Hunan-accented Mandarin  [tu ¢y 1]
Plastic Mandarin  [tud gud]

Standard Mandarin, Changsha, and Plastic Mandarin pronunciations are provided
for comparisor{’] [1] and [2] demonstrate that the Changsha speaker employs either
alveolar fricative [s] or alveolo-palatal fricative [¢], the acoustically similar segments
that are available in vernacular Changsha, as alternatives to the retroflex fricative [g]
that exists in Standard Mandarin, whereas keeping the tones identical to Standard
Mandarin. Other Mandarin phoneme pairs including syllable onsets /n/-/1/, /ts/-
Jts/, Jts"/-/ts"/, /x/-/t/, and syllable coda /n/-/u/f| are often not distinguished
by these Changsha speakers. Hunan-accented Mandarin varies among speakers,
dependent on their levels of proficiency in Standard Mandarin. Current middle-aged
generations (born in the 1960s and 1970s) tend to speak such Hunan-accented
Mandarin from my observations.

Plastic Mandarin in this study, as introduced in §1.1, refers to the Mandarin
variety with distinct tonal patterns, spoken by the young generations who were

exposed to Standard Mandarin from an early age. It is also illustrated in the

"The transcription of Changsha and Plastic Mandarin equivalents was based on my pronuncia-
tion.
8The preceding vowel is often /i/ or /o/.
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previous examples [1] and [2], where the segments in Plastic Mandarin are the
same as those in Standard Mandarin but the tones differ. Some native Standard
Mandarin participants stated in our debriefing conversations that the frequent pitch
rises in Plastic Mandarin made it discernibly distinct from Standard Mandarin and
drew their attention to this accent. Plastic Mandarin can easily and systematically
adapts new words and expressions.

According to Trudgill (1986), the levelling mechanism, that is, the reduction or
attrition of differences between varieties, is omnipresent in the processes of dialect
contacts, and operates on both cross-dialectal and standard-dialect dimensions
(Hinskens, [1998). Both Hunan-accented Mandarin and Plastic Mandarin may be
considered as levelled forms, converging towards the standard variety in not only

lexical and syntactic domains, but also segmental and tonal domains.

2.3 Chinese Tones in the Past and Present

Chinese varieties vary considerably in their tonal system and most contain three
to ten contrastive tones. But first, what is a tone? In general terms, tone is the
linguistic use of pitch and voice quality in marking lexical items and the primary
acoustic correlate is the fundamental frequency (fy), the frequency of the vocal fold
vibration jointly determined by the subglottal pressure (Titze,|1989) and the tension
of the vocal folds. The term pitch in the field of speech perception often refers to
the perceived or subjective experience of the tonal height of a signal (Reetz, [1996).
In this thesis, pitch is mostly used interchangeably with the log-transformed f.

The tonal system of a Chinese variety consists of two parts: tone categories
and tone patterns. It is ambiguous when expressions such as ‘varieties X and Y
share the same tone’ are used, without specifying whether it is the tone category
(phonological grouping) or the tone pattern (phonetic realisation) or both that is
shared. Hence I would like to propose a bag-of-characters (or morphemes) metaphor
to facilitate our understanding of tonal systems and tonal processes. We can
conceive each tone category as a bag (set) of Chinese characters or morphemes, and

this is illustrated in Figure [2.5. Each bag usually features a unique pitch pattern,
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/T4

High Falling \
\‘ % g 5
'\ E’ iﬂl ﬁ....."
\, _z

e

Figure 2.5: The bag-of-characters/morphemes metaphor for a tonal system.

indicated by the label on the bag (e.g. high falling), and all characters within a
bag have the same pitch pattern. In tonal analysis, arbitrary numbers are often
assigned to each bag to index the set of morphemes, which are referred to as tone
category. Under this metaphor framework, tonal changes such as mergers and
splits can be represented as repacking the morphemes in decreasing or increasing
number of bags and removing or creating labels accordingly. Another type of tonal
change lies in the variation of the tone pattern of a specific set of morphemes and
can be represented as replacing the label for a bag, so that the citation tone of
all morphemes inside this bag is consistently changed. In the literature, when
two varieties have a shared tone category, it often means that each variety has a
bag in which the majority of the morphemes match those in the other. In other
words, the varieties contain a similar or identical set of morphemes in one of their
respective tone categories (bags). It is often the case that these two tone categories
evolved from the same historical tone category.

In addition to pitch pattern, phonation such as voicing, aspiration, creaky and
breathy voices may play a role in the tone category as well as the tone pattern. An
elementary knowledge of historical Chinese phonology is crucial to the understanding
of tonal systems in modern varieties, thus begins by introducing the tonal

categories established in Middle Chinese.
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2.3.1 Historical tonal category

It is well established in the historical linguistic literature that the tone systems
of modern-day Chinese varieties evolved from a four-by-two system, as shown in
Table [2.1], which has been employed as a reference frame that facilitates diachronic

and synchronic comparison.

Derived tones

Index Categories Translation
voiceless onset  voiced onset

(a) (b)

I ¥ ping ‘level’ yin ping ydng ping
II I shdang  ‘rising’ yin shang ydng shdang
I11 % qu ‘departing”  yin qu ydng qu
1Y ANER ‘entering’ yin ru yang T

Table 2.1: Summary of Middle Chinese tone categories.

The four primary tone categories (labelled in Roman numerals), ping (1), shang
(I1), qu (III), ru (IV), were from Middle Chinese, a historical Chinese variety
recorded in the landmark gieydn dictionary compiled in AD601 (E. G. Pulleyblank,
1991)). Several attempts such as Karlgren (1922), Tsu-lin (1970), and Ting (1996))
have been made to reconstruct the Middle Chinese tonal values, yet their results
were not in accord. Some properties of these historical tones can be inferred from
their classification. Except the ping or level tone (I), others (II to IV) are contour
tones and classified as ‘oblique tones’ (zé sheng). There is also the robust dichotomy
of ‘smooth’ or ‘checked’ syllables. The 7 or entering tone (IV) in Middle Chinese is
also called the ‘checked tone’ because it occurs exclusively with ‘checked syllables’
that end in an occlusive coda containing /p, t, k/, which are often not released
[p, t7, k'] or reduced to a glottal stop [?] (M. Y. Chen, 2000). The ru tone is
often regarded to be relatively short and abrupt in reconstruction (e.g. Ting, [1996).
Other tones (I to III) occur with ‘non-checked (smooth) syllables’ that are either
an open syllable or closed by a nasal stop (or possibly a non-glottalised sonorant

consonant) in Middle Chinese (M. Y. Chen, 2000). Such dichotomy is robust not
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only in Middle Chinese but across many other tone languages in Southeast Asia.
Nevertheless, checked syllables have been lost in many contemporary Mandarin
varieties including Standard Mandarin and Changsha.

In the field of tonogenesis, it is widely accepted that tonal contrasts most
commonly derive either from the loss of laryngeal segments such as [?] and [h] or
from phonation variation including voicing, aspiration, breathiness, and creakiness
(Hyman, 2018)). According to the theory of Haudricourt (1954)) and E. G. Pulleyblank
(1978), the Middle Chinese tone categories arise from different syllable structures in
Archaic Chinese. Middle Chinese tones have undergone assorted ‘splits” and ‘mergers’
in forming the modern varieties, normally conditioned on certain phonological
features at certain positions in a syllable. Many diachronic studies illuminate how
syllable structure and segmental features interact with tonal development (e.g.
Thurgood, 2002; E. G. Pulleyblank, 1991).

The most notable case is that the voicing contrast in the syllable onset leads
to tone splits. Each of the four primary tonal categories was first split into two
non-phonemic high-low registers, known as yin (a) and ydng (b) in the traditional
nomenclature, subsequently yielding the primitive eight-tone system in Table [2.1.
The yin register is associated with voiceless onsets and has a higher pitch than the
ydang register associated with the voiced counterpart. The partition into yin and
yang registers is highly likely to be phonetically motivated (Hombert et al., [1979)
and related to the intrinsic pitch variations of consonant onset pairs differentiated
by voicing. During the split, the categorisation of syllables with sonorant onsets
including nasals, liquids, and glides in the absence of their voiceless counterparts
and null-onset syllables is not as neat and clear-cut as syllables with obstruent
onsets, in that the former may pattern with voiced obstruents in the yang register
(e.g. Changsha), or with voiceless obstruents in the yin register (e.g. Standard
Mandarin). The categorisation of syllables with sonorant and null onsets vary across
tonal categories as well as different varieties. Subsequent voicing loss or devoicing of

the onsets in some varieties leads to phonemic register distinction (Norman, [1988).
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Major mergers in the development of many modern varieties involve ydng shdng
(tone IIb) splintered off from tone II and melded with tone III (e.g. in both Standard
Mandarin and Changsha), and the redistribution of ru (IV) tone, the checked tone,
such that the whole category IV disappears and its elements are merged with other

categories due to the weakening or loss of occlusive coda (e.g. in Standard Mandarin).

2.3.2 Tonal system of Standard Mandarin and Changsha
in literature

This section introduces the tone systems of Standard Mandarin and Changsha in
the literature, and summarises the correspondence relations between lexical tone
categories of Standard Mandarin and Changsha. While the tones of Standard
Mandarin are well-established and studied (e.g. Lee & Zee, |2003), the phonetic
description of Changsha tones is based on the seminal work of Firth and Rogers
(1937), Beijing University (1995), Y. Wu (2005), and H. X. Bao and Chen (2005).

Tables [2.2 and [2.3 display the tones of Standard Mandarin and Changsha
respectively. The phonetic description of tones adopts both the tone letters and
digits that were devised by (Chao, [1930), since this system has been extensively
used in the literature on tones of sinitic languages. In Chao (1930)’s numeric tone
stave system, the tonal range is idealised as a five-point scale on which 1 represents
the lowest pitch and 5 the highest, and the juxtaposition of digits from left to
right signals the tone contour: increasing digits such as 35 indicates rising tone and
decreasing digits such as 21 indicates falling tone. The tone categories of modern
Chinese varieties are labelled in Arabic numerals (column ‘Tone Index’) for easy

reference. These numbers are arbitrary but follow the convention in the literature.

2.3.2.1 Correspondence relations between lexical tone categories

In Tables and [2.3] the column ‘Historical Category’ traces the Middle Chinese
tone category from which the tone category of the modern variety evolves. This
indicates that the majority of morphemes in the modern tone category belong to
the corresponding historical category in Middle Chinese. The tone categories in

Changsha and Standard Mandarin that evolved from the same Middle Chinese
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) i Phonetic Description Example Phonology

Tone Historical

Index  Category Lee and Zee (2003) [mal Duanmu (2000a)
o : 1 ‘mother’

1 yin ping (1a) 155  high level 5k ‘wipe' H

2 ydng ping (Ib) 135  mid to high rising J# ‘hemp’ LH
_ . 4 214 low dipping . ,

3 yin shdang (I1a) 121 low falling 5 ‘horse L

4 qu (II1) \ 51  high falling % ‘scold’  HL

Table 2.2: Lexical tone system of Standard Mandarin.

Tone  Historical Phonetic Description Example

Index  Category R. Li (1998) [ma] (*[pa])  [i]

1 yin ping (1a) 433 mid level 3 ‘mother’ X ‘clothes’
2 ydng ping (Ib) 4 13 low to mid rising JFk ‘hemp’ B ‘aunt’

3 ymn shang (ITa) N 41 high falling L ‘horse’ B ‘ant’

4 yim qu (I11a) 745 high rising TH* ‘fear’ = ‘meaning’
5 ydng qu (IIIb)  d 21 low falling 4 ‘scold’ 5 ‘easy’

6 ru (IV) 424 mid rising R ‘wipe’ — ‘one’

Table 2.3: Lexical tone system of Changsha.

category are largely labelled with the same number to indicate their connection. For
instance, Tone 2 in Standard Mandarin and Tone 2 in Changsha are both evolved
from the ydng ping (Ib) category of Middle Chinese.

Each tone type in Standard Mandarin is demonstrated with at least one [ma]
syllable. An equivalent set of [ma] syllables is also included in Changsha as examples,
though [ma] in Tone 4 is not available. An extra set of [i] syllables is, therefore,
included. The tonotactic gap in the [ma] set reflects that Changsha evolved from
the ‘register distinction’ of ¢u (IIT) tone in Middle Chinese. In other words, Tone 4
in Changsha usually co-occur with syllables with a voiceless obstruent onsets. In

Table [pha] with a voiceless bilabial stop onset is employed instead to illustrate
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Standard Mandarin Changsha

Figure 2.6: Correspondence relation between the lexical tone categories of Standard
Mandarin and Changsha.

Standard Mandarin Middle Chinese Changsha
Ia 133
T
155 Ib
4137
ITa
135 b T 417
by
IIIa ¢ > T4
4214 < > 145
I b 1217
\51 g
v 124

Figure 2.7: Historical correspondence relation between the lexical tone categories of
Standard Mandarin and Changsha through Middle Chinese.

the yin qu (IIla) tone in Changsha. In Standard Mandarin, Tone 3 has two variants
without considering tone sandhi: a full form 4 and a reduced form J, although the
full form is the prescriptive form in textbooks. The full form is typically reduced to a
low falling tone without the rising tail in non-utterance-final positions (Chao, [1968).

The morphemes ‘wipe’ ($X) and ‘mother’ ({&) are affiliated with different tones
in Changsha (T6 and T1 in Table yet the same tone in Standard Mandarin
(T1 in Table2.2). In fact, the correspondence relation between the lexical tones
of Standard Mandarin and Changsha is complicated, as schematised in Figure [2.6]
Characters or morphemes in the Tone 4 category [\] in Standard Mandarin, for

instance, may bear Tone 4 [1], Tone 5 [J], or Tone 6 [1] in Changsha.
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Standard Mandarin Middle Chinese Changsha
1 55% 1 35% ping (I) 433%, 4 137
A 2149\ 5190 shang (II) \ 412, ] 219k
\ 518/ qu (I11) 1 45% 1 2100
15599, 1 3599, A 21499\ 5149 ru (IV) 4 2474

® Phonemic register split of tone I and II
b Tone IIb merges with tone III
¢ Devoicing and, in some cases, aspiration of voiced obstruents

4 Loss of obstruent codas

¢ Sonorant onsets in tone II h Sonorant onsets in tone II, III
pattern with voiceless pattern with voiced obstruents
obstruents as Ila as IIb, I1Ib

 Tone III remains as a single i Register split of tone I11

cohesive tonal category

7 Tone IV remains as a single
cohesive tonal ctageory with

a distinctive tone contour

9 Redistribution of tone IV
among other tonal categories

Source: Y. Wu, [2005, p.30; M. Y. Chen, 1976, 2000

Table 2.4: Historical processes in the development of tones of Standard Mandarin and
Changsha. Each superscript notates the corresponding historical process, among which a,
b, ¢, d are common processes for both varieties and the remaining letters indicate distinct
processes related to the development of Standard Mandarin (e, f, g) and Changsha (h, i,
j) respectively.

The seemingly arbitrary synchronic correspondence patterns between the tones
of Standard Mandarin and Changsha can be better understood from a diachronic
perspective. Figure[2.7|illustrates the correspondence between the tonal categories of
Middle Chinese (Table and modern tones of Standard Mandarin and Changsha
(Tables 2.2 and [2.3). The correspondence relation to their common ancestor Middle
Chinese entails the divergent processes of tonal change in the development of
Standard Mandarin and Changsha. For example, ‘wipe’ (3K) originally in the ru
(IV) tone category of Middle Chinese acquired a distinctive tone contour because

tone IV evolved into Tone 6 in Changsha, whereas in Standard Mandarin it was
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redistributed to Tone 1, the category evolved from yin ping (Ia), and acquired
the high level tone, homophonous to ‘mother’ (1), because the entire ru (IV)
tone disappeared in Standard Mandarin.

Table [2.4 summarises the major historical processes involved in forming the
tone system of Standard Mandarin and Changsha. Such mapping of historical tone
categories and paths of tonal changes across related language varieties has been a
fruitful method in defining and structuring dialect groups (Ratliff, |2015)). It also

enables us to predict what morphemes may pattern together.

2.3.3 Representations of citation tones

Despite the flexibility and practical convenience, Chao’s tone system has its
weaknesses including lack of precision. The distinction of one degree (e.g. 44
and 55) is usually not significant and the choice of five levels was not based on
any phonological principles, which makes it lie in a dubious status between a
phonetic system or a phonemic one (Duanmu, 2007). In Table , a phonological
representation of Standard Mandarin citation tones (Duanmu, [2000a)) is also
included, in which four pitch patterns are represented by two tone levels, H (high)
and L (low), and their combinations. Analyses of tone feature system were, for
the most part, based on autosegmental framework (Goldsmith, 1976), representing
tonal features in parallel to the tier of phonological segments, mediated through
a tier of tone-bearing units, often syllables or moras.

In Duanmu (2000a)’s model of Standard Mandarin, each tone also has a register
feature (e.g. [+mur]) in addition to a pitch feature (e.g. L). Such register system
was first proposed in M. Yip (1980)), with two tonal features, Register [+ Upper| and
Tone [+ high], and subsequently modified by a number of tonal geometry models
such as D. G. Pulleyblank (1986), Hyman (1993), Z. Bao (1999), apart from Duanmu
(2000a). The definition of ‘register’, however, varies from one model to another. For
example, Register in M. Yip (1980) divided the pitch range into two halves, while in

Z. Bao (1999)) and Duanmu (2000a) it denoted articulartory mechanisms: the former
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o ¢)
[+ Ulpper] (|5 ”L },1/\;,1
/N .
G [+ Upper] Register  Contour [ 1 [+ Upper]
2\ /N VAN
L H L H [+Upper] L H L
(2) (b) © (d)

Source: Adapted from M. Yip (2002, pp. 52-53) and J. Wang (1997, p. 165)

Figure 2.8: Feature geometry models of a high rising tone. (a) no Tonal Node dominating
Register and Tone features, e.g. M. Yip (1980); (b) Register feature is the Tonal Node,
dominating the Tone features, e.g. M. Yip (1989); (c) Tone features are dominated by
a node, which is a sister to the Register feature, and both are dominated by a Tonal
Node (T), e.g. Z. Bao (1999)); (d) Each half of the contour tone is independent, the tone
bearing unit is mora u, Register dominates Tone features, and empty brackets indicate
underspecification, e.g. J. Wang (1997).

adopted [ stiff] as register features to indicate overall tension of vocal folds and the
latter used [+ mur]| to capture murmur or breathiness related to slack vocal folds.

The structural relation between Register and Tone also diverges in these models:
Register dominates Tone (e.g. M. Yip, |1980; Hyman, 1993) or Register and Tone
are sister nodes (e.g. Duanmu, [2007; Z. Bao, [1999). Figure illustrates a few
feature geometry models of a high rising tone. M. Yip (2002) argues that model (c)
can better account for tonal spreading at three levels including register spreading,
contour spreading, and whole tone spreading or copying. J. Wang (1997) follows
the underspecification theory (see Kiparsky, 1982; Lahiri and Reetz, 2008) and
incorporates the default values [—Upper] and H proposed by D. G. Pulleyblank
(1986) into her tonal model of Standard Mandarin in underlying representation. As
shown in (d), only [+Upper] and L are specified. One implication of J. Wang (1997)’s
proposal is that for Tone 3 in Standard Mandarin, the low tone with L L Tone
features, the dominating Register tier is entirely underspecified. Yet neurolinguistic
studies including Event-related potential studies have offered controversial findings

regarding the underspecification of Tone 3 (see Politzer-Ahles et al., 2016; Chien
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et al., [2021; Y. Zhang, 2022). The underlying representation of Tone 3 also varies
in the models in terms of whether the rising tail is part of the representation.
There are, however, still phonetic patterns which these register systems failed to
accurately characterise such as mid tones (see discussion in M. Yip, [2001). Many
models were built based on the four lexical tones of Standard Mandarin, which
has a relatively simple tone system compared to other Southern Chinese varieties.
The binary tone levels alone are not adequate to represent complex tonal systems,
especially those with more than four tones or three discrete tone heights. In addition,
tones with the same featural representation cross-linguistically may be perceptually
very different. For example, the high rising tone in Standard Mandarin (Tone 2) and
the high rising tone in Changsha (Tone 4) differ greatly in the fy pattern, which will
be evident in Chapter (3] There is also analysis of tones under Optimality Theory (see
M. Yip, 2002) including an instantiation of Dispersion Theory (Flemming, [1995]).
While H and L are often regarded as pitch targets in phonetic implementation,
Y. Xu and Wang (2001) proposes dynamic pitch targets with linear movement
specification including Rising and Falling for Standard Mandarin, based on acoustic
evidence in the shape of fy contours in tonal coarticulation. In fact, the citation
form of a syllable is highly likely to be distinguished from its forms in connected

speech. This leads to our next section about tones in various contexts.

2.4 Tones in Contexts

While is dedicated to the citation tones of monosyllables, this section focuses
on tonal patterns in connected speech. Connected speech refers to a natural
stream of continuous speech consisting of a sequence of syllables (tones), usually
characterised by various features including interaction between adjacent tones. The
surface fy realisation of connected Mandarin speech is never as straightforward
as concatenating contours of the corresponding citation tones (Kochanski et al.,
2003). The tone pattern of a syllable embedded in larger units may be drastically

different from its monosyllabic citation form (see Kochanski et al., 2003/ for Standard
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yi4 yi4 mu 4 jiang 4
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(a) T4 yi ‘meaning’ (b) Trisyllabic phrase yi mu jiang ‘Carpenter Yi’

Figure 2.9: fy contours of Tone 4 morphemes in Plastic Mandarin by the same speaker.

Mandarin examples). This phenomenon is illustrated in Figure with Plastic
Mandarin data from my MPhil study (C. Xu, 2018).

Figure (b) shows the f; contour of a trisyllabic phrase consisting of three
consecutive Tone 4 syllables yi mu jiang (‘Carpenter Yi’) in the utterance-initial
focus position, spoken by a sixteen-year-old male speaker. Figure @ (a) presents
the fy contour of Tone 4 yi (‘meaning’) in its citation form, produced by the same
speaker. No fy curves of the Tone 4 syllables in the trisyllabic phrase are the
same as the reference citation contour, which has a steep rise to around 430 Hz.
Conversely, they have much reduced pitch range, up to about 230 Hz. Only the
second syllable mu in focus has a relatively large f; rise resembling the citation
contour, and the T4 syllable jiang even has a falling pattern.

If the fy curve of every Tone 4 syllable in the trisyllabic phrase was replaced
with the one shown in (a), then there would be a big jump at both boundaries
of the middle syllable: from around 430 Hz to 200 Hz. Such a sharp transition is
difficult and rare in speech due to physical constraints of the human articulatory
apparatus. Y. Xu (2009, p. 908) refers to ‘aspects of timing that are obliged
by articulatory mechanisms’ as ‘obligatory timing’, such as minimum duration of
articulatory movements, which constraints how fast the pitch can change. Another
physical consideration concerns the economy of effort and energy conservation

(Lindblom, [1990) such that speakers minimise muscle force as long as the output
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is perceivable. Continuous f; change in speech should, therefore, be smooth and
physically reasonable (Kochanski et al., [2003).

This phenomenon of varied surface pitch realisation has become a site of inte-
grated research involving biomechanical aspects of speech production, phonological
aspects of the language, and informational structural aspects in the communica-
tion. Especially in total languages, pitch contours are of extreme importance in
distinguishing otherwise identical morphemes. The following section reviews

sources and effects of tonal variation in the literature.

2.4.1 Coarticulation, tone sandhi, and intonation

The citation tone contours or some properties thereof such as the pitch height of
turning points have usually been conceived as the underlying tonal templates or
targets, whose surface realisation is partially modulated by physiological constraints.
The constraint that limits fy’s rate of change makes tone contours sensitive to the
local tonal context (the preceding and succeeding tones). In fact, adjacent tones have
been identified as one of the major sources of influence on tonal variation (X. S. Shen,
1990; Kochanski and Shih, 2000; Kochanski et al., [2003). This intrinsic effect of
speech production, however, is not sufficient to explain the preferred patterns
in the surface variation of a language. There is language-specific arbitrariness
in the directionality and magnitude of coarticulatory tonal effects (e.g. Potisuk
et al., [1997; Y. Xu, [1997)), parallel to the cross-linguistic differences in segmental
coarticulation (Keating & Cohn, |1988]).

2.4.1.1 Tonal coarticulation

Shih (1988) undertook a comprehensive study of disyllabic expressions in Standard
Mandarin and came up with three tonal coarticulation rules: first, the high falling
Tone 4 ends in the mid-range rather than the low target of the baseline of the pitch
range when it is in non-utterance-final positions; second, the mid rising Tone 2
does not reach its high target when preceding a high tone (Tone 1 or Tone 4); and

third, the low mid beginning of the low falling variant of Tone 3 assimilates to a
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(a) carryover (b) split (c) anticipatory

Source: Flemming, 2007

Figure 2.10: Schematic illustration of possible timing patterns of tonal coarticulation.
The vertical bar in the middle represents the syllable boundary.

preceding high target. These three rules are in fact all assimilatory effects when
tones are connected. Y. Xu (1997)) also studied disyllabic sequences in Standard
Mandarin, and further specified that the assimilatory effect is asymmetric in timing
such that the transition to the next tone usually does not start until the onset of
the next syllable, whose initial fy may have a large excursion away from its target.
A substantial portion of the next syllable, as much as two thirds or more, is thus
dedicated to the coarticulatory variation. Such f; pattern reflects the carryover or
perseverative effect of the preceding tone, which is illustrated in (a) of Figure ,
where three types of possible timing patterns are schematised. Anticipatory effect of
the succeeding tone is also reported in Standard Mandarin, although it is more subtle
than the carryover effect. It can be dissimilatory in nature, manifested by a low
onset tone target raising the maximum f, value of the preceding tone (Y. Xu, [1997).

The predominance of carryover coarticulation tends to be common across tonal
languages in south-east Asia such as Cantonese (Y. Li et al., 2004), Thai (Potisuk
et al., 1997), and Vietnamese (Brunelle, 2003). Flemming (2007) noticed that the
predominant rightward coarticulation in Asian tonal languages is analogous to the
rightward bias in phonological tone spreading in African tonal languages (Hyman,
2007) demonstrated in (1), where H and L indicate high and low tones respectively,

)

HL/LH indicates contour tones, and ‘ . ’ indicates syllable boundary.

(1) a. (natural) L.H — L.LH; H.L - H.HL

b. (unnatural) L.H — LH.H; H.LL — HL.L
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The perseverative tone spread, shown in ), is extremely common or ‘natural’ in
Hyman’s terms. Hyman (2007) offered a perspective of phonologisation of carryover
coarticulation to account for the rightward bias in tone spreading. Flemming (2007)
adopted the approach of constraints prioritisation in optimality theory and proposed
that both tone spreading and coarticulation are shaped by the same articulatory

and perceptually-motivated faithfulness constraints.

2.4.1.2 Tone sandhi and tone stability

The varied surface realisation of tones in connected speech in many Chinese varieties
may result from tone sandhi, a consistent tonal alternation triggered by phonological
or morphosyntactic environments (M. Y. Chen, 2000). The classic Tone 3 sandhi
rule in Standard Mandarin, for instance, turns T3, the low dipping tone (/4/

or /d/), into a rising tone T2 ([1]) when preceding another T3.
2) T3—>T2/ T3

Compared to progressive tone spreading or coarticulation, the anticipatory tonal
variation of T3 is less predictable from the neighbouring tones but follows a rule or
pattern that governs how the tone changes based on its position in a word or phrase.

Changsha tone sandhi is understudied and whether there is tone sandhi in this
variety has been controversial. While X. S. Shen (1991) claimed that no tone
sandhi occurs in Changsha, H. Lin (2011]) proposed that Changsha exhibits complex
bi-directional sandhi patterns, conditioned on the morphosyntactic structure of the
word or phrase. The reported tonal phenomena in Changsha were later analysed as
a result of the interaction of stress and tone by M. Zhang (2023).

Segmental ellipsis and autosegmental tone stability can also lead to tonal
variation. As demonstrated in in Cantonese, the high tone target of the deleted
syllable [jat"] docks on the preceding vowel to form a rising tone (M. Y. Chen, [2000).

(3) si yat st — si i

st jat” s1]  [st s

MH M MHM
‘Give it a try’
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2.4.1.3 Downtrends

Pitch lowering in the course of an utterance is a ubiquitous phenomenon cross-
linguistically. A theory-neutral term ‘downtrend’ (Pierrehumbert, 1988, p. 57)
is adopted to describe the general f, decrease that may result from various
effects. This section briefly introduces three downtrends: downstep, declination,
and final lowering.

Downstep or catathesis, usually refers to the lowering of a high tone to the right
of a sequence of a high tone and a low tone (H-L), which has been observed in many
languages such as Kikuyu (Clements & Ford, 1979), English (Pierrehumbert, 1980)),
Japanese (Poser, |1984), Mandarin (Shih, [1988), and Yoruba (Laniran & Clements,
2003), among others. Different from the L-to-H carryover coarticulation that usually
gives rise to an initial f decline, downstep lowers the ceiling of the following H tone,
and results in a stepwise descending of H tones in sequences of alternating H and L
tones where downstep can be applied in a chain. Pierrehumbert (1988) emphasised
that in Japanese and English not any H-L sequence induces downstep, but those
in particular structural position such as the accent HL in Japanese and the HL
in a single pitch accent in English. Downstep, therefore, is ‘a local phonologically
controlled modification of pitch range’ (Pierrehumbert, (1988, p. 57).

In Shih (1988)’s production experiment of Standard Mandarin, four five-syllable
sequences in the format of alternating two tones HLHLH were adopted to examine
the downstep. All the H targets in the sequence were Tone 1 (1), while the
intervening L positions were filled with the one of the four tones. The average f
of the high level tones in a sequence was measured. This revealed that all other
three contour tones triggered the downstep effect, and the Tone 3 variant ({) with
lowest pitch level in the L positions led to the greatest downstep effect. In addition,
Shih’s data showed that the downstep effect of the final H syllable in the sequence
was smaller than that of the medial H syllable. Such decrease of the downstep
effect over an utterance was also observed in English, and modelled as a decaying
exponential function by Liberman and Pierrehumbert (1984). Downstep was also

observed in Plastic Mandarin and interacted with focal prominence (C. Xu, 2018).
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Declination is another source of downtrend with smaller magnitude yet in larger
domain — the f; gradually drifts downward in the course of an utterance, and
this is not phonologically triggered (Liberman & Pierrehumbert, [1984). There is
also evidence in the literature of perceptual compensation for such a downtrend
(Pierrehumbert, (1979). Some contested the existence of such a residue global
downtrend when downstep effects are factored out. To resolve the potential confound
of downstep, Shih (2000) made use of sequences of Mandarin high level tones where
no downstep was triggered to study delineation. She identified and modelled the
declination effect as an exponential decay.

The third source of downtrend, final lowering or terminal fall, is a consis-
tent phonetic process associated with the boundary of a declarative utterance
cross-linguistically, often accompanied by lengthening. Lieberman (1967) offered
physiological explanations including the reduction of subglottal pressure. It is
often analysed as a low boundary tone marking the finality of an intonation

unit (Pierrehumbert, [1980).

2.4.1.4 Focus

In the Plastic Mandarin trisyllabic example of T4 syllables in Figure only the
medial syllable mu among the others has a resembling shape of its citation form.
In fact, mu was in focus, and was the new information in the discourse.

Focus is the discourse function that highlights a piece of information against the
shared information (Y. Xu & Xu, 2005) and this prominent information is often
manifested through prosodic variations including fy. In Cooper et al. (1985)’s work
on English, the focused word in sentence-initial and sentence-medial positions had
a durational increase of 40% and the fy peaks of post-focus words were significantly
lowered. When the focus was sentence-final, the acoustic cues of focus were less
prominent. This suggests that the focus effect interacts with the position of the
focused unit in a utterance. According to Y. Xu and Xu (2005), the on-focus
stressed syllables in English had expanded pitch range, the post-focus syllables had

reduced pitch range, and the pre-focus syllables had normal pitch range.
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Post-focus effects in Standard Mandarin were ‘multifaceted manifestations of the
weak implementation of post-focus tonal targets’ (Y. Chen, 2010, p. 524). Y. Chen
(2010) indicated that the degree of distinctiveness of post-focus lexical tones was
reduced severely when the focused tone was high. On the contrary, lexical tones
of syllables under emphasis in Standard Mandarin were produced with enhanced
distinctiveness (Y. Chen & Gussenhoven, [2008)), reflected roughly through fy range
expansion, duration increase, or other adjustments depending on the tone type.

Under the circumstance of emphasis, fy contours were generally very informative.

2.4.2 Speech models of variable tone patterns

Quantitative methods have been increasingly prevalent in linguistic pitch studies
over the past decades. Quantitative modelling of the fundamental frequency
enriches our understanding of prosodic phenomena by testing explicit theoretical
postulations and using standard mathematical methods as the toolkit. Previous
approaches in general can be divided into two categories according to Prom-on et al.
(2009), those that model fy contours directly and those that simulate underlying
mechanisms of fy production.

The former includes, for instance, Pierrehumbert (1981) that used linear and
sagging functions as transition functions to connect target f, values, Hirst and
Espesser (1993) that interpolated the target f, points with quadratic spline functions,
Taylor (2000))’s tilt model that produced fj through continuous parameters to control
local fj rise-fall shapes in intonational events of pitch accents and boundary tones,
and Ni et al. (2006))’s constrained tone transformation technique that superimposed
global intonation on local tone shapes whose tonal targets were connected by
truncated second-order response functions. The more recent work by Hadjipantelis
et al. (2012) built well-formed f prototypes of Mandarin tones through functional
principal component analysis (FPCA) and linear mixed effect (LME) modelling.
As it employs an entirely acoustic approach to the representation of tone, the

phonological interpretability seems limited. The major strength is that the linguistic
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effects of neighbouring tones, consonants, vowels, and breaks were manipulated
in their comprehensive LME model.

The various models in the first category can produce satisfying synthetic fy
contours; however, they hardly differentiate ‘surface patterns that carry intended
information from those that are due to articulatory mechanisms’ (Prom-on et al.,
2009, p. 406). The second category, therefore, mostly incorporated articulation-
related model components and are physically motivated. Three intonational
models on Standard Mandarin in the spirit of analysis-by-synthesis are introduced
below. Kochanski and Shih’s Soft Template Mark-Up Language (Stem-ML) model
(200052003) made use of ‘soft template’ modulated by a set of mathematically defined
tags for tone shapes, compromising between articulation effort and communication
accuracy. The balance was accounted for by the parameter of ‘prosodic strength’ at
word level. The Command Response (CR) model by Fujisaki (Fujisaki et al., 2005)
simulated the control mechanisms of relevant muscles. Xu'’s Parallel Encoding and
Target Approximation (PENTA) model (2005;2009) was acoustically motivated,
which conceptualised fj realisation as approximating local pitch targets in syllable-
bound time structure. On the whole, these models successfully captured variations
of the same phonemes in varied prosodic contexts, although these approaches had
different predetermined assumptions about fy production involving the working
mode of muscle groups and the directionality of fy smoothing (or the symmetricity
of tonal coarticulation).

The thesis falls into the first category and will model f, contours using standard
mathematical methods. The following section delves into another phenomenon

associated with tones in connected speech in many Chinese varieties, neutral tone.

2.5 Neutral Tone

Apart from the categories of four lexical tones in Mandarin Chinese as introduced
in Table 2.2 some syllables tend to be light, short, and do not carry any of the four
tones. These are traditionally referred to as ging sheng (literally, ‘light or soft tone’)

or neutral tone syllables (Chao, [1968)). While the name ‘light tone’ describes the
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articulation — these syllables are said to be pronounced softly with less intensity
(Hu & Xu, 1995), the term ‘neutral tone’ reflects Chao’s view of the neutralisation
of contrasts among lexical tones in unstressed positions. This section introduces
and reviews descriptions and discussions of neutral tone, although the majority of

the research on neutral tone was based on Standard Mandarin.

2.5.1 Properties of neutral tone syllables

As the seminal work on word-prosodic typology by Hyman (2006) suggested, both
tone and stress may co-occur in languages. Stress, however, is defined varyingly
in different phonological theories and realised differently across various languages.
Despite being known as tone languages, both Standard Mandarin and Changsha
also display stress-like phenomena, where certain syllables are more prominent than
others in an utterance. Some scholars proposed that they have a stress system (see
Duanmu (2000b) and H. Lin (2000)) for Standard Mandarin and M. Zhang (2023))
for Changsha), and the presence of neutral tone has been a crucial piece of evidence
for stress. It has been well established that neutral tone syllables show how stress

plays a role in Mandarin, in that they are always unstressed with reduced duration,

loudness, and vowel contrasts (Chao, 1968; Shih, 1987; M. Yip, 2002).
2.5.1.1 Vowel, duration, and pitch patterns

Two examples below demonstrate the centralised vowel of a syllable when it becomes
a neutral tone syllable in the unstressed position in a disyllabic word: in (4p), the
back mid unrounded /v/ is realised as a mid-central vowel [o]; in (4p), an example
from Duanmu (2017), the velar nasal is dropped, nasally coarticulated with the vowel,
and a back low unrounded /a/ is realised as a mid-central vowel [o]. Moreover, the
vowel can even be deleted, as in (4f¢). The four lexical tones in Standard Mandarin
are, therefore, sometimes regarded as full tones (e.g. in Y. Chen and Xu, [2006; Tang
et al., |2017), while neutral tone being the reduced tone. The degree of reduction
tends to depend on the speaking rate, formality, focus, emphasis, and so on. In line

with the Pinyinﬂ transcription of Standard Mandarin in the dictionary (Institute

9The official romanisation system for Standard Mandarin in Mainland China.
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of Linguistics CASS, [2016)), no diacritics denoting tones are assigned for neutral
tone syllables (in bold) here. Apart from the vowel centralisation or deletion and
nasal coda deletion, some voiceless onsets, especially voiceless unaspirated affricates,

in neutral tone syllables may be voiced (Cao, 1986)).

(4) a. gé¢ /ky\/ cL zhége X [tser\ ko] ‘this one’
b.  fang /fay1/ ‘direction’ difang HJ7 [ti\ 5]  ‘place’

c. fu [fud/ ‘rotten’  doufu EJF [tovfN] ‘bean curd’

In terms of duration, M. Lin and Yan (1980) reported that the duration of a
neutral tone syllable was about half of the duration of the same syllable in lexical
tone at the same position in disyllabic phrases. It was approximately 60% (Cao,
1986)) or varying from 33% to 60% (Jing, |2002) of the duration of the preceding
lexical tone syllable. The latter two studies also found that the intensity of neutral
tone syllables is not always lower than that of lexical tone syllables.

Neutral tone has also been considered as a contextual tone (M. Yip, 2002)
with varied and predictable pitch realisations. It never occurs in initial positions,
mostly enclitically, and its pitch patterns tend to depend heavily on the preceding
syllables (Chao, 1968; M. Y. Chen, 2000; M. Yip, 2002). The phonetic description
of neutral tone in Standard Mandarin, however, is not consistent across different
studies. Table [2.5 presents the findings of four influential studies amongst many
others (e.g. Dreher and Lee, [1968; M. Lin and Yan, 1980): two impressionistic
descriptions of the pitch value of neutral tone by Chao (1968) and M. Y. Chen
(2000); and two acoustic analyses by Shih (1987) and Lee and Zee (2008). While
the impressionistic studies only reported one pitch value of neutral tone in different
contexts, the acoustic studies included the pitch movement details. Although their
conclusions collide over the phonetic details, one common characteristic is that
neutral tone in Standard Mandarin is falling or overall lower than the offset of the
preceding tone when preceded by H, LH, HL tones, but rising or higher than the
offset of the preceding tone when preceded by the L (T3) tone.
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Preceding Neutral tone
tone
Chao, [1968 | Shih, (1987 Chen, 2000 | Lee and Zee, |2008
1H /1/ halflow starts high, then falls mid mid falling

starts high, then falls,
but not as low as after H
3L /4/ half-high starts fairly low, then rises | half-high mid-level

starts fairly low,
and falls even lower

2LH /1/ mid mid high falling

4 HL N/ low low low falling

Table 2.5: Phonetic descriptions of neutral tones in four previous studies.

2.5.1.2 Occurrence, obligatoriness, and functions

A small and limited number of grammatical morphemes including suffixes and
particles are the typical examples of syllables bearing neutral tone. These include
the nominaliser or possessive/genitive particle de [to], the perfective or inchoative
particle le [Io], the classifier particle ge [ko], the diminutive suffix zi [tsz], and so on.
Some are obligatory instances of neutral tone, de for example, because they are not
assigned to any canonical lexical tone category. Their lexical tone category may
be traced back diachronically (H. Lin, 2006). Table 2 lists a few more examples
of morphemes with neutral tone, in which the sub-categories of suffix in the table
are not exhaustive. Sometimes personal pronouns served as an object such as ta
[tha] ‘him/her’ can be neutral tone syllables (Hu & Xu, [1995).

Neutral tones are also found in the second syllable of disyllabic reduplicated words
such as kinship terms, and often, of some disyllabic compound nouns such as /po’l
li/ or verb compounds such as /kwo\ lai/ in Table These syllables in isolation
do keep their lexical tones, as in Example . In these cases the neutral tone may
not be obligatory and the meaning of a word may not change even when the neutral
tone pronunciation is replaced by its corresponding full lexical tone pronunciation.
For example, Institute of Linguistics CASS (2016] p. 865) prescribes that the second
syllable for ‘mom’ ma-ma is a neutral tone syllable. Yet if a child is calling ma-ma

with the second syllable being Tone 1, it is still intelligible and acceptable.
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Lexical tone

Type Example Productivity Counterpart
Possessive da de  /ta\ to/ KEJ  ‘big’ Productive
Tense/Aspect  ldi le Jlar! 1o/ KT ‘came’  Productive
Suffix Interogative  zou ma /zovd ma/ FEMG ‘go?’ Productive
Classifier YT ge /i1 ka/ —/> ‘one cL” Productive Jk¥\/
Noun suffix yi 21 /il tsz/ ¥ ‘chair’  Lexicalised Jtszd/
Reduplicative ma ma /malma/ G ‘mom’  Lexicalised /mal/
Compound Lexeme guo lai  /kwo\ lar/ 1d2E  ‘cross’  Productive /lar1/
bo li /polli/ BYIE  ‘glass’  Lexicalised J1i1/

Source: Adapted from Tang et al. (2019)

Table 2.6: Classification of Mandarin neutral tone syllables with examples.

Dictionaries usually mark neutral tone syllables and whether they are optional.
Examples (Bp) and (Bp) are two instances of optional neutral tone syllables, and both
pronunciations listed for the same words are acceptable. Dictionaries, however, can
be inconsistent about the neutral tone status of syllables in some words (K. Zhang,
1998)), and the same dictionary may change the neutral tone marking in newer
editions (Ma and Wang, 2015; Y. Lin and Li, 2017). There is some arbitrariness or
lexical idiosyncrasy about tonal reduction or neutral tones. Each pair of words in (bc)
and ), for instance, has the same morphological structure with a shared morpheme
(i.e./ ldo ‘old” and gua ‘melon or gourd’), but the second syllable in only one word is
pronounced as a neutral tone syllable by some speakers and never in the other word.

(5) a.  tiliang U /thd ljag\/  ‘be considerate’
ti liang UR /t2id ljay/
Source: X. Chen (2004, p. 114)
b.  tud dang #3 /tPwod tap\/ ‘properly’
tuo dang %3 /t"wod tay/
Source: Institute of Linguistics CASS (2016, p. 1338)
c.  ldo shi ZZ& /lav! sud/ ‘rat’
ldo hu % /lavl xu/  ‘tiger’
Source: M. Y. Chen (2000, p. 385)
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d. ndn gua  FEJI\ /nan1 kwal/ ‘pumpkin’
hudng gua N /xwan! kwa/ ‘cucumber’

Source: X. Chen (2004, p. 118)

While neutral tone can serve as an allophonic variant to a full tone in some
words, it leads to phonemic distinctions in others. In @, five minimal pairs are
shown as examples. The internal word structure differs between each pair. In (6a),
qi z1 is a compound word in which the low-dipping tone zi refers to small pieces,
while the neutral tone zi in ¢7 zi is a semantically bleached suffix to form a disyllabic
word. Similarly in @b), dong x7r with two high tones is a compound word linking two
directions and dong zi with a neutral tone denotes a more abstract concept, which
is less transparent or accessible from the semantics of each morpheme. However,
not all compounds retain the full tones for both syllables. In @c) we have a verb-
noun compound bdo chou (‘repay enmity’) and a noun-noun compound bdo chou
(‘monetary reward’) with neutral tone. One common characteristic among the first
four pairs in @ is that the meaning of the disyllabic word with a neutral tone is less
straightforward than simply concatenating the semantics of two morphemes — there
is a semantically bleached suffix in ¢ zi (6h), a metonymic sense [\ in dong i (6b),
a sharpened meaning by taking the intersection of the meaning of two morphemes
in bao chou (6f), or a meaning by inferencd'!|in da yi (6). (6k) demonstrates
neutral tone syllables in a trisyllabic word. The stressed verb-verb compound ¢7 lds
conveys the spatial meaning of going up, while the neutral tone counterpart ¢i lai
extends it to the temporal domain with the inchoative interpretation. This suggests
that the development of neutral tone may be related to lexical semantic change.

(6) a. qi 2 T /tchi tszd/ ‘chess piece’
qi zi JET /tehil tsz/  ‘flag’
b.  dong 21 AP /toy]¢il/ ‘east and west’
dong i 7RVY /toylei/ ‘things’

c. bao chéu T /pav\ tsovl/ ‘revenge’
bao chou IR /pav\ tsou/ ‘reward, payment’

10 Fast and west represents any substance within east, west, south, and north of the world.
1A person is careless about details, when only focusing on the general idea.
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d.  dayi KE /ta\li\l/ ‘general idea’
da yi K& /[ta\li/ ‘careless’

e.  midng qi lai FEHER /cian] tehid lai1/ ‘want to get up’
zidng qi lai FERLR /ciand telilai/  ‘recall’

Neutral tone can also distinguish the part of speech of a word. In (7)), when
the second syllable is a neutral tone syllable, da ¢i can be an adjective or a noun;
otherwise da ¢i is a noun. Only about 4% of words rely on neutral tone syllables to
differentiate meanings or part of speech (Hu & Xu, [1995). In these words, neutral
tone plays a crucial role and is often compulsory in the dictionary. The number
of words with a compulsory neutral tone syllable, though, has been decreasing
(Ma and Wang, 2015; Y. Lin and Li, 2017).

(7) da gi K= /ta\ tehi\/ ‘generosity’
da gi RS /ta\ tehi/ ‘generous, classy’

Source: Liang (2010)

Iwata (2018) further discussed the occurrence of neutral tone in different
prosodic domains. Given the shorter duration of neutral tone syllables, Iwata
(2018)) argued that disyllabic words or compounds containing a neutral tone syllable
have trochaic stress, while the phrasal stress in Standard Mandarin is iambic and it
can predominate the trochaic lexical stresﬁ. More specifically, the predominance
of phrasal stress is indicated by reviving the original lexical tone of the underlyingly
toned neutral tone syllables. This is demonstrated in the following examples in ,
in which the second syllables in the disyllabic words are neural tone syllables (in
bold). When the disyllabic words are extended to trisyllabic and quadrisyllabic
compounds by affixation such as the addition of an adjective da ‘big’ in ) and a
negation marker bu in and c¢) or reduplication in and e), the morphemes in
the final position, which are the same morphemes bearing neutral tone in disyllabic

words, carry their lexical tones.

12The phrasal stress can indeed be reanalysed as a trochee too, instead of an iamb. For instance,
the trisyllabic phrase in () can have the foot structure: (¢ o) &, so that the first and the third
syllable are stressed.
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(8) a. aué sheng ¥4E  Jeyed soy/ ‘student’
da zué sheng R4 /ta\ cyel soyl/ ‘university student’

b. zhi dao  FIE /ts1] tav/ ‘know’
bt zht dao ANEIIE /puV syl tav\/ ‘not know’

c. kan jian EFW /khan\ teian/ ‘see’
kan bu jian B /Pan\ pu teianN/ ‘unable to see’

d. huang zhang fitsk /xway] tsanl/ ‘panicked’
huang huang zhang zhang Tiliakak ‘panicked’
e. didao H13E /ti\ tav\/ ‘genuine’
di di dao dio HiHBIEE ‘really genuine’

Source: Iwata (2018, p. 187)

The final syllable in trisyllabic phrases, however, are not necessarily a lexical
tone syllable, as in @ The occurrence of successive neutral tones mentioned in
Z. Li (2003) is also frequent. Iwata (2018) stated that trisyllabic phrases with
two consecutive neutral tone syllables such as @b) are limited in type frequency,
although show high token frequency. The fact that tonal contrasts are only preserved
(not neutralised) in stressed syllables in Optimality Theory can be analysed as
positional faithfulness constraint so that the underlying tones are preserved in

prosodic heads (see M. Yip (2002) for details).

(9) a.  ge bo zhou FEFEST /kx1 po tsoud/ ‘elbow’

b. zué sheng men 4] /cye’ soy mon/ ‘students’

Chao (1968, p. 39) reported that tonal reduction is hardly predictable on
phonological, syntactic, or semantic grounds, and historical factors often come into
play. The formality of speech tends to play a role too. In connected colloquial
speech, neutral tone occurs rather frequently. About one-third of all syllables can be

neutral tones, according to (Duanmu, 2007). In written texts, neutral tone syllables

are estimated to be about 15%-20% (C. N. Li & Thompson, |1981)).
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2.5.1.3 Neutral tone in other varieties

Neutral tone can serve as a dialectal cue for different Mandarin varieties. First, the
number of neutral tone morphemes tend to differ among Mandarin varieties (H. Lin,
2000). Neutral tone typically plays a predominant role in Mandarin varieties in the
north of China, in particular Beijing Mandarin, but is less common in Mandarin
varieties in the southwest (Yuan, 1960). Second, the realisation of neutral tone
can be specific to a Mandarin variety. Uriimqi Mandarin in Xinjiang, for example,
is different from Beijing Mandarin in that the neutral tone syllables in Uriimqi
Mandarin only undergo tone loss, but not reduction in duration (Wei, 2011). The
toneless and some other frequently used neutral tone syllables in Southwestern
Mandarin bear a high level tone, regardless of the preceding tone categories, and
their duration is not as short as that of neutral tone syllables in Standard Mandarin
(X. Li, 2004)). Neutral tone syllables in Taiwan Mandarin are reported to have a
mid-low pitch target and the occurrence of neutral tone is less frequent in Taiwan

Mandarin than in Standard Mandarin (K. Huang, 2018)).

Citation tone Broad Neutralisation Narrow neutralisation

433 43 15
413 43 43o0r15
N 42 14 43o0r 15
145 15 43
d21 42 43o0r 15
424 14 43or15

Table 2.7: Tonal neutralisation in Changsha by Zhong (2003).

Neutral tone in Changsha was reported in Zhong (2003), which was based on
the impressionistic transcription of tones in the speech of one female Changsha
speaker born in 1970. According to Zhong (2003), there are two neutralisation
patterns in Changsha as shown in Table where the broad neutralisation applies

to most words in Changsha and the narrow neutralisation is found in a minority
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of words, mostly nouns. Unlike neutral tone in Standard Mandarin whose pitch
patterns were largely predicted by the preceding tone, the neutral tone of a syllable
in Changsha depend on the (underlying) citation tone of the syllable regardless
of the preceding and following tones (Zhong, [2003). From Table 2.7 we can
see that neutral tone in Changsha can exhibit four levels of pitch height (broad
neutralisation) and a neutral tone broadly retains a part of the citation tone of
the syllable. More empirical research on Changsha is needed, although that is

beyond the scope of the current thesis.

2.5.2 Neutral tone typology

X. S. Shen (1992)) proposed a three-way typology for neutral tones in Standard
Mandarin: toneless, detonic and atonic. The functional morphemes such as the
particles de, le, and ma in Table [2.6 were considered underlyingly toneless, whose
pitch does not belong to or derive from the four lexical tones. The other two
groups are underlyingly toned. The obligatory neutral tones in minimal pairs such
as @ where neutral tone leads to phonemic distinction were detonic and used in
approximately 200 minimal pairs (X. S. Shen, 1992). The idiosyncratic and optional
neutral tones resulting from fast careless speech were atonic. Such classification
differentiated diachronic tone loss and synchronic de-stressing, which might be
different stages in the development of neutral tone.

Y. Zhang (2022) probed into the historical development of many neutral tone
syllables and supported the categorisation based on the underlying forms, that is,
underlyingly toneless and underlyingly toned. Y. Zhang (2022) named the two
categories as intrinsic and derived neutral tones. The former corresponds to the
toneless functional particles in X. S. Shen (1992) and W. Li (1981), and these were
lexicalised early in the history, before Ming dynasty (mid-14th century or earlier).
The latter may be the intrinsic neutral tone in development, triggered by the stress
movement in compounds and phrases motivated by semantic shifts, disappearance
of gu (IV) tone, and contacts with Manchu. The developmental process, though,

tends to have slowed down or even reversed, considering the decline of the number



2. Background and Literature 57

of derived neutral tone syllables in the newer editions of dictionaries. Through
processing experiments, Y. Zhang (2022)) suggested that intrinsic neutral tone
syllables have an underspecified tonal target while derived ones are underlyingly
the same as their lexical tone counterparts.

Nevertheless, whether the different types of neutral tone have different phonetic
representations were not addressed by X. S. Shen (1992). Y. Zhang (2022)) reported
that focus increased the similarity between the derived neutral tones and their
corresponding underlying (citation) lexical tones, but did not result in significant
change in average fy range and height of the intrinsic neutral tones, which exhibited
a falling contour regardless of the focus conditions. In reality, whether neutral tone
is underlyingly toneless has been controversial in the literature. In the following
§2.5.3, we will revisit and discuss the representations and realisations of Standard

Mandarin neutral tone under different theoretical frameworks.

2.5.3 Approaches to neutral tone

Neutral tone in Standard Mandarin has been analysed as the fifth lexical tone
category, a kind of tone sandhi phenomenon (M. Y. Chen, |2000), neutralisation
phenomenon (Iwata, 2018), or weak tonal implementation with reduced articulatory
effort. Views diverge in terms of whether neutral tone in Standard Mandarin has
any phonological specification, whether there is any specific phonetic target, and

what is the mechanism of f realisation.

2.5.3.1 Feature spreading

The contextual dependency of neutral tone in Standard Mandarin revealed by
previous impressionistic observations and earlier acoustic studies has led to few
attempts on the phonological specifications of neutral tone as an independent
tonal category. Within the framework of autosegmental phonology, M. Yip (1980)
proposed that neutral tone was specified with a register feature [—upper| and the
surface values of neutral tone were realised through left-to-right feature spreading

from the preceding tone, illustrated in Figure Recall that Yip’s tonal framework
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T2 N\ L

Source: M. Yip (1980, p. 253)

Figure 2.11: Derivation of surface values of neutral tone by M. Yip (1980).

consists of two tiers: register tier [+/—upper| and tonal tier [H/L], which combine
to define the four lexical tones. The neutral tone in the first three cases in Figure
@ has the final form of [—upper, H], which corresponds to a mid-range pitch
value. The neutral tone after the falling tone has the final form of [—upper, L], a
low pitch. This roughly matches the phonetic descriptions in Table [2.5] though
[—upper, H| covers a range of slightly different mid-range pitch values. In Yip’s
proposal though, a special rule was needed, as shown in Figure [2.11, where an H
feature was inserted (instead of being linked to the preceding tone) when a low tone
(T3) preceded a neutral tone, so as to account for the pitch rise after a low tone.

X. S. Shen (1992)) adopted a similar feature spreading view as M. Yip (1980),
linking neutral tone to the end component of the preceding tone (i.e. [H| or [L]),
since she observed that the f; contour of neutral tones is in congruence with the
fo direction of preceding Tones 1, 2, and 4. But her model differs in that toneless
neutral tone such as de is not specified with any features. The tones in X. S. Shen
(1992)) were not represented in two tiers but in matrix tone, that is, [HH], [LH],

[LLH], and [HL] for Tones 1 to 4 respectively. The underlyingly toned neutral tone
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syllables are first de-stressed so that the underlying tone is deleted. Another major
difference between these two proposals is the controversial underlying representation
of Tone 3, and how the two variants of Tone 3 illustrated in Table 2.2 and Tone
3 sandhi are derived through rules. Instead of the insertion of an external H tone
by an ad hoc rule, X. S. Shen (1992) considered that a floating H tone was part of
the underlying representation of Tone 3, the low-dipping variant with a rising tail
[LLH]. This floating H component can dock on a following toneless neutral tone, or

be lost via a deletion rule to derive the low variant [LL] in certain contexts.
2.5.3.2 Underlying or boundary L tone

Given that neutral tones after Tones 1, 2, and 4 are typically falling, they may be
associated with an L tone. Apart from acquiring a tonal target from the preceding
tone through progressive assimilation, H. Lin (2006) posited an underlying L tone
for neutral tone. The higher or rising neutral tone after Tone 3, an L tone, was
accounted for by dissimilation appealing to the Obligatory Contour Principle.

Z. Li (2003) also assigned an L target to neutral tone, but via a different
mechanism. The positional constraint that neutral tone syllables are never in the
initial position of a phrase and always cliticised to the preceding lexical tone syllable
motivates the unit of a prosodic word, which can consist of a neutral tone syllable or
a sequence of neutral tone syllables and the preceding lexical tone syllable regardless
of their morphosyntactic structure. In Z. Li (2003)’s account, the pitch target of
neutral tone syllables is derived by inserting a post-lexical prosodic word boundary

tone L at the right edge of the last neutral tone.

2.5.3.3 Target interpolation and approximation

The phonological analyses are based on various tonal frameworks that define the
four lexical tones in Standard Mandarin in different ways and the derived tone
specifications do not represent the instrumental data very well. Some experimental
studies also proposed tonal targets for neutral tone. In van Santen et al. (1998)’s
tone sequence approach in speech synthesis, the neutral tone has a single mid target

slightly before the end of a syllable and the target shifts from mid to low when
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following a falling tone. Target interpolation has been employed or assumed by
many theories in phonetic realisation such that the surface f, of neutral tone is
interpolated between the preceding tone target and the neutral tone target, the
boundary tone target, or the following lexical tone target (Shih, 1987).

Another approach is target approximation, where a tonal target is the intended
goal within the duration of the tone-carrying syllable (Y. Xu, |1997). Y. Chen and
Xu (2006) identified a static and mid target for neutral tone and explained that the
greater surface variability of neutral tone is due to the much slower or less robust
implementation of the target and a heavy carryover influence of the preceding
syllable. An advantage of the target approximation approach is that the short
duration of neutral tone is integrated in their analysis — the short duration leads to
inadequate target attainment, and thus, varied pitch patterns. In their study, four
Beijing speakers produced sentences containing zero to three consecutive neutral
tone syllables with varying preceding and following tones. When there were more
than one consecutive neutral tones, the fy data of neutral tone sequences following
different lexical tones displayed converging trends, which provided evidence for the
existence of a tonal target for neutral tone. Q. Li and Chen (2019) and Sun and Shih
(2021) adopted speech materials similar to Y. Chen and Xu (2006), to investigate
the effects of focus and boundary in f; of neutral tone in Tianjin Mandarin and

anticipatory tonal coarticulation in neutral tone in Standard Mandarin.

2.6 Summary

Following an introduction of Plastic Mandarin in Chapter [1], this chapter has
further provided the necessary background for understanding and discussing Plastic
Mandarin by delineating its social and geographical contexts and incorporating
the linguistic foundations to Chinese tones. The knowledge of tones in Standard
Mandarin and Changsha affords insights into tonal variation and change from
a diachronic perspective and portrays the linguistic forms available in the local

repertoire of downtown Changsha in recent decades.
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In order to profile and investigate the tonal system of Plastic Mandarin, the
thesis bifurcates into two strands featuring citation tones (Chapter |3) and neutral
tones (Chapter [5]) respectively. The study of neutral tones is less straightforward
compared to isolated tones in citation form because there are no stand-alone neutral
tones in speech. The inevitable connected speech phenomena such as coarticulation,
downtrends, and focus should, therefore, be taken into consideration in the data
collection and analysis of neutral tones. Chapter [4] provides a subsidiary investigation
to Standard Mandarin neutral tone using corpus approach to establish a benchmark
for comparison with Plastic Mandarin. The variable patterns of neutral tone in
Standard Mandarin manifest the complexity in tonal representation, structure, and
realisation. A comparative study of neutral tones in Plastic Mandarin and Standard

Mandarin may reveal how prosodic features interact with language variation.
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3.1 Introduction

Plastic Mandarin is a new variety of Mandarin that may still be quite variable
but that features a core of distinctive pitch patterns. This chapter examines the
acoustics of the citation tones of Plastic Mandarin as well as two other Chinese
varieties including Standard Mandarin and Changsha (Xiang).

The primary objective of this chapter is to establish the tone system of this
emerging variety, Plastic Mandarin, since it has received limited scholarly attention
in the past. While the pilot study in my MPhil thesis (C. Xu, 2018) reported on fy
data of a single utterance of one syllable ([iz]) in each of the four tone categories
from a few speakers, S. Shen (2019) reported on f; data of a single utterance of
60 arbitrary Chinese characters, 15 each tone category. The latter, however, was
based on only one speaker. This chapter, therefore, provides a thorough analysis
of the citation tone system of Plastic Mandarin by utilising speech data from
multiple speakers, containing multiple repetitions of various syllables in each tone
category. The use of multi-speaker and multi-item (syllable) data allows for an
examination of the inter-speaker and intra-speaker consistency of Plastic Mandarin
tones, so as to determine whether Plastic Mandarin is a system with stability or
an idiosyncratic accent unique to an individual.

The second objective of this chapter is to explore the development of Plastic
Mandarin tones using a comparative approach. Historically tone often arises from
laryngeal features such as voicing and aspiration spreading from consonants to the
neighbouring vowels (Humbert, |1978), or, in some cases, from other features of a

syllable such as vowel length (e.g. Svantesson, |1991), vowel quality, and voice quality.
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These features can contribute to changes in tone patterns and tone inventories.
Language contact is another factor that underlies tonal change, though how exactly
tones were transferred or stimulated to change remains unclear. Contact may even
lead to tone emergence in non-tone languages (Thurgood, 1999) or tone loss in
tone languages (Salmons, 1990). Tone has been identified as one of the prosodic
aspects of language that is highly diffusible through language contact (Ratliff, 2015).
The rise of Plastic Mandarin coincides with increasingly intense contact between
Standard Mandarin and Changsha in the city of Changsha. This empirical study
presents a case of Mandarin tonal change under contact in a multilingual community.

Given the linguistic context in the city of Changsha (, this chapter hypoth-
esises that the emergence of Plastic Mandarin is closely related to the two varieties
in contact, Standard Mandarin and Changsha. By employing comparative datasets
of the three varieties and comparing the acoustic manifestations of tones in Plastic
Mandarin with those in Standard Mandarin and in Changsha, this chapter answers
the central questions: How are the lexical tones of Plastic Mandarin compared
with those of Standard Mandarin and Changsha?

This chapter examines the duration and fy contours of monosyllables produced
in isolation in Plastic Mandarin, Standard Mandarin, and Changsha. In particular,
it offers a systematic approach to characterise and compare f; contours of lexical
tones in tone languages. On the one hand, it documents some basic phonetic
characteristics of these three varieties and situates Plastic Mandarin among the
other two established varieties. On the other hand, the duration and fy contour
of citation tones constitute a baseline for the study of tone sequences in the
later chapters. The study of a crystallising regional mandarin contributes to our
understanding of dialect levelling and language variation in contact. Apart from the
group patterns, individuals’ speech is also examined to better understand Plastic
Mandarin from the perspective of language variation and language acquisition.

This chapter addresses the following specific questions:

1) How long is a syllable in isolation in Plastic Mandarin, Standard Mandarin,

and Changsha?
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2) Does tone category and syllable structure have an impact on syllable duration?

3) What is the prototypical pitch contour of each tone in Plastic Mandarin and
how does it vary?

4) What is the prototypical pitch contour of each tone in Changsha spoken by
the same group of Plastic Mandarin participants?

5) What are the similarities and differences of the pitch contours among tones of
Plastic Mandarin, Standard Mandarin, and Changsha?

6) What is the likely path of change from Standard Mandarin to this innovative

variety Plastic Mandarin?

This chapter is organised as follows: §3.2, §3.3 and §3.4 present the method-
ological and analytical decisions for data collection and analysis. This chapter is
based on the monosyllabic part of the speech materials (see collected from
my linguistic fieldwork introduced in detail in §3.2. Analysis of other parts of the
speech materials is presented in chapter 5] The following section describes and
justifies the acoustic preprocessing procedure pertaining to the monosyllabic dataset
including the transcription, segmentation, extraction, and acoustic measurement.
Then outlines the course of statistical analysis and addresses the statistical
methods. §3.5 and §3.6 report on the syllable duration and pitch contour of
citation tones in the three varieties respectively. Under each section, the specific
statistical models are specified prior to the presentation of results and discussion.
explores the origin of Plastic Mandarin tones by conducting comparative
analysis of tones, examining the individuals’ tone patterns, and discussing the

potential formation of Plastic Mandarin tones.

3.2 Speech Data

This empirical study constructed and employed the specialised speech corpora
of monosyllables in Plastic Mandarin, Standard Mandarin, and Changsha. This

section delineates relevant details of the speech data collection.
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3.2.1 Data sources

3.2.1.1 Fieldwork visits in Changsha, Hunan

The Plastic Mandarin and Changsha data were mainly collected over the course
of a fieldwork visit to Changsha, Hunan, China in January 2020. Prior to this, I
conducted a preliminary fieldwork on a smaller scale during my MPhil studies in
September 2017. Some of the quotes expressing attitudes toward Plastic Mandarin
presented in were from teenage participants in the preliminary fieldwork.

Senior high school students are the most ideal sources of Plastic Mandarin
data. Most of these competent youths are Changsha residents, who are fluent
and frequent users of Plastic Mandarin. Even if some students speak a different
dialect at home, Plastic Mandarin has been the de facto lingua franca at schools in
downtown Changsha. The linguistic situation may be different in local colleges and
universities, since their nationwide admission often results in a diverse student body
from all parts of China, among whom Plastic Mandarin may not be the common
language. This makes university students less ideal subjects.

The fieldwork site was Changsha Nanya Middle School, a state secondary school
located in downtown Changsha (see Figure . It is one of the boarding school
campuses of Yali School that was established in 1906. It covers both junior and
senior high school education from grades 7 to 12, with over 6000 students. As
one of the most prestigious high schools in Hunan province, it attracts province-
wide top applicants and its admission is extremely competitive. Its nature of a
boarding school tends to create speech communities with dense and multiplex social
networks and high frequencies of interaction. Students are tied together through
not only classes and studies, but also extracurricular, social, and daily activities.
The classmates who attend all classes together in the same classroom may also
be roommates and join the same sports clubs or societies.

Thanks to the support and assistance from my former teachers in this school,
I distributed recruitment materials, interacted with students, secured a room
for recording, and arranged recording sessions amid their tight schedule in the

boarding school. Students’ speech was recorded, and written consent had been
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Figure 3.1: Map of downtown Changsha and the location of Changsha Nanya Middle
School.

given in accordance with the ethical approval the study had obtained (Central
University Research Ethics Committee (CUREC) — Social Sciences and Humanities

Interdivisional Research Ethics Committee Approval Reference: R67136/RE001).

3.2.1.2 Recording in the Phonetics Laboratory, Oxford

The comparative Standard Mandarin data were collected at the Phonetics Lab-
oratory, University of Oxford. Due to the COVID19 pandemic lockdowns, data
collection in China was not feasible. The Phonetics Laboratory at Oxford equipped
with professional audio studios stood out as an alternative choice. In Oxford, the
recording sessions continued on and off in December 2020, May and October 2021,

following the COVID regulations, safety guidelines, and participants’ consents.
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Figure 3.2: The music room with porous sound-absorbing wall materials for sound
recording in Changsha Nanya Middle School, Hunan, China. On the door, it says Piano
Room B.

3.2.2 Premises

Schools are the exact context in which natural and spontaneous conversations in
Plastic Mandarin predominate. While organising recording sessions in a school
situates speakers in the familiar context of using Plastic Mandarin, it also ensures
a safe and convenient participation for students.

In Changsha Nanya Middle school, the recording sessions were conducted in a
music room in the school. The music room as shown in Figure being small and
furnished with soundproofing materials on the walls, was in fact ideal for recording,

despite that the school does not have an audio studio with strict laboratory standards.
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Figure 3.3: The audio studio with soft furnishings for sound recording in the Phonetics
Laboratory, University of Oxford.

The music room sits on the top floor of the Arts Centre, an independent building
separated from the noisy teaching zone of the school, and no activities were organised
there during my visits. It is suitably quiet for speech production experiments. In
this boarding school, students have a packed schedule of academic work under
rigorous management. The sessions were arranged at their convenience, mostly
in late afternoons and evenings after their last lecture of the day, so that their
participation in this study did not affect their normal course schedule in the school.

In Oxford, the audio studio in the Phonetics Laboratory, as shown in Figure

3.3, was employed.

3.2.3 Recruitment

3.2.3.1 Plastic Mandarin / Changsha speakers

During the fieldwork visits, self-claimed Plastic Mandarin speakers were recruited
with a preference for speakers who also speak Changsha and have spent the majority
of their life in the city of Changsha.

Due to students’ restricted access to electronic devices in school, the recording

sessions were advertised through printed copies of a recruitment package, available
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in written Chinese and English in Appendix , which contained a poster (A.1),
information sheets for the participants (A.2.1 to[A.2.2) and their parents (A.3)), a

written consent form , and a participant form (A.5.1). Recruitment materials
provided a general background of this study without revealing specific research
questions of the investigation. On the participant form, there was a brief survey
about their language use in major social life including their interactions with close
families, friends, and school teachers, apart from requesting some basic information
including age, place of birth, and current residence.

Prior to the distribution of the recruitment packages, I delivered 50-minute talks
in a few classes, with approximately 60 students per class. The talks were themed
on sharing my student experiences in the universities in Hong Kong and Oxford,
as well as tips about university-entrance exams, which attracted the senior high
school students the most. During each talk, I also briefly talked about linguistics,
asked students about their observations and understanding of Plastic Mandarin, and
advertised my research fieldwork. The talks, on the one hand, enabled me to observe
and verify students’ frequent use of Plastic Mandarin and their awareness, and to
explain the details of how to proceed with participation if they were interested. On
the other hand, they helped me build a good rapport with students. My alumna
identity and shared school-life experiences reduced our social distance. To be one of
“them” was conducive to creating a friendly and relaxed atmosphere for the elicitation
of a non-standard accent, which was conducted by me. This minimised the influence
of my presence in the context, which should not alter their usual language code.

In addition, two of my Plastic Mandarin participants were recorded in the
Phonetics Laboratory, University of Oxford. They graduated from Changsha Nanya
Middle school and happened to study in the University of Oxford at the time of

data collection. They voluntarily offered their time to take part in this study.

3.2.3.2 Standard Mandarin speakers

Standard Mandarin speakers were recruited in Oxford based on the criteria that

they are Standard Mandarin or Beijing Mandarin native speakers who do not
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speak or speak little of other Chinese varieties. In Oxford, recruitment information
was shared on WeChat, a social media app used by most Chinese students. For
interested individuals, a information sheet for the participant (Appendix [A.2.3) was
provided in PDF format. They also filled in a participant form through Google
Forms (Appendix . They were paid £5 for their participation.
Participants were highly encouraged to attend the recording sessions with a friend
of theirs who fits the specified criteria, so that they could speak in front of their close
peers as they normally would. The presence of close peers is considered to be a norm-
enforcement mechanism (Milroy, |1980). In this way, participants’ social networks

were also utilised in the recruitment, which is also known as ‘snowball technique’.

3.2.4 Subjects

Thirty-five young adults participated in this study. No history of speech or hearing
disorders was reported. Written informed consent was acquired from subjects
prior to recording.

Twenty-one participants contributed to the elicitation of Plastic Mandarin
(sixteen females and five males; mean age = 17.24 years, 0 = 0.70 years). They were
all students from Changsha Nanya Middle School, and recruited from pre-existing
friendship groups. Table presents the demographic profile of these participants.
Fourteen of them were born and bred in Changsha; an additional four of them
(speakers 105, 106, 108, and 110) almost lived their whole life in Changsha; the rest
were born in nearby cities in Hunan province and moved to Changsha at an early
age. On average, they had spent 15.71 years in Changsha by the time of elicitation.

Not all of these young adults from Changsha speak Changsha well. Some speak
another different regional dialect. For instance, among the fourteen who were born
in Changsha, one was from Ningxiang, a county-level city under the administration
of Changsha, and speaks a regional dialect Ningxiang. The young generation’s
confidence with their Changsha proficiency seemed rather mild. Among these 21
Changsha residents, only about 19% (4 out of 21) claimed high level of competence

(score 5 out of 5) in their Changsha proficiency in an informal self-assessment
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Speaker ID Sex  Age Place of Birth Years in  Self-rated Changsha

Changsha proficiency
101 Female 17 Zhangjiajie 12 4
102 Female 17 Changsha 17 5
103 Female 17 Changsha 17 4
104 Female 17 Changsha 17 4
105 Male 17 Loudi 17 4
106 Male 18 Loudi 18 4
107 Male 17 Changsha 12 5
108 Female 17 yongzhou 17 2
109 Female 17 zhuzhou 6 3
110 Female 17 Yueyang 17 4
111 Female 17 Changsha 17 4
112 Female 17 Changsha 17 4
113 Female 17 Changsha 17 )
114 Female 17 Changsha 17 4
115 Female 17 Changsha 17 4
116 Female 17 Jishou 6 2
117 Female 17 Changsha 17 )
118 Male 17 Changsha 17 2
119 Male 17 Changsha 17 2
120 Female 18 Changsha 18 2
121 Female 20 Changsha 20 3

Table 3.1: Demographic profile for Plastic Mandarin participants. The self-assessment
of their Changsha proficiency was on a five-level Likert scale from “I don’t speak Changsha
at all” (represented by 1) to “I speak Changsha fluently” (represented by 5).

survey, while about 67% (14 out of 21) claimed moderately high level (score 4 out
of 5). On average, they reported a score of 3.62 (¢ = 1.07) for their Changsha
proficiency, while a score of 4.05 (¢ = 0.74) for their Standard Mandarin proficiency.
A paired t-test of the mean differences of the distribution of self-reported scores
for the two varieties t = —1.37,df = 20, p = 0.19 suggests that the average scores
do not significantly differ. While the informal survey about language proficiency
is preliminary and small in sample size, it reveals that Mandarin has become a
language to be reckoned with among young people in Changsha.

Among those who rated 4 or 5 for their Changsha proficiency, thirteen partici-
pants (highlighted in grey in Table @, mean age = 17.08 years, 0 = 0.28 years)

speak little other regional varieties and, therefore, were selected to contribute to
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Years in  Self-rated SM

Speaker ID  Sex  Age Place of Birth Beijing proficiency

201 Female 23 Shandong 18 5
202 Female 24 Beijing 11 )
203 Female 26 Beijing 17 )
204 Female 22 Hubei 4 )
205 Female 24 Shandong 0 5
206 Male 24 Liaoning 0 )
207 Male 26 Beijing 25 )
208 Female 22 Shandong 22 )
209 Male 23 Beijing 23 4
210 Female 23 Shandong 2 5
211 Female 22 Hebei 0 )
212 Female 23 Beijing 18 4
213 Male 29 Hebei 0 )
214 Male 25 Beijing 18 4

Table 3.2: Demographic profile for Standard Mandarin (SM) participants. The self-
assessment of their Standard Mandarin proficiency was on a five-level Likert scale from “I
don’t speak Standard Mandarin at all” (represented by 1) to “I speak Standard Mandarin
fluently” (represented by 5).

the task where speaking Changsha was needed.

Another fourteen young adults (nine females and five males; mean age = 24
years, 0 = 1.96 years), recruited in Oxford, United Kingdom, participated in the
elicitation of Standard Mandarin. Table[3.2] presents the demographic profile of these
participants. All of them are from the Mandarin Chinese region in northern China,
among which eight spent more than 10 years in Beijing. None of them claimed
to speak or frequently use another Chinese variety or Mandarin dialeciﬂ. Their

average score of self-reported Standard Mandarin proficiency was 4.79 (o = 0.43).

3.2.5 Equipment

Subjects attended the recording session in friendship pairs. Each speaker in the pair
had a Rode Lavalier microphone clipped to their collar or lapel below the speaker’s
chin, and the speech of each speaker was recorded onto a separate channel of a

Marantz digital audio recorder (PMD661 MK.II) at a sampling rate of 44,100Hz

LAll subjects speak English at various levels, since English has been a compulsory subject in
schools in China. It is very hard to find young monolingual Standard Mandarin speakers.
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and 16-bit quantisation. The same set of equipment was used for all pairs of
participants. The recordings were initially stored on a Secure Digital 32GB Memory
Card before being transferred to a MacBook Pro (Early 2015) laptop for analysis
and to the file server of the Oxford Phonetics Laboratory for backup. Volume was
constantly monitored throughout the recordings to ensure that no high amplitudes
in the speech signal were clipped.

A hard copy of overall instructions and main speech materials was given to
participants before the recording started, while instructions and prompts for the
speech production experiment were also available on a laptop screen to facilitate

the elicitation throughout a session.

3.2.6 Procedure

The recording sessions were mostly interactive in nature, drawing from a range of
elicitation techniques. The key to eliciting Plastic Mandarin was to create a relaxing
environment where informants speak naturally as they normally do with their friends
in everyday life. This translates to two aspects of the design of elicitation. First, the
setting of a peer group pair for each recording session was established, as Labov (1972,
p. 115) stated, “to allow the interaction of actual peer group itself to control the
level of language produced.” Second, an informal context in which less attention is
paid to speech was preferable. The more formal the situation, the less likely students
are to speak a non-standard accent, as they have been trained to speak Standard
Mandarin in formal settings for years through education. Traditional passage
reading tasks such as Deterding (2006]) were avoided because such literary activities
are not typical in the realm of Plastic Mandarin speaking. On the other extreme,
speech data from completely undirected conversations would be hard to compare
across subjects and language varieties, given that phonetic realisation is influenced
by various factors. Hence, verbal games embedded with carefully designed speech
stimuli were devised for the purpose of acquiring controlled yet spontaneous speech.

This study adopted a four-step procedure for each recording session, illustrated

briefly in Figure beginning with warm-up informal open conversations (A) and
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Casual Speech Interviews

Topics included hobbies, zodiac signs, films, anime or manga, celebrities
or idols, academic subjects, language use, etc.

NS

Semi-spontaneous Speech Production I

An entertaining word-guessing game with carefully designed speech
materials embedded.

NS

Semi-spontaneous Speech Production II

A picture-based path code game with carefully designed speech materials
embedded, followed by open discussion.

— NS
D

Wordlists Read Speech

Reading out monosyllabic word lists with pauses at a speaker's own pace.

Figure 3.4: Flow chart of the recording sessions. A, B, C, D are the task code.

progressing to verbal games (B and C) and, lastly, reading out word lists (D). In
this way, datasets featuring different types of speech were collected. The Plastic
Mandarin subjects and Standard Mandarin subjects followed the same procedure
but spoke in their respective language. As an audience and the moderator of the
recording sessions, I used Standard Mandarin throughout the elicitation sessions of
Standard Mandarin, and tailored my own accent to Plastic Mandarin in the course
of the Plastic Mandarin sessions. This was to prevent Plastic Mandarin subjects
accommodating towards a standard accent given my presence. Before the recording
started, I greeted both subjects, attached a microphone to each subject, tested the
recorder, and distributed the instruction sheets. I was in charge of the display of
instructions and experimental prompts on the laptop screen throughout a session.

Before subjects left the room, they had chances to ask questions and know
more about the research project. All recording sessions ranged in length from
forty minutes to one hour.

This chapter concentrates on citation tones and reports on the word lists read
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speech, collected from the last task (D) of a recording session. The procedure of this
task is further introduced in subsection §3.2.6.2] The ice-breaking task A is also
described in more detail in subsection Task B will be described in detail
in chapter 5 The details of Task C are presented in Appendix [B.2. Not all speech

materials were analysed in this study, given the time and funding constraints.

3.2.6.1 Casual interview

Each session started with a brief casual interview, during which the pair of
participants took turns to interview each other, guided by the questions and topics
presented on the laptop screen. Despite being short, these warmup conversations
were hierarchically structured, as suggested in Tagliamonte (2006), and mainly
centred around lighthearted topics that appealed to teenagers and young adults.
The topics ranged from individual traits such as nicknames and zodiac signs to
personal pastimes and preferences such as favourite films, celebrities, and characters,
before progressing into academic subjects and a language module in the end,
where the subjects shared their observations of language use and opinions. The
language module was intended to “obtain a record of overt attitudes towards

language” (Labov, (1984, p. 33).

3.2.6.2 Word lists

The last step of the recording session was to capture subjects’ pronunciation of
words in isolation. In Labov (1964)’s seminal work of English in New York city, the
minimal pair task at the end of the spectrum of formality was introduced last. In
a similar vein, this task was administered after the free conversations and verbal
games, in order to prevent subjects from focusing their attention to speech too
soon. As they became more comfortable and familiar with the recording setting,
the elicitation formality was increasingly elevated, yielding more self-conscious
and careful speech in the end.

In this task, the subjects were asked to enunciate lists of monosyllabic words
of all tones slowly. They were instructed to repeat each monosyllabic word six

times, with pauses in between, and they were self-paced without interruptions by
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the experimenter. The instructions and monosyllabic stimuli were presented on
a laptop screen in written Chinese. All utterances of word lists of a participant
were recorded in one audio file.

This is a straightforward task for Standard Mandarin speakers, who have explicit
knowledge of the four lexical tones of Standard Mandarin due to years of formal
learning and training in schools. Plastic Mandarin speakers, however, were not
trained to be aware of the citation tones of Plastic Mandarin since there have not
been established conventions, despite being native speakers. Instead, they have
undergone the same training of Standard Mandarin too. When reading out aloud
syllables in isolation, they might have habitually switched to Standard Mandarin.
Plastic Mandarin subjects were, thus, encouraged to think of or think aloud a word,
a phrase, or any utterances that contain the target syllable in Plastic Mandarin
before articulating the monosyllables.

Plastic Mandarin subjects who are native speakers of Changsha enunciated a
separate set of Changsha monosyllabic words. There was a short break between
pronouncing the Plastic Mandarin set and Changsha set. Subjects were given

the freedom to choose which set to start.

3.2.7 Materials

The Word lists task was devoted to the comparative analysis of citation tones in
Plastic Mandarin, Changsha and Standard Mandarin. This subsection presents
the word lists used in this task. Speech materials used in Task B and Task C
are presented in chapter [5] and Appendix

The impressionistic summaries of Plastic Mandarin tones (e.g. Y. Wu, [2005;
Jing and Niu, 2010; Y. Wang, 2018)), and acoustical analyses (e.g. C. Xu, 2018;
S. Shen, 2019)) had shown that Plastic Mandarin has the same tone categories
as Standard Mandarin but the tone patterns of Plastic Mandarin were different
from those of Standard Mandarin. These studies compared Plastic Mandarin to

Standard Mandarin and Changsha, but their discussion of Standard Mandarin
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and Changsha tones was based on second-hand data in the literature instead of
empirical data elicited in a similar controlled environment.

This study, therefore, adopted a more thorough design by including four sets of
monosyllables that differ only in tone in the materials for the elicitation of Mandarin
tones (see Table and the corresponding four sets of syllables in Changsha (see
Table |3.4). These sets of Mandarin syllables were selected because their Changsha
counterparts (cognates) have similar segmental composition. Three main vowel
contexts of Mandarin including /i/, /u/, and /a/ were considered and the majority
of the syllables were fully voiced in order to avoid the potential f, perturbation
brought up by voiceless consonants. One 'minimal quadruplet’ set [tif] with a
voiceless unaspirated stop onset was included to allow us to detect the possible
effects of an initial voiceless consonant. The same materials displayed in Table |3.3
were used for the elicitation of both Mandarin varieties. It is worth mentioning
that participants were only presented with the Chinese orthography without

other information such as pinyin or tone categories.

Vowel IPA tone
T1 T2 T3 T4
/i/ [i] yr A yi By yi =
clothes aunt  ant desire
[ti:] Ak dH AR i
low flute  bottom earth
Ju/ w] wiE wi® wil @ wlF
house  Wu martial fog
/a/ ma:] maf™ mdfk mi%  md B
mother hemp horse curse

Table 3.3: Speech materials for the citation tones of both Standard Mandarin and
Plastic Mandarin. The romanised transcripts here used the Pinyin system that is based
on Standard Mandarin.

In Table Standard Mandarin-based Pinyin system was adapted to represent

these Changsha syllables in romanised form, but diacritics denoting tones were
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removed. The selection of these syllables was based on R. Li (1998). As Changsha
retains the register distinction for the qu (III) tone (Norman, 1988), most syllables
in the T4 group have voiceless consonant onsets or zero onset, meaning that the
[maz:] set with a sonorant onset, widely cited in Standard Mandarin research, might
be inadequate to cover all six tones in Changsha (tonotactic gap). The syllable [paz]
that contains a voiceless stop onset with the same place of articulation as [m] and the
same vowel as [ma:] was hence included. It is relevant to note here that, although
the same set of phonemes was employed in the IPA transcription of the Mandarin
and Changsha syllables, the vowel quality of /a/ in Changsha, for instance, tends
to be distinct from /a/ in Standard Mandarin ([a]). /a/ is sometimes realised in a

more retracted and/or raised manner (e.g. [a] or [5]) by some Changsha speakers.

Vowel IPA Tone
T1 T2 T3 T4 T5 T6
/if i yi Ry i oy E oy s oy
clothes aunt ant desire easy  one
[tiz] di % di {8 di & di T di # di &
low question bottom emperor earth flute
Ju/ [u:] wu & wu R wu B wu 55 wu B wu &
black Wu martial task fog house
/a/ [ma:] (*[pta:]) ma @  ma ik ma S Fpatd  ma®B ma Ik
mother hemp horse fear curse  wipe

Table 3.4: Speech materials for Changsha citation tones.

In addition, a set of toneless neutral tone syllables, as shown in Table |3.5, were
also incorporated in the Mandarin materials, to explore how speakers produce the
citation form of neutral tone syllables. All of these are function words, which usually
do not occur stand-alone. Since Changsha has a distinct set of function words
with different segmental structures, no Changsha counterparts were considered

in this study.
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[ma]  [do] [l]  [tso]  [mon]
ma My de®] le | zhe& menfl]
INT GEN PRF DUR PL

Table 3.5: Extra neutral tone syllables in the Mandarin speech materials.

3.3 Acoustic Preprocessing

This section presents the stages and details of acoustic prepossessing for the
monosyllabic speech data in this study?l The main acoustic features examined in

this thesis are timing (syllable duration) and pitch (fy) patterns.

3.3.1 Transcription

The raw recordings from the Word lists task were two-channel WAV files at a
sampling rate of 44.1 kHz with 16-bit, signed integer PCM encoding, containing
pronunciation of all repetitions of the monosyllables in the speech materials of
a given language variety by a speaker. The main channel for each speaker was
extracted and saved as a mono audio file. The audio was transcribed in Chinese
orthography, where the pauses between monosyllables were represented by spaces

between Chinese characters.

3.3.2 Forced alignment

The audio and transcript files were then fed to the Penn Phonetics Lab Forced
Aligner (P2FA) for Mandarin Chinese (Yuan and Liberman, 2008; 2015) to achieve
automatic phonetic segmentation. Prior to the forced alignment, the audio files
were downsampled to 16 kHz to prepare for the use of P2FA. The output of the
aligner was a TextGrid file for each audio file, in which the phones and syllables
(represented by Chinese characters) were aligned to the audio. This study is
chiefly interested in the syllable tier, from which we can identify where in the

audio a syllable begins and ends.

2All relevant scripts are available as online supplemental materials at https://osf.io/ufhzt/.
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Although P2FA’s acoustic models were trained on Standard Mandarin, it can still
be applied to Plastic Mandarin since the phoneme inventories of the two varieties are
highly similar. Existing forced alignment systems even had potential for facilitating
the segmentation for under-resourced languages that were different from the training
language (DiCanio et al., 2013)). P2FA here was also adapted to process the the
monosyllabic Changsha data, by constructing a separate pronunciation dictionary
for the Changsha syllables with customised grapheme to phoneme rules coded
using the phone set specific to P2FA. After the visual inspection of the output
TextGrids of some trial runs, it can be concluded that P2FA for Mandarin Chinese

was successfully utilised for Plastic Mandarin and Changsha.

3.3.2.1 Problems in forced alignment

The TextGrid files generated by P2FA were verified against their corresponding
audio files. The silence-to-phoneme and phoneme-to-silence transitions were our
main concerns. The majority of the alignment were acceptable, but three main

types of misalignment or errors were identified and marked:

1) Extended interval due to reverberation;
2) Misplaced interval due to environmental noise;

3) Truncated interval.

These are exemplified in Figures [3.5 to [3.7 of Praat editor interface, in which the
waveform and wide-band spectrogram of an audio signal are presented together
with the text annotations and boundaries generated by P2FA.

In Figure @, both syllables of #J de have a much delayed right boundary. In
the spectrogram, the light grey area with faint formant patterns following each
syllable, labelled with a schwa (represented by ‘&’ in the phone tier), in fact reflects
some reverberation captured by the microphone, which should not be identified as
part of the vowel portion of the syllable. In Figure an extra-short text interval
J& wi in the second tier, highlighted in yellow background, mistakenly corresponds
to some noise in the audio. Moreover, this resulted in subsequent misalignment in

the remainder of the audio because the text labels were no longer matched with
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Figure 3.5: Expanded intervals of the syllable '] de GEN by P2FA. One of the intervals
is highlighted in yellow background in the word tier.
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Figure 3.6: Misplaced boundaries of the syllable /& wa ‘house’ by P2FA. The problematic
interval is highlighted in yellow background in the word tier.

the audio. In Figure , the left boundary of the syllable & df failed to cover the
whole interval between the release of the unaspirated stop consonant [t], signalled
by the burst spike followed by aperiodicity in the waveform, and the voice onset.
Some other cases of truncated intervals include the right boundary being placed

too early, cutting off the creaky end of a syllable.

3.3.2.2 TImproving forced alignment for monosyllables

The first two types of misalignment tend to result from the presence of reverberation
or noise in the recording room. The alignment can thus be improved by removing

such reverberation and noise during pauses of speech. Pauses, or non-speech
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Figure 3.7: Contracted interval of the syllable & d7 ‘flute’ by P2FA. The interval is
highlighted in yellow background in the word tier.

intervals, were first identified using Praat’s algorithm Sound: To TextGrid (silences)
and then muted automatically. The algorithm determined silent intervals from the
intensity curve of the bandpass filtered (between 80 and 8000 Hz) waveform of a copy
of the sound, and the silence threshold ranging from —40 dB to —30 dB was used
depending on the intensity peaks of the audidﬂ The output of this algorithm was a
tier of silence intervals in a TextGrid file, such as the third tier silences in Figure
in which the empty intervals were identified as non-speech intervals and muted.
The resulting audio was double-checked to ensure that speech-related aperiodic
intervals, which were relatively lower in intensity than periodic intervals, were not
muted; otherwise the parameter settings of the algorithm were adjusted accordingly.
The speech intervals remained untouched. Subsequently, P2FA was run the second
time on the edited audio. The newly-obtained TextGrid files were compared to the
previous ones, and as a result the alignment of vowel-only syllables such as [i] and
[u] was improved, though syllables with a nasal onset [ma] in the new TextGrids
tended to have slightly wider intervals. Finally, the most optimal TextGrid files were

created by replacing the misaligned intervals and intervals of vowel-only syllables in

3The parameters used for each audio file were logged in a text file, available in the online
supplementary materials.
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the original TextGrid files with corresponding intervals with improved alignment. By
doing so, the aforementioned phenomena of misalignment were largely eliminated.

The main motivation to improve the aligner’s performance in above approach is
that it is systematic, consistent, and reproducible, compared to hand corrections
which are inherently subjective (Baghai-Ravary et al., 2009). This also leads to

consistent measurement of syllable duration using an automatic aligner.

3.3.3 Sound interval extraction

3.3.3.1 Syllable timing database

The syllable (word) tier of each TextGrid file was converted into a more reader-
friendly plain text (TXT) file where each row contained temporal information of
a syllable. All the plain text files were assembled into a comma delimited CSV
file to store the large tabular data. Rows of irrelevant syllables, non-speech, and
silent intervals were removed from the CSV file, while metadata including the
speaker ID and the enumerated sequence of syllable repetitions were added as
columns. It was found that some participants occasionally repeated some syllables
only five times or more than six times. This syllable timing database was further

used for durational analysis.

3.3.3.2 Trimming and zero-padding

To extract the target syllables from the recordings, sound trimming scripts were
created utilising the trim command from SoX and time stamps of sound intervals
from the TextGrid files, and each output WAV file of a syllable was assigned a
unique filename rich in contextual information (e.g. dp1014<1s1.7025f2.2825, which
consists of the task code, speaker ID, Chinese character, enumerated sequence,
starting and ending time stamps).

Sound intervals with finely-aligned boundaries, in particular short intervals,
were not the most suitable for frame-based acoustic measurements such as fy and
intensity, given the analysis window. When the minimum periodicity frequency is

set to be the default 75 Hz, Praat (Boersma & Weenink, 2017) does not compute
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fo values in the first or last 20 ms of each sound interval because the analysis
requires a 40 ms window for every pitch frame. Likewise, the effective analysis
window for intensity analysis is about 3.2/75 = 42.67 mg'| (Boersma & Weenink,
2017). Therefore, 50 ms of silence was added to both edges of each sound interval
to prevent such information loss due to windowing.

These zero-padded speech tokens constitute the audio data for subsequent
analysis. Tokens with intermittent laughter or overlapping speech were discarded.
The slight imbalance in the number of repetitions can be taken care of in the

statistical analysis.

3.3.4 Acoustic measurement

Apart from the syllable duration measurement from the forced aligner, f, was mea-
sured using Praat’s algorithm Sound: To Pitch, which is based on an autocorrelation
method (Boersma, 1993)). The pitch floor and pitch ceiling of the algorithm were set
to 75 Hz and 550 Hz respectively. The choice of a wide f, range was because teenager
participants reached very high pitch, especially for high tones, during the elicitation.
To facilitate such a process for over a large number of audio files, a Python script was
created employing Parselmouth, a Python interface to Praat (Jadoul et al., 2018).

Two sets of fj estimates were obtained for each syllable via Python scripts: Set
A, fo estimates in every 10 milliseconds (ms) throughout the voiced region; Set B,
fo estimates at 21 equidistant points, which are at intervals of every 5% of the same
region. Set A was the main dataset for fy curve fitting, which will be introduced in
depth in and Set B was used for initial exploratory data visualisation since
it made fp data comparable across utterances at various time points.

The data of fy contours were stored in tabular format: in each row, an f value
corresponds to a time in second in Set A, and to a normalised time index ranging

from 1 to 21 in Set BEL The corresponding intensity value in dB was also available

4See Praat manual https://www.fon.hum.uva.nl/praat/manual/Sound _ To_Intensity
.html
°The fo data are in CSV files and available in the online supplementary materials.
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in the same row. The metadata or contextual information coded for each sound
token in were then added to the databases of f; contours.

Manual scrutiny and correction of the raw f, data was an extremely labour-
intensive process. The following subsections delineate how I identified and tackled
fo measurement problems in the monosyllabic datasets using an innovative and

semi-automated approach.

3.3.4.1 Problems of automatic f, measurement

Non-modal voice, especially creaky voice, tended to be the leading cause of
problematic or unreliable f; measurement. For example, the f; estimates of the
edges of many speech tokens often had a sudden jump to much higher frequencies,
deviating from the trend of the main body contour. Examining the sound waveform
and spectrogram of such tokens revealed that the upsurge in fy at the right edge
was likely to result from inaccurate f estimation of creaky phonation at the end
of a syllable, related to the termination of an utterance. Creaky voice may be at
much lower frequencies, and cannot be properly estimated when the f; values are
below the pitch floor setting of 75 Hz. In this case, Praat might instead pick out
small individual peaks in the highly damped long pulses of creaky voice, yielding
substantially high f, estimates. Figure [3.9 in demonstrates the high f;
estimates (approximately 500 Hz) of the creaky voice at the end of a Plastic Mandarin
syllable wu [u] ‘fog’ in black solid line. Without the setting of a much lower pitch
floor, the fy estimates of a creaky voice portion are highly likely to be problematic.

Creaky voice is pervasive in the recordings. There are tokens of which almost the
entirety is in creaky voice with some irregular pulses, and tokens that are partially
or fully diplophonic in nature. Figure [3.§| presents a Standard Mandarin syllable y
[i] ‘ant’ with creaky voice. The middle of the syllable portrays low rate of vocal
fold vibration and irregular fy pulses, and the ending part is also damped and
irregular pulses. A large percentage (64 %) of the Tone 3 syllables in Standard
Mandarin have creaky voice. Creaky voice is not an aberration but a canonical

feature of Standard Mandarin Tone 3. It is, however, not exclusive to Tone 3, but
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Figure 3.8: An example of irregular creaky voice pulses in the middle of the syllable 37
in Standard Mandarin. The creaky voice portions were highlighted.

likely to occur whenever there is a low pitch target (Kuang, [2017)). Such allophonic
phonation variation in the production of tones added difficulties in pitch tracking.
Even if Praat managed to generate accurate low fy estimates of some regular creaky
pulses in an utterance, the large plunge in f; was usually not perceived as large
pitch drop but coarseness in the voice. Such a large plunge would greatly influence
the subsequent functional modelling of the f, curve.

Another cause of unreliable f; measurement was voiceless obstruents. Occasion-
ally, there were exceptionally high f; estimates in intervals of burst or frication

noise of an obstruent consonant.

3.3.4.2 Trimming f;, measurements

Previous acoustic studies of f often trim an arbitrary portion of the measurements at
the edges of the vowel or syllable nuclei, to reduce fy perturbations from neighbouring
consonants or in the initiation and termination of the speech. For example, in
Keating and Kuo (2010)), the f; measurements for the first and last 2% of each target
interval were discarded; in Tang et al. (2019), the initial and final 5% of the vowel
were excluded; in Rose (1987), it was the first and last 10% of the duration of each
tone track; and in Stanford (2008)), as much as 25% of the beginning portion of a tone
token was trimmed. Removing a portion of contour edges can be helpful in excluding
unwanted fy estimates. It is, however, purely arbitrary to decide how much f

values to omit and the optimal amount might vary among different utterances.
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Figure 3.9: An example of trimmed fy track (black) of the syllable % wu in Plastic
Mandarin, marked in the text tier. fy track segments outside the marked interval were

removed.
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Figure 3.10: An example of trimmed fy track (black) of the neutral tone syllable %
ma, marked in the text tier. fj track segments outside the marked interval were removed.
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This study adopted an intensity-dependent approach to trim the edges of fy
tracks of monosyllables, whereby the intensity was measured along with each fj point.
For monosyllables, the intensity curve usually resembles an inverse U-shape, where
the beginning and end have a steep rise and a plunge respectively and the middle
portion reaches a plateau (see the pink dashed line in . My algorithm filters out
fo measurements in edge intervals of low intensity, by excluding f; estimates whose
intensity falls below one standard deviation below the mean intensity of the token.

Empirically tested, this method was conducive to excluding inaccurate fy
estimates at edges as well as attenuating effects attributed to a neighbouring voiceless
consonant, since its intensity is normally lower than a vowel. Figure |3.9]and Figure
[3.10 illustrate the trimmed fy tracks determined by the proposed algorithm. In
both cases, a few voicing pulses were excluded at the beginning, as were the creaky
pulses at the end of the vowel in Figure|3.9| and the reverberation pulses at the end
of the syllable in Figure [3.10. This algorithm, though, was not perfectly effective.
The presence of high-intensity creaky voice portions in a syllable may result in the

inadvertent inclusion of inaccurate fy estimates. Thus, further checks were required.

3.3.4.3 Dealing with problematic f, tracks

The following procedure was conducted to identify likely problem areas in the
trimmed fp tracks of monosyllables. Bespoke methods for addressing different
fo tracking problems will then follow.

First, the mean, standard deviation, minimum, and maximum of f; for each
token were calculated. Tokens with a large standard deviation (larger than 40 Hz),
a low minimum (lower than 80 Hz), or a high maximum (higher than 350 Hz) were
flagged for further check of their waveform and spectrogram. If fy values in a token
were close to the pitch floor, we re-ran the f; tracking algorithm for this token and
lowered the pitch floor setting so that fy estimates lower than 75 Hz were computed.

Second, extra short fy tracks or tracks with a large portion being removed were
checked. The algorithm might have trimmed edges more than we wanted sometimes,

especially when all first-pass fy measurements in a short token are “good”. In such
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Figure 3.11: Demonstration of visual inspection of fj tracks of all syllables by Speaker
112 in Plastic Mandarin.

cases we skipped the trimming step in order to preserve these very limited good fy
estimates in a track and prevent significant information loss for short utterances.

Third, fy tracks of each speaker grouped by tone categories were plotted in
semi-transparent colours in an overlaying manner and visually inspected. This
was needed because problems such as octave shifts were not easily identified using
previous methods. As demonstrated in Figure [3.11, the whole f; track of three
syllables including one [lo] in neutral tone, one [u] in Tone 2, and one [ma] in Tone
3 deviate from most of the fy curves in their tone categories. Their f, estimates are
approximately half of the fy of other repetitions of the same syllables. These were
highly likely to be pitch-halving errors or diplophonia. Moreover, other potential
fo outliers such as sudden jumps to over 300 Hz or drops to below 150 Hz are
markedly shown in Figure [3.11.

These remaining potential outliers and artefacts were further examined and
manually corrected in Praat, via editing the fy points (the Pitch object) in the
Pitch editor in Praat. For diplophonic or double pulsed utterances, the high f
values in the two concurrent periodicities were included because they resembled
the fp values of the modal voice counterparts, although the resulting percept of
diplophonic voice is often of an indeterminate pitch plus roughness (Keating et al.,
2015). As demonstrated in m the path of pink disks indicate the raw fy estimates
around 100 Hz, which is also signalled by the blue marks flanking each glottal pulse
in the waveform. In the selected region highlighted in light yellow background,

particularly from 0.11 s to 0.29 s, there is another line of digits around 200 Hz
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Figure 3.12: Editing fy estimates of 5 yi in Changsha by Speaker 117 in Praat. The
upper panel is the oscillogram and spectrogram. The lower panel is the PitchEditor
window in Praat. The digits in the PitchEditor represent the goodness of the candidate.
Original pulse-marking is in blue vertical bars in the oscillogram.

with the same strength attributes regarding the degree of periodicity (mostly 9).
The alternative contour is in line with f, estimates of other repetitions of the
same syllable. This highlighted portion is highly likely to be diplophonic and the
syllable-final portion after 0.3s is creaky too. For this token, the pink disks in
selection were moved an octave up, which was the upper path of digits around
200 Hz, and the remaining f, estimates were discarded. Other adjustment of the
Pitch object in the PitchEditor involved marking a few irregularly voiced pulses
as unvoiced to exclude inaccurate f; estimates.

After modifying the Pitch object, a Praat script was created to re-extract the
updated f; values in the desired time domain, for instance, 0.11s-0.29s in Figure
By manually setting the time domain for f; track of extra short utterances,
overly trimmed edge fy values can be restored. Monosyllabic tokens with a large
portion of aperiodic creaky voice without reliable f, data were excluded in the
pitch analysis. It should be noted that mostly f; estimates of modal voice portions
were included and not all f; contours were continuous. fy tracks may have a

few missing points in the middle.
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Despite the use of custom-written scripts to facilitate the identification and
trimming of fy measurement errors, manual checking and editing was still needed
and this process was extremely time-consuming. In all, about 32% of the Plastic
Mandarin, 36% of the Changsha, and 13% of the Standard Mandarin monosyllables
had minor adjustment of f; estimates, among which about 80% had irregular f,
values arising from creaky or diplophonic voice and were not removed or corrected
by the algorithm. The recording environment may have influenced the audio quality
and fp measurement, since the Standard Mandarin data that were collected in the

professional sound studio required less manual work.

3.4 Methods

Functional data analysis has been a valuable and fruitful collection of tools in various
fields (Ramsay & Silverman, 1997). The f; data registered on a continuum of time
can be considered as one-dimensional functional objects, curves. Hadjipantelis
et al. (2012), for instance, treated f, contours of Mandarin syllables as bounded
continuous curves. In this chapter, fy contours were represented by smooth functions
which explained the most variation. Following Grabe et al. (2007)), parametric
orthogonal basis functions, Legendre polynomials, were employed as basis functions.
Other alternatives include quadratic spline basis (Hirst & Espesser, 1993), discrete
cosine transformation (DCT) (e.g. Watson and Harrington, 1999; Graham et al.,
2016)), or functional principal component analysis (FPCA)(Gubian et al., 2015)).
Nevertheless, Legendre polynomials were utilised because the f; contour of a single
syllable, which was not expected to be very wiggly, can be easily represented by
a few number of interpretable and meaningful coefficients. The coefficients
were served as proxy data for the fy curves and used as the dependent variables
in a series of linear mixed effects models.

This section summarises the data, introduces the workflow of data analysis,
and outlines statistical methods, with a focus on fy curve data. The specific
statistical models pertaining to a particular research question and dataset will

be presented in the following result sections.
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3.4.1 Data summary

There are 2656 Plastic Mandarin tokens, 1765 Standard Mandarin tokens, and 1853
Changsha tokens in total. Tables |3.6|and |3.8| present a breakdown of the number of
speech tokens by categories of lexical tones and syllables in the datasets of Plastic
Mandarin, Standard Mandarin, and Changsha. Table [3.7 presents the number of
neutral tone tokens in Plastic Mandarin and Standard Mandarin. Apart from the
metadata, acoustic measurements including the syllable duration, the intensity and
fo trajectories are available for each token. The tables show that the datasets are

slightly imbalanced, which should inform our choice of statistical analysis.

IPA Tone Category

Count
Variety T1 T2 T3 T4
[i:] K 18 Y =
PM 125 124 126 (122) 125 500 (496)
SM 84 84 84 (69) 84 336 (321)
[ti] 1% :4] JEE H
PM 128 126 126 (121) 127 507 (502)
SM 83 84 84 (74) 84 335 (325)
[u:] = X iz %
PM 127 127 127 (123) 128 509 (505)
SM 84 84 83 (76) 84 335 (328)
[ma:] 15 Jfk 5 =
PM 122 122 (121) 127 (124) 127 498 (494)
SM 84 84 84 (75) 84 336 (327)
Count (PM) 502 499 (498) 506 (490) 507 2014 (1997)
Count (SM) 335 336 335 (294) 336 1342 (1301)

Table 3.6: The number of lexical tone tokens by categories in the Plastic Mandarin (PM)
and Standard Mandarin (SM) monosyllabic dataset. The numbers in brackets indicate
the numbers of tokens used for pitch analysis (Set A).

As a Plastic Mandarin speaker, I intuitively know that in terms of tone categories

morphemes in Plastic Mandarin are grouped the same way as in Standard Mandarin,
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(ma]  [do] o] [tso] [men]

. Count
ma " de 1Y le T zhe & men 1]
PM 124 129 (127) 130 129 (128) 130 642 (639)
SM 85 84 84 85 85 423

Table 3.7: The number of neutral tone tokens by categories in the monosyllabic datasets
of Plastic Mandarin (PM) and Standard Mandarin (SM). The numbers in brackets indicate
the numbers of tokens used for pitch analysis (Set A).

Tone

IPA Count
T1 T2 T3 T4 TH T6
[iz] K 158 LY = 5 —
7 77 76 77 (76) i 77 461 (460)
i £ ®m % W
80 77 77 76 7 77 464
7 79 7 78 76 76 463
[max] i Jfk & TH* = ®
(*[phaz]) 76 78 77 79(78)  76(75) 79 465 (463)

(
Count 310 311 307 310 (308) 306 (305) 309 1853 (1850)

Table 3.8: The number of lexical tone tokens by categories in the Changsha monosyllabic
dataset. The numbers in brackets indicate the numbers of tokens used for pitch analysis.

which can be verified by enumerating and classifying a large number of morphemes.
This observation is consistent with the findings in previous studies such as Jing
and Niu (2010). The Plastic Mandarin data of these 21 young speakers show that
pitch contours of morphemes in each column of Table [3.6 pattern together. For
instance, morphemes X ‘clothes’, 1 ‘low’, J& ‘house’ and % ‘mother’ share a
highly similar pitch contour. It worth mentioning that the morpheme /& ‘house’ does
not pattern with the other three morphemes in tone in Changsha (see Table .
This also indicates that Plastic Mandarin has the same tone categories (grouping
of morphemes) as Standard Mandarin.

The number of tokens used for duration analysis and pitch (fy) analysis are
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slightly different, given that a small percentage of tokens were produced almost
entirely in aperiodic voice and thus had no fy measurement. For pitch analysis, only
Set. A monosyllabic datasets were prepared for statistical modelling, while Set B
datasets were used to visualise the distribution of f, consecutively among speakers
throughout the production of tones. Set A of Plastic Mandarin contains 2636 f,
contours, and Set B 2618 f contours. Set A of Changsha contains 1850 f, contours,
and Set B 1848 f, contours. Set A of Standard Mandarin composes of 1724 f,
contours. Set B contains slightly fewer contours because utterances with creaky
portions in the middle of the vowel were excluded in Set B, due to the fact that
in Set B f; at specified equidistant times was likely to be estimated inaccurately
using the local linear interpolation method in Praat, susceptible to inaccurate or
missing fo associated with creaky voice in the middle of a Pitch object. About 64%
of Standard Mandarin Tone 3 syllables were creaky in the middle of an utterance,
thus Set B of Standard Mandarin was very imbalanced and not considered further.

This study focuses on fj trajectories of utterances in modal voice, for the purpose
of establishing the prototypical pitch pattern of citation tones. This does not make
the excluded tokens in other voice quality less important in our understanding
of the natural production of tones. I hope to explore the interaction of voice
quality and tone in future research.

The f, data of each monosyllabic token were dynamic trajectories instead of
measurements at a single time point or aggregated or averaged data over a timespan.
The datasets were hierarchical in nature: while individual measurements at various
time points were arranged into fy contours, the contours can be grouped according to
syllables, tones, and speakers, resulting in complex dependencies among individual
measurements. Figure [3.13 demonstrates the hierarchical data structure of the
combined dataset of Plastic Mandarin and Changsha monosyllables produced by
the same group of multilingual speakers. The statistical analysis should not neglect

these dependencies among the measurements.
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Language

Speaker vagiety Tone Syllable Repetition
Tone 1
Tone 2
Ry !
|
/ Tone 3
e/j one [t] o contour 1
,,*‘/ Tone 4
/ [mal] o contour 2
/
y’j
}J“‘ o contour 3
“a,\ o contour 4
V\'\‘ fp contour 5
o contour 6

Figure 3.13: Hierarchical structure of the combined dataset of Plastic Mandarin and
Changsha monosyllables. Each tier only shows one set of child nodes (others omitted to
save space) and all parent nodes in the same tier have the same child nodes. fy contours
1 to 6 are the six repeated tokens of each kind of syllable.

3.4.2 Data normalisation

3.4.2.1 Pitch Normalisation

To allow inter-speaker comparison, all f, values of a given speaker in a language
variety were normalised to semitones referenced on the speaker’s mean fy in that
variety. The speaker mean fy, fs, was defined over the average of the f; mean of

each tone in a language variety using the corresponding monosyllabic dataset

(Equations to [3.3).

fr=2 3" 1)
j=1
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Here fr is the average of all n f values of Tone T syllables in a given language
variety by a given speaker (17" € [0, 4] for Mandarin varieties; T' € [1, 6] for Changsha;
Tone 0 refers to the neutral tone). j is the index of each f; measurement of a

tone T syllable in a given variety by a given speaker.

fo= ! 24: fr (Mandarin) (3.2)
5120

_ 1.5

fs ==Y _ fr (Changsha) (3.3)
672

In this way, the speaker mean f, was not biased due to an imbalanced number of
tokens of each tone in the dataset. The f, value was in fact very close to the simple
average of all fos of a speaker (fy) in the monosyllabic dataset. Figure [3.14, for
instance, presents the histogram of fys by each speaker in the Plastic Mandarin
data, in which the two means (i.e. f, and fy), indicated by dotted vertical lines
in different colours, were mostly overlapping. The differences in Hz between the
two means were less than 3 Hz for all but two speakers.

Then, each fy value in Hz was transformed into semitone using Equation [3.4:

f; (semitone) = 12log, <in0> (3.4)

s

The reference frequency in this semitone transformation equation is the speaker mean
fs, thus an fy equates to the defined speaker mean when its semitone counterpart
is zero (f§ = 0). Equation @ is essentially the semitone difference between an
fo value and the speaker’s mean fy. Semitones can be used to approximate the
perceived pitch (Nolan, 2003). It should be noted that although the musical scale has
psychophysical validity for pure tones, it does not directly measure the perceptual
pitch of the speaking voice (Menn & Boyce, 1982)). This normalisation method
was considered the best among many others in preserving phonemic variation as

well as sociolinguistic variation, according to J. Zhang (2018).
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Figure 3.14: The distribution of fys of all speakers and comparison of two calculations
of the speaker’s mean. The defined fs is marked in orange and the simple average is in
blue.

3.4.2.2 Time Normalisation

The normalisation of time facilitates the inter-token comparison. In order to prepare
data for functional modelling using Legendre polynomials, the corresponding time
measure t; of each f; of a token, originally measured at 10 millisecond intervals,
was linearly scaled to the range of —1 to 1:

2(t; —t
t*f:u

-1 3.5
S (35)

Here ¢ € [1,m] is the index of all sample times of a token, and t,, represents
the final time measure, which is also the maximum time value. The normalised
time axis [—1, 1] was required because Legendre polynomials were defined over
the interval [—1,1].

An fy curve, frequencies in Hz in the course of time fy(¢), is now recast as

the function f3(t*) in the normalised domain.

3.4.3 Dimension reduction

Polynomials have been employed to model, smooth, categorise, and reconstruct f

contours in speech. S. H. Chen and Wang (1990) adopted the first four orthogonal
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(a) [lo] ‘PERF’ by speaker 110 (b) [u] “fog’ by speaker 101

Figure 3.15: Examples of best-fit polynomial models for Plastic Mandarin utterances.

Legendre polynomials to transform, encode, and reconstruct the pitch contour of
Mandarin segments. In Andruski and Costello (2004), both linear and quadratic
polynomial models of pitch contours achieved satisfying results in accounting for the
differences among the three low falling tones in Green Mong. Grabe et al. (2003)
found that the first two orthogonal polynomial coefficients effectively differentiated
utterance types such as declaratives, wh and yes/no questions, and declarative
questions in seven urban English dialects, and that the contribution of the coefficients
of higher terms was marginal. Their later paper (Grabe et al., 2007) adopted the
first four coefficients of Legendre polynomials to model and reconstruct seven
nuclear accents in English intonation phonology. Aston et al. (2010)’s analysis
of Luobuzhai Qiang using non-parametric curve estimation FPCA suggested that
a polynomial basis would be a good representation of the f, data, which was
determined from the eigenfunctions post processing.

In a similar way that Hadjipantelis et al. (2012) modelled a fj curve as realisation
of a stochastic Gaussian process and projected them in the lower dimensional space
where the FPC coefficients served as the axis system, this study projected f; curves in
the lower dimensional space where the Legendre polynomial coefficients served as the
axis system. Following the approach in Grabe et al. (2007), quadratic polynomials
of the form asz? + a2 + ay were first motivated for modelling the monosyllables.
As shown in Figure [3.15 (a), the linear and quadratic models are very similar for

the neutral tone syllable [lo] ‘PERF’, but the quadratic model in (b) gives a better
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--12(x)
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==10(x)

Figure 3.16: The first five Legendre Polynomials Lo(x) to Ls(x).

fit for the Tone 4 syllable [u] than the linear model by capturing the curvature.
Higher order polynomials relate to faster varying components of the utterance
and may model the data points with increasing fidelity, but such improvement
may not be significant. Higher order polynomials are also more likely to lead to
over-fitting, achieving poor generalisation. In this study it is desirable to keep the
degree of polynomials low so that all coefficients are straightforward to interpret and
understand, and potentially “filter” unstructured information out of original dataset.

Coefficients as, aq, and ay are, however, hardly independent of each other.
The use of orthogonal polynomials ensures the minimal correlations among the
coefficients that describe the shape of the contours. In line with S. H. Chen and Wang
(1990), Kochanski et al. (2005) and Grabe et al. (2007)), Legendre polynomials were
used, given that their coefficients are uniformly sensitive throughout the utterance.
Since Legendre polynomials are defined over the interval [—1, 1], the time axis of
fo curves was normalised to cover the range of the same interval. The first five
Legendre polynomials are shown in Figure [3.16.

The normalised f, data were then represented as a best-fit sum of Legen-

dre polynomials with unit variance, specified by a set of ¢; coefficients. These
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coefficients essentially quantify the weight of each Legendre polynomial in ap-

proximating an f; curve.

M(z) = ; a;x’ = g ¢; Li(z) (3.6)

In Equation M (z) represents the best-fit polynomial model of an fy trajectory,
M (z) = f;(t*), and x is the normalised time domain (z = t*). The q; coefficients
were obtained the Im function in R (R Core Team, 2021). The ¢; coefficients can
be derived through the a; coefficients, as in Equations [3.7 to [3.9 for quadratic
polynomials. The relevant Legendre polynomials are Lo(z) = 1, Li(z) = =z, and
Ly(z) = 3(3z* — 1) respectively.

1

Co = Qo + §CL2 (37)
C1 = ay (38)

2
Co = §a2 (39)

The procedure is demonstrated with the Legendre polynomials model for the
previous example in Figure [3.15 (b) by speaker 101, whose average fy was 219.8 Hz.
Following Grabe et al. (2007), the first three ¢; coefficients have the following

interpretations:

1) The first coefficient ¢y is the average fo of this monosyllabic utterance after
normalisation, predicted by the best-fit model. For this token, ¢y = 5.898, the
mean fj of this utterance is about half an octave (5.9 semitones) higher than

the speaker’s average fo.

2) The second coefficient ¢; is half the best-fitting slope of the utterance. So
c1 = 1.455 corresponds to about 2.91 semitones ascent in f, over time in this
utterance. The L;(x) in Figure [3.17 is the same as the linear fit in Figure
3.15] (b).

3) The third coefficient ¢, indicates the curvature. More precisely, it corresponds
to the trend of a parabola shape. In this case, co = —0.645 reflects a broad

rise or a concave shape in the centre of the utterance.
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Figure 3.17: Contribution of the first three Legendre polynomials in characterising
the pitch contour of the syllable [u] ‘fog’. The fy estimates in semitone are presented in
black dots. The weighted Legendre polynomials are drawn in dashed lines. The best-fit
quadratic polynomial is in a solid black line.

How each Legendre polynomial characterises an aspect of the shape of an f; contour
is illustrated in Figure [3.17, where the weighted Legendre polynomials are drawn in
dashed lines. To better illustrate the relation between the L;(x) and the original
contour, normalised f, data in black dots and the best-fit quadratic polynomial in
a solid black line are also provided as a reference. The weighted Ls(x) and L;(x)
are shifted upwards by ¢y to enable more straightforward visual comparison.

As each ¢; coefficient transforms some aspect of the shape of a pitch contour
into an interpretable quantitative estimate, each f; trajectory, originally a series
of correlated discrete observations, is now represented by only three coefficients.
The ¢; coefficients are low-dimensional encoding of the curves and can be used
as a surrogate dataset for the raw fy contours. The f, contours can, therefore,
be quantitatively compared across different conditions. These coefficients were
then further used as the dependent variables in a series of LME models, through

which meaningful categorical prototypes are built.

3.4.4 Linear Mixed Effects regression

Linear Mixed Effects models, with a combination of fixed and random effects, are
extremely flexible for modelling continuous outcomes where data are collected with
some sort of dependency structure between observations. It has been increasingly
used in various fields including phonetic research on fy. For instance, Evans et al.

(2010) incorporated a large amount of potential linguistic and human factors in LME
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models to test their effects on the vowel median f in Qiang. Aston et al. (2010)
built LME models not on a single value but on the whole time series of f; data.
LME analysis is capable of extracting the contribution of different effects and their
interactions and characterising the inherent random variation of the data.

In this chapter, LME models were employed for the analysis of both syllable
duration and fy contour. The reason for using LME models in this thesis is not
ad hoc, but based on their adequacy for repeated-measures design and uneven
sample sizes (Baayen et al., 2008). In the field of experimental phonetics, it is
widely accepted that subjects and lexical items impose idiosyncratic influence in
the realisation of an utterance (Winter & Grawunder, 2012). Clustering our data
according to these categories was therefore beneficial and reasonable, and the
differences within a category were modelled as random effects. Random effects
allow us to assume a different baseline response value for each independent factor.

The formal specification of a linear mixed effects model can be:
y=XB+Zb+e, e~N(0,0%I), b~N(0,0°L), b_Le (3.10)

where X is the design matrix of the fixed effects, representing factor contrasts and
covariates and (3 is the population coefficients; Z is the design matrix of the random
effects and b specifies the adjustment made to calibrate the expected values; N
denotes multivariate Gaussian (normal) distribution; L indicates independence
of random variables; ¥ is the variance-covariance matrix for the random effects,
relative to o2, the scalar variance of the per-observation noise term ¢ (Baayen
et al., 2008, p. 393).

The assumptions for an LME model include the linearity of the relationship
between predictors and response, normality of the residuals, homogeneity of residual
variance, and absence of collinearlity (Winter, [2013). From the formal specification
, the core assumptions are that the residuals and random effect coefficients
are independent and identically distributed (Schielzeth et al., 2020). While I have
not conducted a formal survey, my impression is that while an increasing number

of studies rely on linear regression methods to generate statistical inference, many
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of them did not mention assumptions check in their publication (e.g. Aylett and
Turk, 2006; Tang et al., 2017; Y. Wu et al., 2020), which is crucial to the validity
of the inferences. In the model design and selection phase in this thesis, I have
indeed encountered situations when assumptions were violated and I had to explore
alternative models or other robust methods to tackle the issues. Such discussion
is included in the relevant section describing specific models in chapter |5| (see
also Appendix [C.2).

The LME models in this thesis were implemented in R (R Core Team, 2021))
with the R packages 1me4 (Bates, Méchler, et al., |2015), ImerTest (Kuznetsova
et al., [2017), and emmeans (Lenth, 2021). An example of the model formula

expressed in the lme4 syntax is:
y~1+X+(14+X|2) (3.11)

where the random effects components are in brackets (1 4+ X|Z), and the remaining
1 and X denote the intercept and the fixed effect of X. The 1 + X preceding
the single vertical bar in brackets indicates correlated random intercept and slope.
The “1”s can be omitted in the formula. For more model formulas, see Bates,
Méchler, et al. (2015). The specific models in the analyses will be presented

in the form of 1lme4 syntax.

3.5 Duration of Monosyllables

This section reports on the duration of monosyllables in the three varieties, with an
emphasis on the differences between the two Mandarin varieties and on the neutral
tone syllables. We answer the research questions: how long is a syllable in isolation
in Plastic Mandarin, Standard Mandarin, and Changsha? and does tone category

and syllable structure have an impact on syllable duration?

3.5.1 Statistical method

Three groups of linear mixed effects (LME) models were used in the analysis with

the aid of R (R Core Team, [2021), Ime4 (Bates, Méchler, et al., 2015)), imerTest
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(Kuznetsova et al., 2017) and emmeans (Lenth, 2021)) to explore sources of variability
in the data, given the unequal sample sizes in different categories and repeated
samples from the same individuals. The full script and results of the statistical
analysis are available in the RMarkdown file Monosyllables Duration Analysis in
the online supplementary materials.

The first group of LME models were based on all lexical tone syllables in a
language variety as in Tables [3.6 and [3.8, to analyse the effect of syllable type
and tone category on the duration of a monosyllable. Neutral tone syllables were
not involved because they comprised a completely different set of syllables, whose
inclusion would make the datasets extremely imbalanced. In this group, Duration
was the dependent variable, Syllable ([i], [ti], [u], and [ma]), Tone (T1, T2, T3, and
T4 for Mandarin subsets; T1, T2, T3, T4, T5, and T6 for the Changsha subset) and
their interaction term were included as fixed effects. Random intercepts for speakers
and by-speaker random slopes for both Syllable and Tone were included. For the
Changsha dataset, the [ma] set was dropped given that it did not cover all the tones.

The second group of LME models analysed the relationship between the syllable
type and duration of a monosyllable for the neutral tone syllables and the neutral
tone subset of a Mandarin variety was used. In the model, Duration was the
dependent variable and Syllable ([ma], [do], [Io], [tso], and [mon]) was the fixed
effect. As random effects, I had intercepts for speakers and by-speaker random
slopes for the effect of Syllable.

For these two groups of models, visual inspection of residual plots did not reveal
any obvious deviations from homoscedasticity or normality. Package ImerTest
was used to provide the Kenward-Roger approximation of degrees of freedom to
compute p-values for F' tests. The emmeans() function from package emmeans
was used to calculate estimated marginal means and conduct Tukey adjusted
pairwise post-hoc comparisons.

Thirdly, in order to analyse the relationship between the language variety and
duration of a monosyllable, five subsets of Mandarin data based on the five tone

categories were created, and for each tone an LME model was used to determine
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whether the variety of Mandarin significantly affect the duration and to compare
the mean duration of the two Mandarin varieties. Each subset contains the duration
data consisting of the same set of syllables in both Plastic Mandarin and Standard
Mandarin. For example, the Tone 3 Mandarin subset contains duration data of
speech tokens [i] B ‘ant’, [ti] JIE ‘bottom’, [u] E ‘martial art’, and [ma] & ‘horse’
in both Plastic Mandarin and Standard Mandarin. In the main model of each
subset, Duration was the dependent variable, Variety (Plastic Mandarin, Standard
Mandarin) and Syllable ([i], [ti], [u], and [ma] for lexical tone subsets; [ma], [da],
[lo], [tso], and [mon] for neutral tone subset) were the fixed-effect factors, and
Speaker was the random-effect factor. Random intercepts for speakers and by-
speaker random slopes for Syllable were included. Visual inspection of residual
plots did not reveal any obvious deviations from homoscedasticity or normality.
Likelihood Ratio Test was used as means to attain p values (Winter, 2013) for the
fixed effect of Variety. In each case, the main model that included the fixed effect
Variety, model,qrier, illustrated below in R syntax (package Ime4 ), was compared
against a reduced model without it, modely,e.

modelyyse : Duration ~ Syllable + (1 + Syllable|Speaker)

modelygricty : Duration ~ Variety + Syllable + (1 + Syllable|Speaker)

The effect of Variety is significant if the difference between the likelihood of
the two models is statistically significant. In most models, the interaction term

Variety*Syllable was not significant and not included.

3.5.2 Duration and tone

The average duration of monosyllables in the Plastic Mandarin, Standard Mandarin,
and Changsha dataset is 378 ms (o = 79.5 ms), 413 ms (¢ = 114 ms), and 380 ms
(o0 = 70.5 ms) respectively. The variation in duration of monosyllables is larger in
Standard Mandarin than that in Changsha and Plastic Mandarin. It should be
noted that (only) the Changsha dataset does not include neutral tone syllables.
Figure [3.18 presents the average duration and standard deviation of each tone in

Changsha. On average, the shortest tone in Changsha is Tone 5 (1 = 350 ms, o = 65
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Figure 3.18: Duration of monosyllables by tone categories in the Changsha. The error
bars indicate £1 standard deviation.

ms) and the longest tone is Tone 2 (u = 408 ms, ¢ = 66 ms). The Tukey adjusted
pairwise post-hoc comparisons of the least-square mean of each tone estimated from
the linear mixed effects models indicate that both Tone 4 and Tone 5 of Changsha
are statistically significantly shorter than the other tones and that the difference
between Tone 4 and Tone 5 is not statistically significant. Both Tone 4 and Tone 5
of Changsha evolved from the same qu tone category (III) in Middle Chinese.
The average duration and standard deviation of each tone in the two Mandarin
varieties are displayed in Figure |3.19a. On average, the shortest tone is neutral
tone in both Mandarin varieties, about 349 ms (¢ = 84 ms) in Plastic Mandarin
and 308 ms (0 = 85 ms) in Standard Mandarin. The longest tone in Plastic
Mandarin is Tone 2 (¢ = 419 ms, 0 = 69 ms), while in Standard Mandarin is Tone 3
(1 = 538 ms, o = 87 ms). Tone 3 being the longest tone in Standard Mandarin has
been consistently reported in previous studies (e.g. Blicher et al., [1990; Y. Xu, |1997;
Liu and Samuel, 2004; F. Wu and Kenstowicz, 2015). The long duration has been
identified as an exclusive secondary cue in the perception of Tone 3 of Standard

Mandarin (Q. J. Fu and Zeng, 2000; Blicher et al., |1990; Liu and Samuel, [2004).
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The shortest lexical tone is Tone 4 in both Mandarin varieties, about 359 ms
(0 = 64 ms) in Plastic Mandarin and 348 ms (0 = 63 ms) in Standard Mandarin.
In fact, this study replicates the duration hierarchy Tone 3 > Tone 2 >Tone 1 >
Tone 4 in the earlier studies of Standard Mandarin published about 50 years ago
(A. T. Ho, |1976; Dreher and Lee, 1968). The diachronically consistent durational
findings of Standard Mandarin are mostly in line with cross-linguistically systematic
differences in duration among different types of tones - one of the universal phonetic
tendencies is that syllables with falling tones tend to be shorter than those with
rising tones with other things being equal (Gandour, |1977; Blicher et al., [1990)).
Tone 4 in Standard Mandarin is a falling tone. There is considerable evidence of a
physiological basis for the articulation asymmetry that it takes longer to implement
a rising pitch than a falling pitch of the same extent (Ohala, [1978; J. Zhang, 2004).
The physiological account, nevertheless, cannot explain Tone 4, the high rising tone
(1), being the shortest tone in Plastic Mandarin. Interestingly, the duration of Tone
4 in Plastic Mandarin is similar to Tone 4 in Standard Mandarin (\) despite the
tone pattern differs dramatically. The pitch patterns of tones will be introduced
in the following sections. The occurrence frequency account seems promising. In
Y. Wu et al. (2020)’s corpus study of Standard Mandarin continuous speech, Tone
4 is the most frequently used tone (34.9%), followed by Tone 1 (24.8%) and Tone 2
(23.9%), and Tone 3 is the least frequent tone (16.4%). More specifically, Tone 4 is
the most frequent tone in monosyllabic words, as well as almost all syllable positions
in disyllabic and trisyllabic words (F. Wu & Kenstowicz, 2015). For monosyllabic
words, the occurrence frequency hierarchy is Tone 4 > Tone 1 > Tone 2 > Tone 3 in
their corpus. This suggests an inverse relationship between frequency and duration.

Figure[3.19b further shows the distribution of the duration data by tone categories
and the comparison of the means of duration between the two Mandarin varieties.
The analysis of linear mixed effects models shows that the addition of the factor
of Variety enabled statistically detectable difference between the two models (i.e.
modelygricty and modelyyse) in the neutral tone Mandarin data subset (y*(1) =

9.66, p = 0.0019**) and Tone 3 Mandarin data subset (x?(1) = 36.08,p < .001***).



110 3.5. Duration of Monosyllables

0.6 4
@ 0.4 ]
QE, Variety
i . Plastic Mandarin
c )
8 . Standard Mandarin
=
0.2
0.0+
0 1 2 3 4
Tone
(a)
.
0.8 rkk
*
[ —
° ° °
° $ M
0.6+ s
] .
T 2 Variety
g E Plastic Mandarin
[ E Standard Mandarin

0.2+

(b)

Figure 3.19: Duration of monosyllables in the two Mandarin varieties. (a) The mean
duration by tone categories. The error bars indicate +1 standard deviation. (b) The
distributions of the duration data through their quartiles by tone categories.

In other words, there is statistically significant difference in duration between the
two levels of Variety, Plastic Mandarin and Standard Mandarin, with regard to
neutral tone and Tone 3. For neutral tone, a Standard Mandarin monosyllable is
about 58.5 £18.5 ms (standard errors) shorter than a Plastic Mandarin counterpart.
For Tone 3, a Standard Mandarin monosyllable is about 160 +21.9 ms (standard

errors) longer than a Plastic Mandarin counterpart.
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3.5.3 Duration and syllable structure

Since the standard deviation for neutral tone syllables is relatively high in both
Mandarin varieties, I first examined the segmental pattern of a syllable (represented
by Syllable) as a source of variability in the citation form of neutral tone syllables.
Syllable affects the duration of the citation form of a neutral tone syllable in both
Plastic Mandarin (F(4) = 8.38,p < .001"**) and Standard Mandarin (F(4) =
19.52,p < .001**), in a similar way. Figure @ presents the duration of neutral
tone monosyllables by segmental patterns in the two Mandarin varieties and the p
values of the statistically significant pairs from Tukey adjusted pairwise post-hoc

comparisons of the levels of Syllable effect in the linear mixed effects models.
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Figure 3.20: Duration of neutral tone monosyllables by segmental patterns in the two
Mandarin varieties. The numbers on the top indicate p values from Tukey adjusted
pairwise post-hoc comparisons. p values larger than .05 are not shown.

In both Mandarin varieties, [to] is the shortest syllable, and statistically signifi-
cantly shorter than [lo], [ma], and [mon]. Meanwhile, [mon] is the longest syllable,
and statistically significantly longer than [to] and [tso], but not [ma] and [lo]. In
terms of syllable structure, [mon] is the only closed syllable with a nasal coda, CVN,
while the others are in CV structure. The results, thus, suggest that the presence

of a coda is not alone in leading to statistically significant difference in duration.
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For these neutral tone syllables, a concatenative view of segmental structure tends
to capture the general trend of syllable duration — [mon] is the longest given three
segments; sonorants such as [m] and [l] are typically longer than pre-vocalic stops;
[to] is the shortest in that [tso] has a fricative part that [to] does not.

The fact that /to/ is the shortest may also be related to the effect of lexical
frequency since it is the most frequent item (R. Xiao, 2009). A wealth of recent
studies report that frequent or predictable words are shorter and exhibit lenited
characteristics (e.g. Jurafsky et al., 2000; Aylett and Turk, 2006; Gahl, 2008; Sherr-
Ziarko, 2015). Duration measurement may affect the findings too. The shorter
tokens /to/ and [go] have obstruent onsets, and the silent closure phase during
their production is hard to measure when they follow a silent pause. The closure
phase might not have been included fully in the token interval.

Figure [3.21 presents the duration of lexical tone monosyllables by tone categories
and segmental patterns in the two Mandarin varieties. The Tukey adjusted pairwise
post-hoc comparisons of the least squares means of different syllables estimated
from the linear mixed effects models indicate that [ma] is statistically significantly
longer than [i], [u], and [ti] in Plastic Mandarin about 38 £8 ms (¢(20) = 4.77,p <
001%%), 27 +5.5 ms (£(20) = 4.94, p < .001**), and 32 £6.8 ms (£(20) = 4.77,p <
.001***) respectively. In Standard Mandarin, [ma] is statistically significantly
longer than only [ti] about 30 £7.5 ms (¢(13) = 3.98,p = .0075**). When the
incomplete [ma] set was dropped in the Changsha dataset, the fixed effect of

Syllable was not statistically significant.

3.6 Pitch Contour of Citation Tones

This section presents the results of the analysis of fy contours of citation tones
in the three varieties, with an emphasis on the scarcely studied Plastic Mandarin.
We answer the research questions: what is the prototypical pitch contour of each
tone in Plastic Mandarin and how does it vary? and what is the prototypical pitch

contour of each tone in Standard Mandarin and Changsha?
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Figure 3.21: Duration of lexical tone monosyllables by tone categories and segmental
patterns in the two Mandarin varieties.

3.6.1 Statistical method

Data in Set B were used to explore the distribution of f; among speakers throughout

the production of a tone. Data in Set A were prepared for statistical modelling.

Following the method introduced in §3.4.2l and §3.4.3| each fy contour in Set A

was normalised and transformed into three ¢; coefficients, which were taken as the
dependent variables of a series of LME models. In this way, statistical models
of the shape of the normalised fy contours as a function of tone categories and
other contextual factors were built, to investigate the way speakers manipulate

fo to convey citation tones in the three varieties.
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The main independent fixed-effect predictors were the Tone categories (5 levels:
TO, T1, T2, T3, and T4 for Mandarins; 6 levels: T1 to T6 for Changsha; TO
represents neutral tone), with Speaker being a random-effect factor. Since syllables
with different vowels and structures were included in the datasets and repetitions
of the same syllable were sequential temporally, these contextual factors were also
incorporated in the models as Syllable and Position respectively to explore and
control their influence on the fy contours. The analysis was carried out in R (R
Core Team, 2021)), using the packages Imej (Bates, Méchler, et al., 2015) and
ImerTest (Kuznetsova et al., |2017)). With regard to the random-effect structure
of LME models, after an initial attempt to fit a ‘maximal’ model (Barr et al.,
2013) which failed to converge, only random intercepts were included to ensure
that the models were properly supported by the data and to avoid uninterpretable
overparameterised models in the absence of convergence (Bates, Kliegl, et al., [2015).
More specifically, the analysis for the Mandarin varieties was conducted in two

steps, summarised in the following Ime/ model formulae:

1) ¢; ~ Tone + Position + (1| Speaker)

The first set of LME models mainly investigate the effect of tone category on
the aspects of fy curves. Position was included as a fixed factor in the model,
which contained 6 levels represented by integers from 1 to 6 corresponding
to the first token to the last in a list of repeated sequences. It can account
for some potential f, variance attributed to the serial position of utterances,
similar to list intonation, or fy patterns that can occur on enumerations. It
is, however, hard to uniformly control the levels of Position across speakers.
Participants repeated the syllables in their own pace with longer or shorter
pauses. Therefore, the results of each level of the effect of Position would
hardly be theoretically generalisable. But the omnibus position effect can be
controlled to extract the contribution from 7Tone. Given that most neutral
tone syllables in the production materials do not share the same segments

as other syllables, we do not include a factor of syllable type at this stage.
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Alternative models with an interaction term of Tone and Position added were
also examined, but the interaction term was not significant in the models of ¢
and cs. The interaction term is thus not considered further. More discussion

of the interaction term is provided in §3.6.2.2.

2) ¢; ~ Tone + Syllable + Position + Tone : Syllable + (1| Speaker)

The second set of LME models further investigate the effect of the segmental
pattern of a syllable represented by Syllable on the aspects of fy curves. A
subset of each Mandarin dataset excluding the neutral tone syllables was used,
so that each syllable type covers all four lexical tone categories (T1, T2, T3,
and T4). Most interaction terms were not significant and not included. The
two-way interaction term Tonex Syllable was found to be significant, and was

examined and discussed in §3.6.2.3.

The LME model formulae of Changsha data is summarised as below:

¢; ~ Tone + Syllable + Position + (1| Speaker)

The effect of Syllable and Position was included so as to be controlled when the
effect of Tone was focused. Given that not all syllables were combined with all tone
categories in the data, the interaction term Tonex Syllable was not considered.

Prior to the LME analysis, assumptions of the models, i.e. linearity, absence
of collinearity, homoscedasticity, normality of the residuals, and influential data
points, were carefully checked. No violations of the assumptions were found and
influential data points were marked for further examination. The significance of
the fixed effects was estimated using the ANOVA function in the ImerTest package
(Kuznetsova et al., 2017) and the Kenward-Roger Approximation from the pbkrtest
package (Halekoh & Hgjsgaard, [2014) was used to derive the denominator degrees
of freedom. For significant fixed effects, Bonferroni adjusted post-hoc comparisons
were performed on the multilevel factors (or interactions), and marginal means in
least-square predictions from the LME models for all levels were obtained, using
the emmeans package (Lenth, [2021). Least squares means generalise the average

for unbalanced data or groups in complex design with covariates (Lenth, 2016]).
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3.6.2 Prototypical citation tones in Plastic Mandarin

We hypothesize that some invariant features or prototype of a fy contour mark each
tone category to differentiate lexical meanings. In this section, LME models of fj
curve parameters were employed to extract the effect of tone categories.

Prior to the statistical analysis, Set B data (fy contours at 5% intervals) were
helpful for us to visualise and compare the extent of variation exhibited in the
extracted fp data throughout the production of a tone. The probability density
distribution of all normalised fy data at every 5% of the voicing portion of each
syllable grouped by tone categories is displayed in Figure [3.22, where the upper
panel offers a comparative angle with superimposed f; distributions of all the tones
and the lower panel presents the fy distribution for each tone. In Figure most
distributions have a single peak. The ridge or concatenation of the peaks of the
density distributions signalling the mode at all times portrays the most likely fy
contour for each tone. Both Tone 0 and Tone 3 have a downward f; trend from the
onset of an utterance, but the fy distribution is much wider for Tone 0, becoming
bimodal towards the end of an utterance. This means that neutral tone syllables
do not have a homogeneous citation tone shape. Tone 1 and Tone 2 have similar
fo distribution at the end of an utterance, but Tone 2 has a distinct overall curve
shape. The fy distribution of Tone 4 largely occupies a higher region of fy (0 - 10
semitones) without much overlap with other tones. The distribution is much wider
towards the end of a Tone 4 than the other non-neutral tones.

The variation of fy contours in the same tone category revealed in Figure [3.22]
may be attributed to many factors, as suggested by previous literature, such as vowel
intrinsic pitch (e.g. Shi and Zhang (1986), Whalen and Levitt (1995)), consonant
voicing (e.g. House and Fairbanks (1953)), the location of a syllable in speech (e.g.
Selting (2007)), word frequency and ambient noise (e.g. Y. Zhao and Jurafsky
(2009)), and differences in physiological, social, emotional factors and so on that
jointly expressed as speaker idiosyncrasies (Baayen et al., 2008)). In this study
we incorporated the factors of syllable segmental pattern, location of a syllable

in a list, and speaker ID in the LME models.
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Figure 3.22: The distribution of fy in semitone of five tones by all speakers across time.

The fo curve coefficients derived from Set A data (10 ms sampled data) were
used in the LME models. The fixed effects results of Tone and Position in the
first set of LME models are presented in Table and Table [3.10 respectively.
For transparency, the dependent variables are referred to as Average (cg), Slope

(c1), and Curvature (c2) in the analysis.

3.6.2.1 Tone category

Table shows that tone category has highly significant effect on the average, slope,

and curvature trend of an f contour. Post hoc tests depict the main effect of Tone
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Tone Category

Tone 0 Tone 1  Tone 2 Tone 3 Tone 4
Average ¢ Main Effect F(4,2606.7) = 2331.807, p <.001%**

9O Ppost-hoc Tests  —1.728  0.447  —1.785  —3.268  4.439
Slove o Main Effect F(4,2606.1) = 624.0823, p <.001%**

pe Post-hoc Tests —0.9832  0.0748 1.2633 —1.5763  0.7428
Curvature ¢ Main Effect F(47 2606.1) = 291.0027, p <.001%**

2 Post-hoc Tests  0.165 0.144 1.254 0.233  —0.652

Table 3.9: Results of the fixed effect Tone in LME models of Legendre coefficients. Post-
hoc tests show the Least Square Means for each level. Items in bold indicate significant

findings.

Predicted Average of f, by Tone

Predicted Slope of fy by Tone

Predicted Curvature of fy by Tone
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Figure 3.23: Predictions and pairwise comparisons of ¢; for all tones in Plastic Mandarin.
Results are average over repetitions. Error bars indicate the 95% confidence interval of
the least squares mean. Means sharing a letter are not significantly different (Bonferroni-
adjusted comparisons).

in Figure [3.23, where the least-square mean of each tone and its 95% confidence
interval is shown and the results of pairwise comparison are summarised in letters.

From Figure [3.23, lexical tones T1, T2, T3, and T4 are significantly different
from each other in the first two coefficients. In other words, the average of an f
contour distinguishes the four tones, so does the slope. Tone 4 is the highest tone,
on average about 4.4 semitones higher than the speaker mean, whereas Tone 3 is
the lowest tone, on average about 3.3 semitones lower than the speaker mean. Tone
1 tends to be in the centre of the tonal space comprising the five tones, while Tones
2 and 3 are lower. As expected, the slope of Tone 1 is very close to 0, indicating
its flat linear trend. Both Tone 2 and Tone 4 are rising tones, and the average f

increase over the course of a syllable is about 2.5 and 1.5 semitones respectively.



3. Citation Tones of Plastic Mandarin 119

Position
1 9 3 4 5 6
4 Main Effect F(5,2607.5) = 10.587, p <.001%**
VETA9€  post-hoc Tests  —0.045  —0.254  —0.355  —0.442  —0502  —0.674
g Main Effect F(5,2606.2) = 1.4318,p = 0.2095
ope Post-hoc Tests  —0.0091 —0.0597 —0.0819 —0.1142 —0.1207 —0.1888
Curvature Main Effect F(5,2606.2) = 0.8764,p = 0.496

Post-hoc Tests 0.294 0.219 0.214 0.182 0.212 0.254

Table 3.10: Results of the fixed effect Position in LME models of Legendre coefficients.
Post-hoc tests show the Least Square Means for each level. Items in bold indicate
significant findings.

Neutral tone and Tone 3 have falling slopes and the average f, drop is approximately
2 and 3.2 semitones respectively. Tone 2 has the largest positive ¢y least-square
mean, indicating a curvy concave upwards shape in the centre of the utterance.
In contrast Tone 4, another rising tone, has a concave downwards curve. Other

tones are generally much less curvy than Tones 2 and 4.

3.6.2.2 Position

The effect of serial Position is only significant on the average of an f; contour
(see Table , but not on the slope nor the curvature. We do not expect the fy
contours of reduplicated utterances to be very different. The average ¢y least-square
means of each repetition across tones are presented in Figure [3.24. The overall
pitch declines as repetition accumulates but the magnitude of change is small
compared to that in Figure [3.23. Such fy declination is similar to the gradual
downtrend in f over utterances of list reported in literature such as the sequence
of step accents in the berry list in Liberman and Pierrechumbert (1984, p. 171).
Participants tended to treat the six repetitions of each syllable as a sequentially
organised list. Some even produced all repetitions of a syllable in one breath group
before moving into the next. The difference of the average f; between an initial
utterance and the corresponding final utterance is statistically significant. The

finality of a exhaustive list may be marked by the falling pitch.
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Predicted Average of fy by Repetition
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Figure 3.24: Predictions and pairwise comparisons of ¢y for all positions. Results
are average over tones. Error bars indicate the 95% confidence interval of the least
squares mean. Means sharing a letter are not significantly different (Bonferroni-adjusted
comparisons).

The interaction of Tone and Position was statistically significant (F'(20,2586.1) =
3.996, p < 0.001***) in the LME model for Slope, that is, Slope ~ Tone + Position
+ Tone : Position + (1| Speaker), although the effect of Position is not significant
(F(5,2586.2) = 1.941,p = 0.0844). The estimated marginal means of ¢; for
combinations of predictors Tone and Position are presented in Figure [3.25] where
adjusted predictions were generated by varying the focal variable while holding
the non-focal variable constant. From the left graph in Figure [3.25, the means
at various positions cluster together around the predicted means for each tone as
shown in the middle graph in Figure [3.23] which reveals that the interaction effect
is tiny compared to the main effect of Tone, despite being statistically significant.

In Figure the initial token in general has a larger absolute value of the
predicted slope (c1) than other repetitions of the same syllable, indicating a steeper
slope of the fy contour and therefore often a larger pitch range. In other words, this
suggests that the first utterance may be hyperarticulated. Such hyper-articulation
effect tends to be the largest for the highest tone Tone 4, which is consistent with
Liberman and Pierrehumbert (1984)’s observation that pitch range manipulations
exert larger effect on higher pitches. The position effect is attenuated for tones

with less fy excursion over time, such as Tone 1 and neutral tone. The absolute
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Figure 3.25: The estimated marginal means of ¢; across five tones and six repetitions.
Error bars indicate the 95% Confidence interval of the Least Square mean.

value of the predicted c¢; gradually diminishes in a slight degree with each repetition,

suggesting a gradually decaying pitch range.

3.6.2.3 Segmental pattern

Excluding the neutral tone syllables, we obtained a subset of the Plastic Mandarin
dataset in which each syllable was pronounced in four tones (T1 to T4), as displayed
in Table [3.3. This design will enable us to explore the effect of syllable segmental
pattern. More specifically, by comparing the set of [i:], [u:], and [maz:], the effect of
vowel intrinsic pitch may be examined. Comparing the set of [i] and [tiz] allows
us to probe into the effect of voiceless consonant onset.

The set of LME models based on the subset data incorporated one more fixed
effect syllable type represented by Syllable, and an interaction term Tone x Syllable.
The omnibus effects of the multilevel main factors and interactions are summarised
in Table [3.11. All four fixed factors significantly contributed to the variation of the
Average and Slope. The main effects except Position significantly affect Curvature.
Post-hoc tests showed that the effect of Tone remained similar to that in the
previous models (see results of T1 to T4 in Figure [3.23). Likewise, the Position

effect was much smaller in scale than Tone effect. When the repetition accumulated,
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Average Slope Curvature
Tone F(3,1956.6) = 3593.815, p***  ['(3,1956.1) = 725.789, p*** F(3,1956.1) = 381.860, p***
Syllable F(3,1956.6) = 32.902,p™**  F(3,1956.1) = 35.364, p*** F(3,1956.1) = 37.090, p***
Position F(5,1957.2) = 10.036,p***  F(5,1956.2) = 4.242, p***  F(5,1956.2) = 0.845, p = 0.518

Tonex Syllable  F(9,1956.5) = 5.426,p***  F(9,1956.0) = 6.523, p***  F(9,1956.1) = 2.255, p = 0.0166*

*

Significance codes: “"p < 0.001; “p < 0.05

Table 3.11: Results of the main effects and interaction effect in LME models of Legendre
coefficients.

the average fy of a contour gradually dropped (as in Figure @, but with different
cp means given the averaging results of only four tones instead of five tones), and
the slope of a contour levelled off slightly.

Figure |3.26| presents predictions of Average, Slope, and Curvature of a fy contour
for various syllables in different tones, and the accompanying tables show pairs
distinguished significantly by the corresponding factor (in bold). Overall, the effect
of Syllable is very small in magnitude compared to the Tone effect, as the dots in
four colors in Figure jitter around the estimated marginal means of each tone.
Since we do not have the data of [a:] syllables that are often used as interjections
in Mandarin, [ma:] with a voiced nasal onset can be used as a proxy for low-vowel
syllables with care (potential influence of the nasal onset), in comparison to high-
vowel syllables [i:] and [u:]. Figure shows the prototypical fy contour of each
syllable type in each tone, consisting of the fy means at every 5% of the normalised
duration (Set B data). Figure @ is conducive to identifying the vowel portion
(non-initial portions) in [maz:] syllables. For instance, the pitch differences between
[w] and [ma:] in Tone 1 and Tone 2 become more evident from about 20% of the
duration onwards (a nasal onset [m]| was usually about 10 to 20% in duration in
the data). Thus the pitch differences in this case mainly lie in the vowel portions.

The contours of the syllables [i:] and [u:] do not significantly differ in terms of
Average, Slope, and Curvature except that when they are in Tone 1, the average
of [uz] is approximately 1 semitone higher than the average of [i:]. [w] has the
highest average fy in Tone 1 amongst the four syllables. Similarly in Shi and
Zhang (1986)’s study on T1 monosyllables, the middle point f, of [u] was 12 Hz
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Tukey adjusted pairwise contrasts of ¢y

Pair Tone 1 Tone2 Tone3 Tone4
[i]1-[u] <.0001*** 0.4619 0.9998 0.298
[i]1-[ma] 0.5218 0.0003*** 1 0.1509
[ma:]-[t] 09969  0.0116* 1 0.963
[i:] - [ti:] 0.9985 0.9999 0.9999  0.9896
[ma]-[u] 0.0016** <.0001*** 0.9996 <.0001***

***p<0.001**p<0.01*p<0.05

Tukey adjusted pairwise contrasts of c,

Pair Tone1 Tone2 Tone 3 Tone 4
[i]-[u] 0.8155 0.9706 1 0.9854
[i] - [ma3] 1 <.0001*** 0.0206* 0.9782
[ma:]-[ti] 0.9455 0.0118* 1 <.0001***
[i:]-[tii] 0.8783 0.602  0.0241* <.0001***
[ma:]-[u] 0.7099 <.0001*** 0.0078** 1

***p<0.001*p<0.01*p<0.05

Tukey adjusted pairwise contrasts of c,

Pair Tone 1 Tone2 Tone3 Tone4d
[i:] - [u:] 0.9858 0.9678  0.3415 1
[i]-[ma] 0.0461* 0.0017** 1 0.0056**
[ma:] - [ti:] 1 0.0104* 1 1
[i]-t:]  0.0217* 1 0.9916 0.0392*

[ma]-[u] 0.0001*** <.0001*** 0.0926 0.0002***

%5 < 0,001 * p <0.01*p<0.05

Results are averaged over the levels of Position.

Error bars indicate the 95% confidence interval of the Least Square Mean.

Kenward-Roger's menthod for Degrees of Freedom.

Figure 3.26: The estimated marginal means of ¢; and pairwise contrasts across five
tones and four syllables. The tables contain the Tukey adjusted p values of pairwise
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Figure 3.27: Average fy contour of different lexical tone syllables by all speakers.
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higher than that of [i], and 30 Hz higher than that of [a] on average. The average
fo of [uz] tends to be significantly higher than [ma:] in all tones but Tone 3,
and their estimated difference was about 0.69, 1.16, and 0.91 semitones in Tone
1, Tone 2, and Tone 4 respectively. In fact, the four types of syllables do not
significantly differ in terms of the average fy, and the curvature when they are in
Tone 3, the lowest tone. Such results are consistent with Whalen and Levitt (1995))’s
observation on tone languages that the low tones failed to show the intrinsic f
effect of vowels. In Whalen and Levitt (1995)’s review of 31 languages, the mean fy
difference between high and low vowels was about 1.65 semitones. In this study,
the results of high back vowel [u:] are consistent with their claim, yet the high
front vowel [i:] exhibits a complicated pattern.

The contours of the syllables [i:] and [ti:] do not significantly differ in the
average fo across lexical tone categories in Plastic Mandarin. [ti:] has a slightly
steeper downward slope in Tone 3 but a less steep upward slope in Tone 4 than
[iz]. [ti:] is more curvy, concave upwards in Tone 1 and and less curvy, concave
downwards in Tone 4 compared to [i:]. Figure better illustrates their difference.
The contours of [tiz] (in green) feature a high f; onset followed by a small portion
of steep falling. For the first 5% of the contours, [ti:] is higher than [iz], and indeed
higher than all other syllables across four tonal environments. The first 5% data do
not significantly change the average fy of the whole contour, but influence the slope
and curvature trend in the polynomial fitting. The initial high fys occurring with
the preceding voiceless plosive has been observed in other languages (Hanson, [2009)
and such fj variation was mostly related to the attribute of voicing in the preceding
obstruent (e.g. House and Fairbanks (1953)), J. P. Kirby and Ladd (2016)) and
aspiration (C. X. Xu & Xu, [2003). In C. X. Xu and Xu (2003)’s study of Mandarin
Chinese, the onset fy of a tone was higher following unaspirated consonants than
following aspirated counterparts.

In sum, the effect of vowel, consonant onset, and utterance sequence on aspects
of fy contours is statistically significant. The magnitude of these effects are, however,

small compared to the main effect of tone category. The robustness of tone category
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Figure 3.28: Reconstructed fy contour of different Plastic Mandarin tones using predicted
¢;s from LME models. Reconstructed Tone 0 is less reliable, see §3.6.2.4

effect is crucial in accurately conveying the meanings. The analysis extracted the
effects of tone category, which determine the prototype of fy contour of a tone.
Figure reconstructs the fy contour of each tone using the predicted ¢y, c9, and
c3 from the first set of the LME models. In Plastic Mandarin, Tone 4 is a high rising
tone, Tone 1 is mid level tone, Tone 2 and Tone 3 occupy the lower pitch space
where Tone 2 rises to a mid pitch and Tone 3 falls to a low pitch. By employing
Chao (1930)’s tone letters and numerical notation on a 5-point scale, Tone 1 to
Tone 4 could be represented as 4 33, 4 23, J 21, and 1 45 respectively.
Although we have reconstructed an fy contour for neutral tone, it may not be
the most representative contour given the large variation and bimodal distribution

shown in Figure [3.22] The discussion of neutral tones continues in the next section.

3.6.2.4 Neutral tone in isolation

Few studies of citation tones include neutral tones. Neutral tone was analysed as a
contextual tone by many previous studies, and some very frequent syllables such as
Hde were considered “toneless” (X. S. Shen, [1992). Under the circumstance of cita-

tion tone without surrounding syllables, how do speakers pronounce a neutral tone?
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Figure [3.29] presents the average f, contours of different neutral tone syllables
in normalised time and the distribution of fy values every 5% of the duration using
the Set B data. Figure reveals that despite the fact that all these syllables
are classified as having neutral tone, some including [ma] and [mon] have distinctly
different contours while others [lo], [to], and [{go] have similar patterns. Comparing
Figurewith Figureand Figure we find that [ma]’s fy contours resemble
Tone 1’s, [mon]’s resemble Tone 2’s, while [lo], [to], and [{so]’s resemble Tone 3’s.

Neutral tone syllable [mon] has another dictionary pronunciation in Tone 2,
which seems to have been evoked during the elicitation session. [ma] is mostly
used as an interrogative particle at the end of an utterance. X. S. Shen (1989)
observed that yes/no questions, with or without the ma particle, ended with a
high to mid-high mean f, value, different from declaratives which had a low mean
fo ending point. The sentence-final particle ma is often produced with a high
tone, which was analysed by S. Peng et al. (2005) as a high boundary tone in
the ToBI framework and typically associated with interrogative intonation. One
possible explanation for a neutral tone syllable [ma] higher pitched than other
neutral tone syllables is that its frequent occurrence in boundary high pitch enabled
an association with a high tone, which is Tone 1 in Standard Mandarin. As the tone
categories of Standard Mandarin are inherited by Plastic Mandarin, citation form
of ma in Plastic Mandarin was mainly patterned with Tone 1. A high tone about 5
semitones higher than the speaker mean was also evoked by some participants, as
seen from the upper tail of the distribution of f; values of [ma] shown in Figure [3.29]

Particles [lo], [to], and [tgo] are claimed to have lost their tonal specification
and been inherently unstressed in Standard Mandarin (S. Peng et al., 2005). Here
their citation tones pattern together as a falling tone, start below the speaker mean
and end with a low pitch. This might suggest that these neutral tones be not
completely toneless but have an underlying low tone shape.

In order to compare such low falling neutral tone contours with contours of Tone
3, a subset data containing these syllables was created. Linear mixed effects models

¢; ~ Tone + Position + (Tone | Speaker) were then built to test if the shape of
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Figure 3.29: Average fy contour of different neutral tone syllables by all speakers. Colour
bands indicate 95% confident intervals.

Tone Position
Average (co) F(1, 20.00) = 19.45, p <.001*** F(5, 828.19) = 10.33, p <.001***
Slope (1) F(1, 20.00) = 0.01, p = 0.93 F(5, 828.55) = 10.20, p <.001***

Curvature (co) F(1,20.00) = 2.11, p = 0.16 F(5, 828.48) = 1.46, p = 0.20

Table 3.12: Results of fixed effects of tone category and repetition in the LME models of
Legendre polynomial coefficients for neutral tone syllables and Tone 3 syllables in Plastic
Mandarin.

Tone 3 and low falling neutral tone in Plastic Mandarin is significantly different.
The dependent variable is the ¢; coefficients while the main independent variable
is tone category, represented by Tone (Tone 3 and Tone 0) in the formulae. Same
as the formulae in the previous section, Position in a repeated sequence was also
included as a fixed effect, and was controlled when we extracted the effect of Tone.
Speaker was included as a random effect, with random intercept and slope design.

Table |3.12| exhibits the analysis of these LME models. Tone 3 and the neutral
tone do not significantly differentiate in terms of their slope and curvature. They
differ, however, in average fy. The least-square means of Tone 3 and neutral tone are
—3.26 and —2.35 semitones respectively, averaged over the levels of Position. In other

words, Tone 3 is on average about 0.91 semitones lower than these neutral tones.

3.6.3 Citation tones in Changsha

In the literature, Changsha has six lexical tones. Firth and Rogers (1937) described

them as a low mid level tone, a low falling-rising tone, a mid falling tone; a mid high
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rising tone, a low falling tone, and a low mid rising tone, although they grouped the
mid high rising tone and the low falling tone under group 4. In R. Li (1998), the six
tones are represented in Chao (1930)’s system as: 1) 4 33, 2) 413, 3) N 41, 4) 145 or
155,5)d 21 or 111, 6) 4 24. This section presents the analysis of fy data of citation
tones in Changsha produced by a subset of the same group of participants who
contributed to the Plastic Mandarin data. These thirteen teenage Changsha natives
speak both Changsha and Plastic Mandarin (as introduced in subsection .

Similarly, Set B data of Changsha was employed to visualise the overall variation
in the course of producing a tone. Figure [3.30 shows the density distribution of
normalised fy data at every 5% of the duration grouped by the six tone categories.
For Tone 1, 2, 3, 4, and 6, most distributions are unimodal and the ridge portrays
the most likely fy contour. Both Tone 1 and Tone 3 have a relatively flat shape,
but Tone 3 is generally higher than Tone 1, with the fy distribution being wider
towards the end. There are three rising tones in Changsha: Tone 2, 4, and 6
have an upward f; trend since the onset of an utterance. Compared to Tone 2,
Tone 6 in general has a larger rise, especially in the later half of an utterance. f
values of Tone 4 are mainly distributed above 0, although there are some deviations
given the faint strips below 0. The f, distribution of Tone 5 bifurcates and there
are two different f, patterns: one resembles Tone 4; the other largely occupies a
lower fy region below 0. The variations in Changsha tones shown in Figure [3.30
reflect that Changsha is not as strictly prescribed as Standard Mandarin and that
perhaps Changsha is undergoing a change.

It was found that the bimodality exhibited in their production of Tone 5 is not
random but mostly attributed to the alternative pronunciation of the Tone 5 syllable
[w:] % ‘fog’. Figure demonstrates the two pronunciations of [u:] ‘fog’ by two
speakers. Speaker 110 has consistent f, contours for all Tone 5 syllables, which
match the description of a low falling tone in R. Li (1998)). Speaker 112, together with
all other speakers, adopted a high tone instead, similar to their Tone 4 f, contours.

Both pronunciations are acceptable and this is related to a more ubiquitous

phenomenon among Chinese varieties that some characters have differentiated
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Figure 3.30: The distribution of fy in semitone of six tones by all speakers across time.
The upper panel offers a comparative angle with superimposed fy distributions. The
lower panel separates the fy distributions for each tone.
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literary and vernacular readings (D.-a. Ho, 2015). R. Li (1998) stated that for
characters with two readings in Changsha, their vernacular reading is a low falling
tone J (tone pattern of Tone 5, historical ydng qu IIIb tone), while their literary
reading is a high rising tone 71 (tone pattern of Tone 4, historical yin qu Illa
tone). The doublets of readings result from language contact and reflect lexical
stratification under the influence of the standard language of education and literary
instruction at various periods (Norman, |1979), especially for non-Mandarin regions
such as Changsha. The discourse context, hence, matters. The morpheme [u:]
% ‘“fog’ may have activated disyllabic words such as 35 %& ‘smog’ (wi mai in
Standard Mandarin), which are relatively formal and academic vocabulary and
may in turn evoke its literary reading.

J. Peng (2006) claimed that many Changsha Tone 5 syllables with a vernacular
form of a low tone having their literary reading of a high tone was due to the
influence of neighbouring Southwestern Mandarin, in which the historical qu Tone
(ITI) has been maintained as a single tone category (modern Mandarin Tone 4)
while it was split into two registers that became modern Tone 4 and 5 in Changsha.
J. Peng (2006) thus predicted the trend of merging Tone 4 and Tone 5 in Changsha,
considering the levelling effect that Changsha is becoming more similar to Mandarin.
In this case, both morphemes [u:] %5 ‘fog’ and [u:] %5 ‘task’ in the speech materials
are Tone 4 in Mandarin, and participants may have thought them to be Tone 4 in
Changsha too. While it is hard to rule out the hypothesis that it is the Mandarin
group that has been exerting influence over the tone categories of Changsha spoken
by the young, there is not sufficient evidence to ascertain whether the source of
influence is the neighbouring Southwestern Mandarin or the national language
Standard Mandarin or both.

Figure [3.32 presents a simple mean model of f; contours of Changsha tones.
Informed by the bimodal distribution in Figure [3.30, Figure [3.32 labels the two
variants of Tone 5 (Tone 5A and 5B) and represents their average contours separately.
There were two variants of the Tone 4 morpheme [u:] 55 ‘task’ in the elicitation,

but they were not consistent among the group and each was spoken by only one
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participant. These variants (the faint strips below the main ridge in Figure
might be some sandhi form. However, without consistent data, they were not
considered and were removed in the modelling. The average f; contours of Tone
4 and Tone 5 variant (Tone 5B) largely overlap as shown in Figure [3.32. This
suggests that some morphemes in Tone 5 (Tone 5B) are merging with morphemes
in Tone 4 in Changsha.

Figure[3.33 reconstructs the fy contours of Changsha tones using the least-square
means prediction of ¢; coefficients from the LME models, having averaged the effects
of other factors. All minority variants including the Tone 5 variant (5B) and Tone 4
variants were not included in this model given they were extremely imbalanced (e.g.
Tone 5B consists of mostly [u:] syllables). According to Figure Changsha tones
produced by these young Changsha natives can be represented as 4 33, 4 23, ¥ 43,
45, 1 21, 1 24, with a Tone 5 variant being also 1 45. It worth noting that the 5-point
system may not be the most accurate in representing the fy height. Although both
Tone 3 and Tone 4 start with a “4”, the starting pitch for Tone 4 is much higher than

Tone 3. The choice of starting with a “4” for Tone 3 is to differentiate it from Tone 1.

3.6.4 Citation tones in Standard Mandarin

Standard Mandarin tones have been well established in extensive prior research
(e.g. Dreher and Lee, |1968; Lee and Zee, 2003). Our data mostly tally with the
prescriptive patterns in the textbooks and dictionaries: a high level Tone 1, a mid
rising Tone 2, a low dipping Tone 3, and a high falling Tone 4. Allophonic creaky
voice (Kuang, [2017) was extensively observed in the data, and the majority (64%)
of Tone 3 syllables have a creaky portion in an utterance or entirely creaky.
Figure [3.34 illustrates three variants of the same syllable in Tone 3 by the
same speaker, in which two features partial non-modal phonation: in (b) the vowel
shows modal-creaky-modal pattern, and the middle of (b) is characterised by low
rate of vocal fold vibration and irregular fy, while in (c) there is a full closure in
the middle. These two cases demonstrate variable acoustic realisations of the low

tone in Standard Mandarin. Yet the glottalisation is not simply a consequence
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Figure 3.34: Three tokens of [i:] ‘ant’ in Tone 3 by speaker 201. Creaky portions
highlighted. (a) modal voice with regular pulses throughout the syllable; (b) creaky voice
in the middle of the syllable. (c¢) a short ‘pause’ (glottalisation) in the middle of the
utterance.

of low tone. In contrast, in Yucatec Maya vowels with similar phonation pattern
(‘rearticulated vowels’) were analysed as long vowels marked for high tone (Frazier,
. Full glottal stop and creaky voice tend to occur as two common instantiations
of phonologically specified laryngealisation in many other languages such as the
Danish stod and Hawaiian glottal stops (Davidson, . At the end of all three
utterances, there are a few highly damped glottal pulses. The f; measurements of
these speech portions are very low, although Kuang and Liberman @ suggests
that the perceived pitch is much higher than the actual fy in such cases of creaky
phonation. In the present analysis, such low f; points and their associated time
were removed, and a continuous function was fitted to the remaining modal voice
fo points in the process of orthogonal polynomial modelling. Therefore, tokens
with creak in the middle of the vowel had a predicted modal voice trough, different
from the actual low f; measurement of the creaky pulses.

Figure |3.35 visualises the fy contours of Standard Mandarin neutral tones
syllables using geom__smooth command from the ggplot2 package. It is a similar

case to Plastic Mandarin that speakers did not have a uniform shape for neutral tone
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Figure 3.35: Smoothed conditional means using generalised additive models of different
neutral tones of Standard Mandarin; formula y ~ s(z, bs = “cs”), repeated measurements
from the same speaker were not handled in these models. Shades indicate the 95 %
confidence intervals.

syllables when reading them out in isolation. By comparing Figure [3.35/ and Figure
3.29| (a), we can find some common patterns: 1) Syllables [to] and [tso] in Standard
Mandarin have a falling pitch, similar to their Plastic Mandarin counterparts. Yet
the pitch fall is about 2 semitones in Standard Mandarin and about 4 semitones in
Plastic Mandarin. 2) Syllable [ma] has the highest pitch among the other neutral
tone syllables and a relatively flat shape. 3) Syllable [mon] has a dipping shape in
both Mandarin varieties, although the magnitude of pitch rise is different: about 2
semitones in Standard Mandarin and about 1 semitone in Plastic Mandarin. We
also notice the differences between the citation form of these selected neutral tone
syllables in the two Mandarin accents. The mean f; of the five neutral tone syllables
in the course of a tone in Standard Mandarin is in the positive domain, higher than
speaker mean, while in Plastic Mandarin it stays in the negative domain. Syllable
[lo] patterns with [to] and [so] in Plastic Mandarin, but not in Standard Mandarin.

Likewise the analysis of Plastic Mandarin tones, Figure [3.36 reconstructs the
prototypical fy contours of citation tones in Standard Mandarin, using the least-
square mean prediction of ¢; coefficients from the LME models, having averaged

the effects of other fixed factors. Neutral tone was excluded given its heterogeneous
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Figure 3.36: Reconstructed fy contour of different Standard Mandarin lexical tones
using predicted ¢;s from LME models.

within-category manifestations as shown in The reconstructed Tone 3 was based

on the Tone 3 syllables with modal voice or modal-creak-modal voice in the dataset.

3.7 The Origin of Plastic Mandarin Tones

Having established the prototypes of Plastic Mandarin tones and presented an
analysis of fy data of the corresponding speech materials in Standard Mandarin
and Changsha, this section further compares the fy contours of these varieties,
so as to explore the development of the tones in Plastic Mandarin. Given the
visual inspection of contours presented in §3.6 and the coefficient clusters in the
following §3.7.1] our initial hypothesis is: Plastic Mandarin has borrowed some
tone patterns of the corresponding Changsha tones.

In order to attest the origin of Plastic Mandarin tones based on our hypothesis,
one has to at least demonstrate that the similarities of the shape of f, contours
between Plastic Mandarin and Changsha are strongly present in the speech signal.
Our parallel datasets of Plastic Mandarin and Changsha from the same group of
multilingual participants served as a perfectly-controlled research ground where we

can track both group behaviours and individual performances. What’s more, we
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will also show that the Plastic Mandarin tone patterns are significantly different

from the patterns of corresponding tones in Standard Mandarin.

3.7.1 Three varieties in the functional parameter space

By comparing the prototypical tone patterns in Plastic Mandarin (Figure and
Changsha (Figure , we can see that several tone patterns are similar. In both
tone inventories, there is a tone pattern, of which the f; starts higher than all other
tones and continues to ascend: Tone 4, corresponding to historical tone category
yin qu IIla in both varieties. There is also a level tone that lies in the middle of the
tonal space: Tone 1, which corresponds to historical yin ping la in both varieties. In
addition, there are two tones that start low; one rises to a mid pitch towards the end
of an utterance: Tone 2, corresponding to historical ydng ping Ib in both varieties,
and the other continues to decline reaching the lowest pitch in the tonal space:
Tone 3 (yin shang Ila) in Plastic Mandarin and Tone 5 (ydng ¢u I1Ib) in Changsha.
Note that the former three cases have matching historical tone categories.

All fy contours were modelled by a sum of weighted Legendre polynomials

with three coefficients, which provided a quantitative description of the shape the
Co

contours. If we consider the three coefficients as a vector ¢ = |c¢; |, contours of
C2

the three varieties can be visualised as points in a 3D space. In Figure [3.37 (a),

data points of Tone 1 in all 3 varieties spread along the ¢y dimension, Standard
Mandarin data points mostly cluster towards the higher end of ¢y to as high as
5 semitones, while Changsha data points mostly cluster towards the lower end of
¢o- In both (a) and (b), Plastic Mandarin data points tend to lie somewhere in
the middle ground between Changsha and Standard Mandarin, with more overlap
with Changsha in (a). In (c) we can see three distinct clusters of data points with
little overlap, which indicates that the shapes of Tone 3 differ among the three
varieties in the data. Plastic Mandarin and Standard Mandarin points tend to be
similar on the ¢y dimension. In (d), Standard Mandarin data points of Tone 4 form

a distinct cluster with negative ¢y, while Changsha and Plastic Mandarin tend to
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Figure 3.37: Distribution of the coefficient vectors of Legendre polynomial models by
tone categories: (a) Tone 1; (b) Tone 2; (c¢) Tone 3; (d) Tone 4. cg, ¢1, and ¢y indicate
the average, slope, and curvature of a contour. Each graph is presented from a viewpoint
that shows the wide spread of data points (see 3D interactive visualisation online).

cluster together with positive ¢;. Standard Mandarin data points in general also
has lower ¢y compared to Plastic Mandarin and Changsha in (d).

Visual comparison of the three varieties shows more similarities of fy contours (a
greater degree of overlap of the clusters) between Plastic Mandarin and Changsha,
especially in terms of Tone 4. Given such observations, the hypothesis is worthy of
exploring: is Plastic Mandarin borrowing some tone patterns of the corresponding
tones in Changsha? If so, Plastic Mandarin would be a hybrid of Standard Mandarin
tone categories and some Changsha tone specification.

This following sub-sections assess the plausibility of this hypothesis by comparing
the similar tone patterns in Changsha and Plastic Mandarin, produced by Changsha-

Plastic Mandarin bilingual speakers under the same circumstance. These Plastic
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Mandarin tones are also compared to corresponding Standard Mandarin tones to

check if the differences are statistically significant.

3.7.2 Statistical method

Since thirteen participants contributed to the recordings of both Changsha and
Plastic Mandarin monosyllables, their data were selected in this comparative analysis.
The analysis concentrates on pairs of Tones 1, 2, and 4 of Plastic Mandarin
and Changsha, since Tone 3 in these two varieties differs greatly from visual
inspection. Subsets of the combined Plastic Mandarin—Changsha dataset on ¢;
coefficients of the 13 speakers (within-speaker design) were created by tone categories:
subsets of all Tone 1, Tone 2, and Tone 4 syllables. Meanwhile the same subsets
of another combined Plastic-Standard Mandarin dataset of all speakers (cross-
speaker design) were also created.

Linear mixed effects models were built to test if the similar tone pairs in Plastic
Mandarin and Changsha (i.e. PM Tone 1 and CS Tone 1, PM Tone 2 and CS
Tone 2, PM Tone 4 and CS Tone 4) are statistically significantly different. In the
same manner, the differences in these tone pairs in Plastic Mandarin and Standard
Mandarin (i.e. PM Tone 1 and SM Tone 1, PM Tone 2 and SM Tone 2, PM Tone
4 and SM Tone 4) are also tested. The main independent variable is language
variety, represented by Variety (2 levels: Plastic Mandarin and Changsha; or Plastic
Mandarin and Standard Mandarin) in the following formulae a) and b), while the
dependent variable is a ¢; coefficient. For each tone pair in each dataset, there
were three models, one for each ¢; coefficient.

a) ¢; ~ Variety + Syllable + Position + (Variety | Speaker)

b) ¢; ~ Variety * Syllable + Position + (Variety | Speaker)

For comparison of Tone 4’s (formula a), Syllable ([i], [u], [ti], and [ma]) and
Position(six levels indicated by 1 to 6) were also included as fixed effects. Interaction
between the two fixed effects were not considered given the imbalance in data
structure, where only [p"a] in Tone 4 was involved. For comparisons of Tone 1’s

and Tone 2’s (formula b), interaction term Variety x Syllable was considered given
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Speaker f, (PM) £, (CS) adjusted f,

102 230.86 231.96  234.11
103 197.00 208.75  207.23
104 191.95 201.03  198.35
105 177.60 174.31  177.77
106 115.80 131.97  127.34
107 106.78 103.98  107.04
110 232.03 236.33  237.53
111 210.88 227.87  221.90
112 230.49 22497  229.63
113 208.38 216.03  213.53
114 230.34 240.98  239.24
115 215.53 227.40  222.72
117 207.95 22156  216.92

Table 3.13: The speaker means (Hz) of the thirteen subjects. fs (PM) is based on five
Plastic Mandarin tones including neutral tones. fs (CS) is based on six Changsha lexical
tones. The adjusted f, is based on 10 distinct lexical tone patterns: four Plastic Mandarin
lexical tones plus six Changsha lexical tones, in which variant Tone 5B is grouped with
Tone 4.

the balanced data structure. Speaker was included as a random effect, with random
intercept for all models. For the Plastic Mandarin—Changsha dataset, by-speaker
random slopes for the main effect of Language were also included to capture speaker-
specific patterns in the language contrast. Random slopes for the effects of Syllable
and Position were dropped due to the convergence failure of the models.

The ¢; coefficients obtained from the previous analyses were based on the speaker
means that were defined over a full set of tones in one variety. The speaker means
calculated from datasets of different language varieties for the same speaker were,
therefore, different. A variety-independent speaker mean may offer some insights
into the pitch levels of tones in the two varieties. The speaker mean that is

uniform across varieties for the same speaker f, was then motivated and
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based on 10 distinct lexical tone patterns: four Plastic Mandarin lexical tones
plus six Changsha lexical tones, in which variant Tone 5B is grouped with Tone
4@ Table @ presents the speaker means for the 13 Plastic Mandarin-Changsha
speakers. With the adjusted f,, the ¢; coefficients had adjustments accordingly.
Only ¢y were affected since we modified the relative height of fy, contours. The
fixed effects of Syllable and Position were included here to absorb the variance
associated with them, and our main discussion focuses on the effects of Variety

and Variety x Syllable in the following sections.

3.7.3 Comparison of tone pairs

The following sections compare the fy contours of Tone 4’s, Tone 1’s and Tone 2’s

in the Plastic Mandarin—Changsha dataset and Plastic-Standard Mandarin dataset.

3.7.3.1 High rising Tone 4: Signature Xiang tone

The high rising tone patterns include the Tone 4 pattern of Plastic Mandarin and
the Tone 4 pattern of Changsha. Before we probe into the similar tone pairs of Tone
4 in Plastic Mandarin and Changsha, we first test if the difference in Tone 4 between
Plastic Mandarin and Standard Mandarin is statistically significant. The LME
models of all tone 4’s in the combined Plastic-Standard Mandarin dataset show
that Variety (2 levels: Standard Mandarin and Plastic Mandarin) is a statistically
significant effect in the ¢ (F(1,33) = 80.34,p < .001), ¢; (F(1,33) = 77.23,p <
.001), and ¢y (F(1,33) = 11.09,p < .01) of Tone 4. It indicates that Plastic
Mandarin Tone 4 is statistically significantly different from Standard Mandarin
Tone 4 in terms of all three aspects of a contour, i.e. average fy, slope, and curvature.
This is not surprising in that Tone 4 in Standard Mandarin is a high falling tone.

Figure [3.38 displays the distribution and central tendency of the coefficients

of the Tone 4 contours in the Plastic Mandarin-Changsha dataset, with jittered

6As discussed in §3.6.3L some morphemes in the Tone 5 category in Changsha has a literary
pronunciation (5B), which has the same tone pattern as Tone 4, since Tones 4 and 5 are evolved
from the yin and yang registers of the same historical tone, gu (IIT) tone respectively.
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Figure 3.38: Comparison of coefficients of high rising Tone 4’s in Plastic Mandarin
(PM) and Changsha (CS). The numbers indicate medians. The speaker mean fp in the
Changsha dataset is different from that in the Plastic Mandarin dataset for a speaker.

Variety Syllable Position

Average (c)  F(1,12.68) = 4.64,p = 0.051 F(4,575.36) = 21.36,p***  F(5,575.11) = 10.19, p***
Slope (¢y) F(1,12.29) = 3.13,p = 0.10  F(4,575.62) = 14.83, p*** F(5,575.18) = 6.61, p***
Curvature (c2) F(1,12.36) = 1.49,p = 0.24  F(4,576.54) = 35.78,p***  F(5,575.45) = 4.44,p = 0.52

Significance codes: “p < 0.001

Table 3.14: Results of fixed effects in the LME models of Legendre polynomial coefficients
for all Tone 4 syllables in Plastic Mandarin and Changsha.

raw data. For each coefficient, the medians and the interquartile ranges of the
distributions are similar among the Tone 4’s.

Table [3.14 exhibits the analysis of the LME models of Tone 4’s in the Plastic
Mandarin-Changsha dataset and Language is not a significant fixed effect in any
aspect of the shape of a Tone 4 contour. This suggests that the shape of a Tone
4 contour is not significantly different between Plastic Mandarin and Changsha
and that the average relative height of a Plastic Mandarin Tone 4 in the tonal
space of Plastic Mandarin is similar to that of the Changsha counterpart in the
tonal space of Changsha. The segmental pattern of a syllable and the position

in a repeated sequence, instead, significantly contributed to the variability of the
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shape of a contour. Figure [3.39 presents the distribution of coefficients grouped
by the language and syllables.

Figure[3.40 shows the distribution of the Legendre coefficients based on f, values
normalised to the variety-independent speaker mean. By comparing Figure [3.38
and Figure [3.40, we find that the median ¢y of Plastic Mandarin Tone 4 is lower
in the latter, while the median ¢y of Changsha Tone 4 is slightly higher. Having
re-run the LME model on the adjusted ¢, this time the fixed effect of Language was
statistically significant (F'(1,12.27) = 7.86,p = 0.0156x%). The least-square mean
co of Changsha and Plastic Mandarin Tone 4’s estimated in the LME model are
4.94 and 3.74 semitones respectively. Changsha Tone 4 is on average 1.2 semitones
higher than Plastic Mandarin Tone 4. It indicates that although the shape of Tone
4 is similar between Plastic Mandarin and Changsha, the average pitch of Tone
4 in Changsha is slightly higher than that in Plastic Mandarin.

In summary, Plastic Mandarin might have borrowed the high rising tone pattern
of Changsha Tone 4 and adapted it in the Plastic Mandarin tone system, so that the
shape of Tone 4 and its relative pitch level in the tonal space of Plastic Mandarin
resembles that of Changsha Tone 4.

Such high rising tones can indeed be a signature of Xiang varieties. A majority
of Xiang vernaculars retain a tone category evolved from the high (yin) register of
qu tone (IIIa) (H. X. Bao & Chen, 2005) and typically manifested as a high rising
tone or mid to high rising tone, such as Changsha, Xiangtan, Xiangxiang, Yueyang,
Shaoyang, Shuangfeng, Loudi, and so on. Rather rarely we find such high rising qu
toneE] in other most spoken Chinese varieties. For instance, there is no such high
rising tone pattern in the tone inventories of Guangzhou Cantonese, Xiamen Min,
Suzhou Wu, and Meixian Hakka (Beijing University, 1995)). Tone 4 in Changsha is
also reported to be the most frequently occurred among all Changsha tones (Firth
& Rogers, |1937) | The high rising Tone 4 is hence one of the most salient tones of

Changsha, given its high frequency of occurrence and that its status as a common

"Nanchang Gan and Xi’an Mandarin have the high rising qu tone.
8In Firth and Rogers (1937)’s work, Tone 4 and Tone 5 were considered as one tone group with
two pitch patterns.
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Figure 3.39: Comparison of coefficients of high rising tones by syllable types in Plastic
Mandarin (PM) and Changsha (CS).
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Figure 3.40: Comparison of coefficients of high rising tones in Plastic Mandarin and
Changsha. The numbers indicate medians. The speaker mean fjy in the Changsha dataset
is the same as that in the Plastic Mandarin dataset for a speaker.

and consistent feature among many Xiang varieties. The adaptation of the high

rising Tone 4 in Plastic Mandarin brings a spoonful of local flavour into the accent.

3.7.3.2 Tone 1 and Tone 2

In line with the analysis for Tone 4, Figures and show the distribution and
central tendency of the Legendre polynomial coefficients obtained in the analysis
of fy contours of Tone 1’s and Tone 2’s respectively, with f; normalised to the
variety-independent mean. Tables[3.15 and [3.16 provide the analysis of all fixed
effects in the LME models of these coefficients for Tone 1’s and Tone 2’s in the
Plastic Mandarin-Changsha dataset respectively.

For Tone 1, the slope and curvature are not significantly different between
Plastic Mandarin and Changsha, nor between Plastic Mandarin and Standard
Mandarin. This is expected since Tone 1 in the three varieties is roughly level
tones. The interaction term Variety x Syllable is significant for the ¢y model in
the Plastic Mandarin-Changsha dataset, so that the difference in ¢y is syllable-
dependent. The least-square means predicted by the model are shown in Figure

3.42. The differences of the ¢y means between Plastic Mandarin and Changsha
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Figure 3.41: Comparison of coefficients of Tone 1 in Plastic Mandarin and Changsha.
The numbers indicate medians. The speaker mean fy in the Changsha dataset is the
same as that in the Plastic Mandarin dataset for a speaker.

Average (co) Slope (¢1) Curvature (cg)
Variety F(1,12.00) = 6.12,p = 0.03*  F(1,12.00) = 0.12,p = 0.74  F(1,12.00) = 0.05,p = 0.83
Syllable F(3,581.02) = 23.12,p***  F(3,581.04) = 46.31, p***  F(3,581.15) = 65.42, p***
Position F(5,581.10) = 5.66,p***  F(5,581.13) = 5.43, p™*  F(5,581.64) = 1.28,p = 0.27

Variety x Syllable — F(3,581.02) = 10.98,p***  F(3,581.03) = 2.07,p = 0.10 F(3,581.11) = 1.46,p = 0.22

Significance codes: “p < 0.001; "p < 0.05

Table 3.15: Results of fixed effects in the LME models of adjusted Legendre polynomial
coefficients for all Tone 1 syllables in Plastic Mandarin and Changsha, with Kenward-
Roger’s method.

for Tone 1 syllables [ma] and [u] are statistically significant, but not for syllables
[i] and [ti]. For the Plastic-Standard comparison, the difference of the ¢y means
between Plastic Mandarin Tone 1 and Standard Mandarin Tone 1 is statistically
significant (F'(1,33) = 46.27,p < .001) and the average ¢, of Plastic Mandarin Tone
1 is 1.74 semitones lower than that of Standard Mandarin Tone 1.

For Tone 2, the interaction effects are significant in the ¢y, ¢1, ¢ models. The

statistical difference between the least-square means of ¢q of the two varieties
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Figure 3.42: Comparison of predicted average fo of Tone 1 in Plastic Mandarin and
Changsha.

is (marginally) significant. Figure [3.44 illustrates the interaction effect between
language variety and segmental pattern of a syllable. In fact, the difference of
the ¢y means between Plastic Mandarin and Changsha Tone 2 is only statistically
significant for syllables [i] (i.e. between CS [i] T2 and PM [i] T2), but not for
syllables [mal], [ti], or [u]. The slope is not significantly different between Plastic
Mandarin and Changsha. For the Plastic-Standard comparison, the difference of
the ¢y, ¢1, co means between Plastic Mandarin Tone 2 and Standard Mandarin
Tone 2 is statistically significant. The interaction term in these models is not
statistically significant. The average cq of Plastic Mandarin Tone 2 is 0.65 semitones
lower than that of Standard Mandarin Tone 2 (F(1,33) = 4.72,p = 0.037), the
average ¢; of Plastic Mandarin Tone 2 is 0.86 lower (less steep rise) than that of
Standard Mandarin Tone 2 (F(1,33) = 9.65,p = 0.004), and the average ¢y of
Plastic Mandarin Tone 2 is 0.48 lower (less curvy) than that of Standard Mandarin
Tone 2 (F(1,33) = 5.42,p = 0.03)

Despite the resemblance to corresponding Changsha tones, Plastic Mandarin
tones are not a simple copy of them. There are some statistically significant
differences in the fy contours of similar tone patterns, especially in the average
pitch. The analysis reveals that the ¢y means of Tone 4 are not statistically

different between Plastic Mandarin and Changsha when f; is normalised to the
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Figure 3.43: Comparison of coefficients of Tone 2 in Plastic Mandarin and Changsha.
The numbers indicate medians. The speaker mean fy in the Changsha dataset is the
same as that in the Plastic Mandarin dataset for a speaker.

Average (co) Slope (1) Curvature (cz2)
Variety F(1,12.00) = 4.96,p = 0.046*  F(1,12.00) = 141, p =026  F(1,12.00) = 6.33,p = 0.03*
Syllable F(3,581.04) = 64.75, p*** F(3,581.05) = 71.31, p*** F(3,581.05) = 54.14, p***
Position F(5,581.13) = 9.50, p*** F(5,581.22) = 10.39, p*** F(5,581.26) = 10.58, p***

Variety x Syllable  F(3,581.04) = 5.75, p***  [(3,581.05) = 3.43,p = 0.02* F(3,581.05) = 4.17, p = 0.006**

Significance codes: ~p < 0.001; “p < 0.01; "p < 0.05

Table 3.16: Results of fixed effects in the LME models of adjusted Legendre polynomial
coefficients for all Tone 2 syllables in Plastic Mandarin and Changsha, with Kenward-
Roger’s method.

speaker mean defined in the tonal space of each variety (similar relative pitch
height in a tone system), despite the significant differences in the ¢y means when
fo is normalised to the speaker mean that is uniform across language varieties
(different absolute pitch height). This suggests that Tone 4 is adjusted in pitch
level to fit the whole tone system of a different variety. If Plastic Mandarin has
borrowed the tone patterns of Changsha, another possible interpretation of the

average pitch differences between Plastic Mandarin and Changsha tones is the
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Figure 3.44: Comparison of predicted average fo of Tone 2 in Plastic Mandarin and
Changsha.

converging influence from Standard Mandarin. Tone 1 in Standard Mandarin is
a high level tone, and it might have influenced Plastic Mandarin Tone 1, which

is slightly higher than Changsha Tone 1, a mid level tone.

3.7.4 Variations in tones of individuals

The previous section examines and compares the tone shapes of Tones 1, 2, and 4
on a group level, this section probes into the tone patterns of individuals. Figure
[3.45 shows the Plastic Mandarin and Changsha tones produced by speaker 110.
His Tone 4’s of Plastic Mandarin greatly overlap with his Tone 4’s of Changsha,
while his Plastic Mandarin Tone 1’s and Tone 2’s have similar shapes with his
Changsha counterparts but are slightly higher.

Figure |3.46| presents the fy contours of Tones 1, 2, 3, and 4 in Changsha and
Plastic Mandarin by all thirteen speakers. Some speakers such as 103, 111, 113, and
117 have highly overlapping Tone 1s and Tone 2’s of Plastic Mandarin and Changsha,
while some others such as 102, 107, 110, and 112 have the Plastic Mandarin Tone
1’s and Tone 2’s higher than the Changsha counterparts. The Plastic Mandarin
Tone 3’s and Tone 4’s have larger within-tone category variations than Tone 1’s and
Tone 2’s: speakers 105, 112, and 113 have a dipping (falling-rising) shape for Tone
3’s, while the majority have a falling shape; speakers 103, 104, 105, 106 have large
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Figure 3.45: Normalised fy data of Changsha (yellow) and Plastic Mandarin (teal) by
tone categories from speaker 110. The variety-independent speaker mean was used as the
reference frequency in the semitone conversion.

falling tails for some of their Tone 4’s while the majority maintain a rising shape.
The dipping shape of Tone 3 and large falling shape of Tone 4 are characteristic of
Standard Mandarin. These variants might be a manifestation of the overshadowing
influence of Standard Mandarin or an indicator of ongoing tonal change for Plastic
Mandarin. Speaker 105’s Plastic Mandarin accent, for instance, tends to orient more
towards Standard Mandarin than others. Appendix|C.1 presents the influential data
analysis of the LME models of ¢; coefficients of Plastic Mandarin, and speaker 105
stands out, especially in terms of the curvature and slope of his citation tones. This
in turn suggests that methods that are commonly used to estimate the influence

of a data point can be used to profile individual accent.

3.7.5 Potential tonal change mechanism

Figure illustrates the potential mechanism of forming Plastic Mandarin lexical
tones. Plastic Mandarin inherits the tone categories of Standard Mandarin; the tone
specification, however, largely resembles the corresponding Changsha tone (except
for Tone 3). Plastic Mandarin hence acquired elements from both varieties. The
reason why Tone 3 behaves differently is still unknown. One possibility is that Tone

3 adopts the the low falling form of Tone 3 in Standard Mandarin instead of the
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Figure 3.47: Illustration of the potential formation of Plastic Mandarin tones.

dipping form /. Standard Mandarin Tone 3 in connected speech is typically a low
falling tone but has a rising tail in, for example, stressed utterance-final positions.
Hartman indeed chose the low falling form as the basic form. Shih
had the same choice, though intended for gudyu, Taiwanese Mandarin.

The historical Middle Chinese tone categories still play a role in such “tonal
borrowing” in that a borrowed tone specification in Plastic Mandarin was from the
corresponding historical tone category in Changsha. For example, the Tone 4 in
Plastic Mandarin is qu tone (III), which acquired the tone value of the high register
qu tone (Illa) of Changsha. The analysis also suggests that Plastic Mandarin
speakers did not simply copy Changsha tones, but adjust mostly their pitch levels

in constructing a new tone system.

3.8 Summary

This chapter reports on the duration and fy contours of monosyllables produced in
isolation in three varieties: Plastic Mandarin, Standard Mandarin, and Changsha.
The duration of Plastic Mandarin tones is similar to the corresponding Standard
Mandarin tones except for neutral tone and Tone 3. In general, the dipping Tone
3’s in Standard Mandarin are longer than all other tones, while the neutral tones in
Standard Mandarin are shorter than all other tones. The variation in the duration

of citation tones in Standard Mandarin is much larger than that in Plastic Mandarin
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and in Changsha. Tone categories evolved from the historical qu (III) tone including
Tone 4 in both Mandarins and Tone 4 and 5 in Changsha tend to have shorter
duration. Syllable structure has some influence in the duration of a monosyllable.

Plastic Mandarin tones reveal a Miz and Match mechanism in contact-induced
tonal variation and change. The emergence of Plastic Mandarin is closely related to
the popularisation of Standard Mandarin in the Changsha city where the vernacular
Changsha used to dominate. Auer (1998) indicates that levelling on the standard-
dialect dimension often leads to dialects converging towards the standard variety.
Plastic Mandarin can be considered as a product of levelling in language contact,
which was much closer to Standard Mandarin than Changsha. The segmental
inventory of Plastic Mandarin is highly similar to that of Standard Mandarin, which
make it intelligible to all Mandarin speakers. Local varieties such as Changsha
with distinct phoneme inventory are hardly intelligible to Mandarin speakers. In
terms of citation tones, Plastic Mandarin blends elements from both Standard
Mandarin and Changsha. It has the same tone categories as Standard Mandarin.
The phonetic specification of each tone, however, tends to acquire and adapt the
pattern of corresponding Changsha tone (except for Tone 3). The four lexical
tones of Plastic Mandarin are: a mid level tone, a low-to-mid rising tone, a low
falling tone, and a high rising tone. The locally tuned tone patterns enable Plastic
Mandarin to be a recognisable Xiang (Hunan) accent.

As many young Plastic Mandarin speakers in Changsha are ‘trilingual” in
Standard Mandarin, Plastic Mandarin and Changsha, it is worthwhile in a future
study to examine how they produce Standard Mandarin, so as to further investigate

the origin of Plastic Mandarin tones from a language acquisition perspective.
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4.1 Introduction

Neutral tone in Mandarin Chinese has been an object of studies where opinions

diverge—discussion has been centred around topics such as whether neutral tone is
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a fifth lexical tone, whether it is underlyingly toneless or underspecified, whether
there is a pitch target, whether it is some tone sandhi, and so on. Chapter [2 §2.5
has given a detailed introduction on Mandarin neutral tone and laid out the context
for this chapter. It is established that neutral tone syllables are weak syllables
exhibiting contextually conditioned pitch realisations. Its surface variability tends
to have an impact on its acquisition, which was reported to be a protracted process
not completed until the age of five (Tang et al., 2019)).

In light of the background of inconclusive research on Mandarin neutral tone,
this chapter lays the foundation for our understanding of the realisation of neutral
tone through a corpus-based study, as most previous studies on neutral tone were
either impressionistic or experimental investigations based on very limited read
speech data. This chapter examines the acoustics of neutral tones in a corpus of
broadcast news speech in Standard Mandarin, where the speech of broadcasters
is usually considered the most standard. The corpus approach has the advantage
of acquiring a large amount of data from a wide range of contexts in connected
natural speech, which enables us to check the validity of prior generalisations of
the variable phonetic realisations of neutral tone.

This chapter addresses the following specific questions:

1) Is neutral tone syllable shorter than its preceding lexical tone syllable?

2) How does the preceding lexical tone affect the f, contour of a neutral tone or

a sequence of neutral tones?

3) Is there a pitch target for neutral tone syllables in Standard Mandarin?

Unfortunately no corpus of equivalent or larger size in Plastic Mandarin was
available or openly accessible. The analysis of neutral tone in Standard Mandarin
broadcast news speech established a benchmark for comparison with the Standard
and Plastic Mandarin fieldwork data in Chapter |5, This chapter also suggests a prob-

abilistic target-approaching view of tone contours and contextual tonal variation.
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4.2 Method

4.2.1 The Hub4-NE Mandarin Corpus

The 1997 Mandarin Broadcast News Speech (HUB4-NE, LDC98S73) corpus (S.
Huang et al., [1998Db), distributed and hosted on the Linguistic Data Consortium,
was chosen as the primary site to conduct exploratory analysis on Mandarin speech
based on two criteria: accessibility and availability of corresponding transcripts.
This corpus consists of 30 hours of broadcast news recordings of a single channel
and 16,000 Hz sample frequency, from radio sources including Voice of America
(VOA), China Central TV (CCTV), and KAZN-AM in Los Angeles, California.
Corresponding transcripts (S. Huang et al.,|1998a)) are also released on the Linguistic
Data Consortium. Moreover, the speech data were automatically time aligned by
syllables with corresponding transcripts and tone category labels, which were
obtained from Jiahong Yuan (Ryant et al., 2014; Yuan and Liberman, 2015). The
majority of the speech data were from news broadcasters whose speech of Standard

Mandarin can be considered the most standard and less susceptible to change.

4.2.2 Corpus Queries

This study utilised the HUB4 Mandarin corpus that was readily accessible in the
Phonetics Laboratory of the University of Oxford to explore speech sequences with
neutral tone syllables. The corpus contains recordings from 27 speakers, but some
speakers were excluded in this study: one speaker was excluded because most of
his recordings have background noise and music; another four speakers with a
non-Standard Mandarin accent |'| and one speaker whose recordings mainly involve
interviewing other accented speakers were also excluded. In total, recordings were
used from 21 speakers, 13 male and 8 female.

The study mined all speech intervals containing a neutral tone syllable or
multiple consecutive neutral tone syllables from the corpus, inspired by Y. Chen

and Xu (2006). In this corpus, utterances containing three or more consecutive

! Judgements of the non-standard accents were based on the author’s native speaker experience.
Yuan and Liberman (2015) also pointed out the non-standard accents in this corpus.
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Rank Count Neutral tone syllable

1 7137 de B Jto/
2 1441 le T Jlo/
3 691 men ] /men/
4 348 ge 1T /ke/
5 345 ne  WE /no/
6 217 me 4 /mo/
7 172 de Hb /to/
8 147 zhe & /tso/
9 128 hou 1% /xou/
10 111 z T [tsz/

Table 4.1: Top 10 neutral tone syllables in the HUB4 corpus. Ones shaded in grey were
selected for analysis.

neutral tone syllables were not found. The study, hence, concentrates on two groups
of speech intervals: disyllabic occurrences notated as [X-N], in which a neutral tone
syllable represented by N follows a non-neutral tone syllable X, which can be any of
the four lexical tones of Mandarin; and trisyllabic occurrences [X-N;-Ns], in which
two consecutive neutral tone syllables follow a lexical tone syllable.

Due to the occasional errors of the automatic tone labels in the corpus (Ryant
et al., [2014) and the inconsistencies in the use of neutral tone in many expressions,
not all of the audio clips were analysed. [X-N] occurrences that end with five
frequently-used functional morphemes de, le, men, zhe, and zi were selected for
analysis, and they accounted for about 80% of all [X-N] occurrences. Table E
listed the 10 most frequent neutral tone syllables in the corpus. Among them ne
and me are question particles and they were not included in order to avoid the
effect of question intonation. These selected morphemes except men occurred in
various [X-N] sequences in which X covers instances of all four lexical tones. They
are considered ‘toneless’ (X. S. Shen, (1992), although they have their corresponding

full tone variants or homographs, which usually occur much rarely and in different
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contexts. Furthermore, only [X-N] utterances with at least two occurrences in
the corpus were included in the analysis. Examples of disyllabic occurrences in
the corpus are shown in Table

[X-N;-Ny] occurrences were further divided into two types depending on the
middle syllable N;: in type I occurrences, Ny was a lexical morpheme, while in
type II it was a functional morpheme. These are illustrated with examples in Table
[4.3. The last neutral tone syllable Ny was always a functional morpheme and in
most cases it was one of the five selected morphemes.

Short audio clips of the [X-N] and [X-N;-Ns] occurrences were extracted from
the relevant audio files of the HUB4 speech corpus given the syllable start and
end times in the time-aligned transcripts using SoX (Bagwell et al., 2015). A
separate set of audio clips containing only the neutral tone syllable in the disyllabic
utterances and the [N;-Ns] part of the trisyllabic utterances was also extracted.
All sound clips were listened to and those with background music or noise that
led to unreliable speech-text alignment were discarded. Extremely short clips that
generate no pitch track or clips that are almost voiceless throughout the utterance
with no more than two fy points were excluded from the pitch analysis, but these
were included in the duration analysis.

In summary, the duration analysis included 8417 disyllabic tokens and 199
trisyllabic tokens. The final data for pitch analysis comprised of 7208 tokens of
neutral tone syllables from the [X-N] utterances and 180 tokens of two consecutive
neutral tone syllables from the [X-N;-Nj] trisyllabic utterances. The number of the
sound tokens for pitch analysis by morphemes and X tone categories were presented
in Tables[4.2land [4.3] There is an uneven number of tokens of each phrase in the data.

In the following analysis, Standard Mandarin lexical tones T1, T2, T3, and
T4 will be represented in Duanmu (2000a))’s tone specification: H, LH, L, and
HL, instead of the arbitrary number index, so that we can easily have access to

the prototypical shape of the preceding tone.



158 4.2. Method
Particle [T1-N] [T2-N] [T3-N] [T4-N] Count
de BJ  possessive [tMa to] [zon to] [ni to [ta to] 5250

ta de rén de ni de da de
his/her people’s  your big
le T perfective  [ts"u lo] [lar 1o] [tsou lo]  [tav lo] 1168
cha le ldi le zou le dao le
excited came went arrived
zhe &  durative  [ts"wan tse] [jen tso]  [jou tso]  [kPaw tse] 627
chuan zhe yan zhe you zhe  kao zhe
wearing following  having leaning
zi diminutive [{s"y tsz] [fay tsz]  [kav tsz] [ tsz] 93
che zi fang zi gdo zi ri 20
car house script days
men f]  plural [t"a mon] [zon mon] [wo mon] 70
ta men rén men WO Men
they people we
Count 1654 1750 1210 2594 7208
Table 4.2: Disyllabic occurrences [X-N] with a neutral tone.
[T1-N1-Ny] [T2-N1-Ny] [T3-N;-Ny|  [T4-N;-Ny]  Count
I [cien soy to]  [p"¥y jou men] [narnar to]  [sy tein lo] 60
xian sheng de péng you men  ndi nai de  shi qing le
gentleman’s friends grandma’s  matter
II [tha mon to]  [xar tsz to] [wo mon to] [jay tsz to] 120
ta men de hdi zi de wo men de  yang zi de
their child’s our look’s
Count 49 43 56 32 180

Table 4.3: Trisyllabic occurrences [X-N1-Ng| with two consecutive neutral tones.
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4.2.3 Acoustic measurement

For all the recordings of each speaker, f; estimates (in Hertz) in 10 millisecond
intervals of voiced regions were obtained using the get_f0 program (Talkin, |1995)
from the ESPS packag (Entropic Research Laboratory, 2006), for the purpose of
calculating the average fy of each speaker. Then, the same f, measurement was
generated for all neutral tone tokens from the disyllabic and trisyllabic utterances
introduced in §4.2.2l The duration of each syllable can be calculated using the

temporal information in the time-aligned transcripts.

4.2.4 Data analysis

The methodology for analysis in this chapter is consistent with that used in Chapter
in which the fy contour analysis started with data normalisation, followed by
orthogonal polynomial modelling, and completed with statistical inference using
LME models. In this section, the procedure of data analysis is outlined; for more
details, refer to §3.4. Minor discrepancies in the implementation between the

two chapters will be addressed.

4.2.4.1 Data normalisation

The fy estimates and their corresponding times were normalised in order to facilitate
inter-speaker and inter-token comparison. Using the same approach in §3.4.2.2| the
time of each fy of a token was linearly scaled to the range of [—1,1]. Each f, in Hz

were normalised to the corresponding speaker mean f; and centred around zero:

ooy (4.1)

S

In Equation a normalised fj of zero (f§ = 0) equates to the defined speaker
mean. This normalisation method was also used by Maidment and Lecumberri

(1996), Grabe et al. (2007), and others. Here the speaker mean f, was defined

2Entropic Signal Processing System (ESPS) is released by the Phonetics Laboratory, University
of Oxford, and can be downloaded from |http://www.phon.ox.ac.uk/releases.
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over the average of all fy measurements of the voiced regions in all recordings

of a speaker, as in Equations [4.2.
_ 1
fo==>"fo (4.2)
n i

where j is the index of each fy measurement of a given speaker, and n is the total

number of f; measurements in the recordings of a speaker.
4.2.4.2 Orthogonal polynomial modelling

The fy contours were modelled using the best-fit sum of weighted Legendre
polynomials. The selection of the number of the coefficients or the degree of
the polynomials is an analytical decision depending on how complex the shape is
and what components we are interested in. While three coefficients encoded the
informative modes of variations in the pitch patterns of monosyllables, it is likely
that more coefficients are needed for longer utterances. For instance, Figure 4.1
illustrates that a cubic polynomial with four coefficients is indispensable to the major
trend of pitch change in the trisyllabic utterance /ny mon to/, in that it captures the
valley at the end of the first syllable nii (Tone 3, a low tone in Standard Mandarin)
and the peak at the end of the second syllable men (neutral tone). The likelihood
ratio tests showed that the cubic model significantly improves the fit over the model
with a quadratic term (x? (1) = 8674.5,p < .001), while the model with a quartic
term is not significantly different from this cubic model (x? (1) = 14.96,p = 0.37).
The cubic model in this case, though, tends not to be sensitive to microprosodic
variations such as the potential obstruent-related perturbation represented as a
small spike at the beginning of the third syllable de in Figure [4.1.

Figure [4.1 also shows that the fy contour of the neutral tone sequence, the
part after the dashed vertical line at 14 cs, is not complicated—a rise before a fall.
Having examined such graphs for all trisyllabic tokens in the dataset, it was decided
to fit a quadratic model to the contour of the [N1-Ny| part of each token. The ¢;
coefficients of the polynomial models were obtained using the polyfit function in
GNU Octave (Eaton et al., 2020), an open-source version of Matlab, and converted

to a; coefficients. The details of Legendre polynomials are presented in §3.4.3]
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Figure 4.1: The best-fit cubic polynomial model (in cyan) for the trisyllabic token nii
men de /ny mon to/ ‘girls” in Standard Mandarin from the HUB4 corpus. fy measurements
are marked in crosses and interpolated in black line. Dashed vertical black lines demarcate
the syllables. The mean fj for this token and the speaker is marked for reference.

4.2.4.3 Statistical technique

The first research question concerns the comparison of syllable duration between
the neutral tone syllable(s) and the lexical tone syllable in the same token. Paired-
samples t-tests were used and the null hypothesis for statistical analysis in this case
is that there is no significant difference in syllable duration between the neutral
tone syllable(s) and the lexical tone syllable in the same token. The second research
question investigates whether and how the tone category of the preceding lexical
tone syllable predicts aspects of the tone shape of the neutral tone or neutral tone

sequence, using LME analysis. The specific statistical models are presented in §4.4.1|

4.3 Neutral Tone Duration
4.3.1 Results of syllable duration

Table [4.4 lists the mean and standard deviation of the duration of both syllables
of the disyllabic utterances by the neutral tone suffix, and Figure [£.2 draws the
corresponding kernel density function, a smoothed alternative to histogram for

continuous data. The boxplots show the interquartile range and the median of
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the duration of all lexical tone and neutral tone syllables. From [4.4, the overall
mean of the neutral tone is about 72% of the mean duration of full lexical tones. In
order to examine whether the mean difference in syllable duration is significant, a
paired-samples upper-tailed t-test was conducted to compare the duration of the
neutral tone with its preceding lexical tone in the same utterance. There was a
significant difference in the duration of lexical tones (1 = 0.158,0 = 0.046) and
neutral tones (u = 0.114, 0 = 0.049); #(8416) = 68.169,p < .001. This suggests
that neutral tone syllables in general are shorter than their preceding lexical tone

syllables in these disyllabic utterances.

Suffix Lexical tone X Neutral tone N Count

p(o) p(o)

de /to] HY 0.161 (0.045)  0.109 (0.047) 6378
le /Is) T 0.157 (0.040)  0.122 (0.049) 1295
men /mon/ {1 0.109 (0.033)  0.141 (0.052) 542
zhe [tso/ &~ 0.167 (0.045)  0.129 (0.055) 122
2 [tsz) T 0.234 (0.057)  0.185 (0.061) 80

Overall 0.158 (0.046) 0.114 (0.049) 8417

Table 4.4: Mean and standard deviation of the duration (s) of syllables in the [X-N]
disyllabic utterances.

Table [4.4 also suggests that the shorter duration of neutral tone syllable may
relate to the syllable structure. Among the five neutral tone syllables, suffix men
/mon/ (highlighted in grey), the only one with a nasal coda in the syllable structure,
has the reversed result where the neutral tone syllable is on average significantly
longer (¢(541) = —15.471,p < .001) than its preceding lexical tone syllable, which
consist of mostly (82.3%) CV syllables such as /t"a/(217/542) and /wo/ (229/542).
This is illustrated in Figure 5 through the rightward shift of the yellow peak relative
to the blue peak in the men graph compared to other graphs, where the neutral tone
syllables have a CV structure. Although F. Wu and Kenstowicz (2015]) reported

that hardly any significant difference between the duration of CVN syllables and CV
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Figure 4.2: Kernel density functions and boxplots for the duration (s) of syllables in
[X-N] disyllabic utterances.

Lexical tone X Neutral tone 1 N; Neutral tone 2 N,
p(o) pi(o) pi(o)

0.160 (0.061)  0.122 (0.033) 0.108 (0.051)

£(198) = 8.584, p < .001

t(198) = 3.665,p < .001

Table 4.5: Mean and Standard Deviation of the duration (s) of syllables in the trisyllabic
utterances and two paired-samples upper-tailed t-test results.

syllables was found, we cannot yet hastily conclude that it is the neutral tone status
instead of simpler syllable structure that leads to the relatively shorter duration.

Table [4.5 and Figure 4.3 present the durational information of syllables in
trisyllabic utterances. From the initial syllable to the last syllable in an utterance,
the average duration of each syllable decreases, as shown in Table[d.5] The downward
shifting boxplots capture the same trend. In Figure the graph on the left with
three non-overlapping peaks shows the distribution of the duration of syllables in

different positions. A paired-samples upper-tailed ¢-test was conducted to compare
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Figure 4.3: Kernel density functions and boxplots for the duration (s) of syllables in the
[X-N1-Ng] trisyllabic utterances.

the duration of the middle neutral tone with its preceding lexical tone and the
duration of the two neutral tones in the same utterance. The p values are less than
.001, which indicates that in these utterances the last neutral tone on average is
significantly shorter than the middle neutral tone and the middle neutral tone on
average is significantly shorter than the preceding lexical tone.

The majority (76.9%) of the last neutral tone syllables in these utterances are
de /to/, and about half (47.7%) of the middle neutral tone syllables are men /mon/,
the relatively long neutral tone in the disyllabic sample. This may explain why
the second neutral tone on average is shorter than the first neutral tone in the
trisyllabic dataset when there are two consecutive neutral tones.

The above results of the duration of syllables suggest that neutral tone syllables
tend to be shorter than their preceding lexical tones, especially when the neutral

tone syllables have CV structure.

4.3.2 Discussion

Consistent with most previous studies, the duration of a neutral tone syllable is in
general significantly shorter than its preceding lexical tone syllable. But in Table
5, we also find that neutral tone syllable men /mon/ is significantly longer than
its preceding syllable. Similarly in K. Huang (2018)’s study of Taiwan Mandarin,
no evidence was found that neutral tone men is reduced in duration while neutral

tone syllables zi, zhe, de, le, ge are reduced in duration. Such findings suggest that
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syllable structure may play a role in the duration of the neutral tone because one
major difference between men and the other neutral tone syllables is that men has
a slightly more complex structure of a closed syllable with a nasal coda.

Both Duanmu (1994) and F. Wu and Kenstowicz (2015)) suggested that no
evidence was found that monosyllables with a nasal coda [CVN] are longer than
monosyllables with only a single vowel [CV]. Relative to CV syllables, the nuclear
vowel is shorter in CVN structure (Duanmu, 2007; F. Wu and Kenstowicz, 2015).
Their studies, however, were based on Mandarin full lexical tone syllables instead of
neutral tone syllables. Similar vowel shortening in closed syllables is also observed in
many languages, analysed as a phonological process that neutralises the vowel length
contrasts as in Turkish, or as a phonetic process when the vowel duration decreases
in closed syllables across vowel length distinction as in Finnish (Flemming, [2001).

One explanation proposed here is that when a syllable is unstressed, the duration
of the syllable is susceptible to its syllable structure (the number and type of
segments), and that syllables with a coda is highly likely to be longer than CV
syllables if the nasal coda is not completely coarticulated with the preceding vowel.
In other words, unstressed neutral tone provides a context for shorter vowels in CV
syllables, restraining open-vowel lengthening observed in stressed syllable, similarly
to closed syllables. The most frequently used functional morphemes such as de, le,
2, zhe, and ge, which are the most typical examples of neutral tone, are all CV
syllables. These unstressed neutral tone syllables, mostly with a mid central vowel,
are shorter in duration. This has led to the claim in some previous studies that
neutral tone syllables were shorter than other full lexical tone syllables. A more
promising conclusion, therefore, is that the duration of a neutral tone syllable is
sensitive to the syllable structure, and that neutral tone syllables with CV structure
are generally shorter in duration than their preceding lexical tone syllables.

Neutral tones have also been reported to be correlated with lexical frequency
independent of other factors. More frequent neutral tones tend to be shorter in

duration, lower in pitch, and weaker in intensity (Kong & Wu, [2019). Productive
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functional morphemes, particularly de and le, the most frequently-used morphemes,

are thus shorter than most other syllables.

4.4 Neutral Tone Pitch Contours
4.4.1 Statistical method

Using the same approach as in Chapter 3| the fy contours of neutral tone and neutral
tone sequences are modelled using three coefficients, i.e. ¢y, ¢1, and ¢, characterising

the Average Pitch Height, Slope, and Curvature of a contour. The detailed procedure

of obtaining these coefficients is introduced in §3.4.2] and §3.4.3 in Chapter

Linear Mixed-Effects models were built to investigate whether and how the
preceding tone influence the contour of neutral tone. The dependent variable is a ¢;
coefficient, the independent fixed-effect predictor was the preceding tone category
(4 levels: H, LH, L, and HL), and the random effect was speakers. The five different
neutral tone particles in disyllabic phrases were also included as a random effect.
Only random intercepts were included in the models because random slopes were
not properly supported by the data and the models failed to converge if adding them.
The significance of fixed effects was estimated using the ANOVA function from
lmerTest package, which reports omnibus effects for multilevel factors using F-tests.
The Kenward-Roger Approximation for the denominator degrees of freedom in the
pbkrtest package (Halekoh & Hgjsgaard, |[2021) was used to derive p values. Thisis a
slightly more conservative method than the alternative Satterthwaite Approximation
and can work well with unbalanced data or small sample (Halekoh & Hgjsgaard,
2014). For the significant effect, Bonferroni adjusted post-hoc pairwise comparisons
were conducted using emmeans package (Lenth, |2021)), and the estimated Least-

Squares mean outperforms the regular mean in unbalanced designs.

4.4.2 [, patterns of monosyllabic neutral tones

Table summarises the significance level of aspects of shape predicted by the

preceding lexical tone category in the linear mixed effects models. The p values
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Shape Predictor dfl  df2 F P
HEIGHT Preceding tone 3 7112.5 59.011 < .001
SLOPE Preceding tone 3 7153.7 371.06 < .001

CURVATURE Preceding tone 3 71959 402.14 < .001

Model: Shape ~ Preceding tone + (1 | Speaker) + (1 | Particle)

Table 4.6: Fixed effects in the linear mixed-effect models for aspects of pitch contour of
monosyllabic neutral tone particles.

are all less than .001, which suggest the preceding tone exerts some statistically
significant influence on the shape of fy contour of the neutral tone.

Bonferroni post-hoc tests were then conducted on these models. Figure [4.4
further presents the Least Squares means calculated from the linear mixed effect
models. In Figure [4.4, most of the least squares means of ¢; coefficients across
different tonal contexts in a graph do not share a letter, which indicate that the
preceding tone has a statistically significant impact on the pitch height, overall
slope, and curvature of the contour of neutral tone. For example, only the neutral
tone after L tone has a positive ¢; Least Squares mean (labelled d in graph (b)), a
rising linear trend, though it still has a relatively low average pitch (labelled a in
graph (c)) compared to neutral tones in other tonal contexts. The neutral tone after
H tone has a distinctively low negative ¢; (labelled a in graph (b)), indicating a
relatively large decline in fy. The neutral tone after LH tone has the lowest negative
¢o (labelled a in graph (c)), representing a more convex shape, while the neutral
tone after HL tone with a ¢y close to 0 (labelled ¢ in graph (c)) has a flatter shape.

Figure [4.5 illustrates the aspects of shape that are represented by these Least
Squares means by reproducing the modelled contours of neutral tone. These
simulated neutral tone contours are slightly different from some of the descriptions
in the previous studies summarised in Instead of assigning a pitch level
impressionistically, Figure [4.5 offers an acoustically based detailed prototype of
neutral tone contours in different tonal contexts. The contours start at various pitch

heights due to the different preceding tones, and end within a narrower pitch range.
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Shape Predictor dfl  df2 F P
HEIGHT Preceding tone 3 17298 5.04 < .001
SLOPE Preceding tone 3 17458 19.11 < .001

CURVATURE Preceding tone 3 151.87 7.15 < .01

Model: Shape ~ Preceding tone + (1 | Speaker)

Table 4.7: Fixed effects in the linear mixed-effect models for aspects of pitch contour of
two consecutive neutral tones in [X-N;-Ny] trisyllabic utterances.

Figure 4.6|and Figure [4.7|show the distribution of normalised fj at the beginning
and the end of the voiced part of the neutral tone of all the utterances respectively. To
the right of the boxplots, kernel density functions and single Gaussian distributions
for the four contexts are shown to model the pitch variation at this time point.

The contours after H and after LH, with higher starting pitch (Figure , tend
to end at a similar mid range pitch height (Figure , and the contours after L and
after HLL, with lower starting pitch, tend to approximate to a similar lower pitch.
The end point tone specification, H or L, of the preceding tone tends to correlate
with the end point of the neutral tone. In Figure 4.7, two Gaussian distributions
(b= —0.11,0 = 0.25; 4 = —0.23,0 = 0.20) are shown to present the two main
patterns at the end of fy contours. The observed means of the Gaussian distributions

are slightly different from the Least Squares Means computed in the models.

4.4.3 f, patterns of two consecutive neutral tones

Table [4.7] summarises the results of the linear mixed effects models for the contours
of two consecutive neutral tones. The preceding tone category leads to significant
differences in average height, overall slope, and curvature of the contour of sequences
of two neutral tones.

The prototype of the contours of two consecutive neutral tones in four different
contexts is shown in Figure based on the Least Squares Means of ¢; coefficients
calculated from the linear mixed effect models. The shape of contours in the

normalised time range from —1 to 0.25 resembles those in Figure [4.5] where neutral
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Figure 4.8: Simulation of contours of two consecutive neutral tones in different contexts.
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Figure 4.9: Distribution of modelled starting pitch of the first neutral tone in [X-N;-Ny]
trisyllabic utterances.

tone contours converge at two pitch levels: one at about —0.05, i.e. 5% lower than

the average pitch of the speakers, and the other about —0.17, 17% lower than the

average pitch. Figure shows that the four contours continue to converge to a

single low pitch of around —0.18. From the normalised time range 0.25 to 1, these

fo contours continue to converge at a similar low pitch.

Figurel4.9/and Figure|4.10/show the distribution of normalised f, at the beginning
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Figure 4.11: Simulation of two consecutive neutral tone contours of two types of phrases
in different contexts.

and the end of the voicing part of the two consecutive neutral tones of all the
utterances respectively. The Gaussian distributions across the four tonal contexts
vary a lot at the beginning of fy, but they are much more similar, as shown in
Figure 13 where the distribution curves are superimposed on each other. A uniform
Gaussian distribution (@ = —0.158, 0 = 0.23) was drawn based on all the end point
fo data. Such convergence suggests that neutral tone also has a pitch target and
it is fairly low, about 16% below the speaker’s average fj.

Figure [4.11 presents the simulated pitch curves for type I and type II phrases
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in Table 4B based on the Least Square means computed in the linear mixed
effects models. These pitch contours may not be representative since the further
classification into two types results in small and unbalanced samples for some tonal
contexts. The curvature, overall slope and average height of the contours tend
to be slightly different between the two types, but at the end of the f; contours,

they converge towards a low pitch in both types.

4.4.4 Approaching a low target for neutral tone

The fy contours of two consecutive neutral tones in different tonal contexts in
trisyllabic utterances show a converging trend towards a low pitch. The single
Gaussian distribution of fy values at the end of the fy contours suggests that the
average fo at the end of two consecutive neutral tones is about 16% lower than
a speaker’s average fy. The contours of two consecutive neutral tones complete
the patterns of a single neutral tone in disyllabic utterances that appeared to have
two pitch targets. Instead of having varied pitch targets for neutral tones following
different lexical tones, the conception of target approximation (Y. Chen & Xu, 2006)
offers a convincing way to explain the findings. Different from the conclusion of
Y. Chen and Xu (2006) that Standard Mandarin neutral tone has an underlyingly
mid-level pitch target, however, our findings suggest a low level pitch target for
neutral tones, although the pitch target for the converging trend at the end of two
consecutive neutral tones seems slightly higher than the end pitch for lexical L
tones. Our results are similar to K. Huang (2018), which identified a static pitch

target in the mid-low to low range for Taiwan Mandarin.

4.4.5 Target with variance distribution

Although an underlying L target is assigned for neutral tones in our analysis, it
cannot be neglected that the pitch realisation pattern of neutral tone is distinct
from that of L tone where the f; usually reaches a low pitch by the end of the L tone.
Neutral tone does not consistently trigger the classic Tone 3 sandhi phenomenon

where a L tone is replaced by a LH tone when it precedes another lexical L. tone.
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This is demonstrated in (10a) where the first lexical L tone becomes LH tone
/ny71/ (in bold), when the following /tszd/ is a lexical L tone. When /tsz/ is a
neutral tone in the utterance in (10p), the preceding L tone remains an L tone

/kausd/. Zhou (2018) reported that neutral tone occasionally trigger the Tone
3 sandhi, and (L0k) is an example.

(10) a.  niizi ZF /oyl tszd/ ‘woman’
b.  gdo zi ¥ [kavd tsz/ ‘script’

c.  gitou Bk /kulthous/ ‘bone’

The differentiation between lexical L tone and neutral tone, that both have L
pitch targets can be accounted for by the concept of articulation strength (Kochanski
et al., 2003) in the soft template model (Kochanski and Shih, 2000, [2001) or
implementation strength in the PENTA model (Y. Chen and Xu, [2006; Y. Xu and
Prom-on, 2014). In an intuitive sense, neutral tone tends to have much weaker
strength and heavier carry-over influence from the preceding syllable.

In the target-approximation conception of tone, such weak strength can also
be realised by a wider variance distribution in a probabilistic model (Blackburn
and Young, 2000; Coleman et al., 2016)) so that more variation can be tolerated.
Keating (1990) proposes the window model for phonetic variation, in which a wider
window permits more variable articulation and thus is more unconstrained and
highly underspecified. The probabilistic extension of this model by Blackburn and
Young (2000)’s work on articulator movements and Coleman et al. (2016)’s on F2
frequency of nasals employs Gaussian functions, encoding a central tendency. Here
it is extended to model fundamental frequency contours using Gaussian models.
As shown in the local distribution curves in Figure [4.9 and Figure 4.10[ and the o
values given above, the variance at the end of a lexical L tone (Figure o =0.18)
is smaller than the variance at the end of the second neutral tone (Figure @,
o = 0.23). This shows that variance distribution differentiates a lexical L tone from
a neutral L. tone, and that a lexical L. tone has more specified and less variable

fo realisation than a neutral L tone.
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4.5 Summary

This chapter examined the acoustic properties of Standard Mandarin neutral tones
in a News Speech corpus. The timimg data show that the duration of neutral
tone is susceptible to syllable structure, and that open neutral tone syllables are
in general shorter than their preceding lexical tone syllables. The f, patterns
suggest a low pitch target with larger variance distribution for neutral tone syllables.
A probabilistic target approximation model offers a better account than target
interpolation in the phonetic implementation of a neutral tone. Chapter [5| will
report on more linguistically controlled fieldwork data of neutral tone in both
Standard Mandarin and Plastic Mandarin, in order to further investigate its

contextual variation.
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5.1 Introduction

Neutral tone in Standard Mandarin displays an immense amount of variability with
regard to pitch patterns (review @ for an introduction to neutral tone). Unlike
other lexical tones with a canonical tone pattern, Chapter |3| has shown that there
is no homogeneous citation form for different neutral tone syllables in Standard
or Plastic Mandarin. Through an analysis of neutral tone syllables in broadcast
news speech in Standard Mandarin, Chapter [4| revealed that the preceding tone
category influenced the shape of f; contour of a neutral tone syllable, and that,
despite different shapes, fo contours converged at the end of two consecutive neutral
tones. This chapter extends the investigation by examining phrases containing
neutral tone syllables in semi-spontaneous speech in the two Mandarin varieties.

The main research questions in this chapter are:

1) How is a neutral tone or neutral tone sequence realised in connected speech
of Plastic Mandarin?

2) How does the pitch contour and duration of a neutral tone syllable vary in
contexts?

3) What are the differences in neutral tone between Plastic Mandarin and

Standard Mandarin?

The first two questions are probed into with a cross-variety comparative perspective.
If the emergence of Plastic Mandarin involves changing the pitch targets for the
four lexical tones in Standard Mandarin, how does neutral tone with heterogeneous
tone patterns in Standard Mandarin behave in Plastic Mandarin?

This chapter is organised as follows. Methods of speech data collection, acoustic
possessing, and statistical techniques are firstly described and justified:
presents the rationale and details of the production experiment, sets out the
phrasal data with neutral tone syllables that were the main research targets,
illustrates the acoustic processing procedure, and outlines the statistical
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analysis employing the Generalised Additive Mixed Models. Then the analyses
and findings are organised in the areas of duration and pitch contours separately
in the following sections. Under each section, the specific statistical models are

introduced prior to the presentation of results and discussion.

5.2 Methods

The analyses in this chapter are based on recordings of the second task (B), the word
guessing game embedded with carefully designed speech materials, in two Mandarin
varieties. This section describes the design and implementation of the game, followed
by a depiction of the acoustic processing and an overview of statistical technique.

Most details of the data collection have been introduced in Chapter [3|including

the participants in §3.2.4] the premises in §3.2.2] the equipment in §3.2.5 and the
general procedure of a recording session in §3.2.6l

5.2.1 Experiment design

The experiment design was primarily guided by the consideration of two key aspects:
first, providing a communication or discourse context in which Plastic Mandarin
could be elicited; second, creating a linguistic context where various tonal sequences

were considered while maximally controlling for other linguistic factors.

5.2.1.1 Eliciting a non-standard accent: the disguised word-guessing
game

Inspired by the map task (Anderson et al., 1991) and the quiz-questionnaire
(Sangster, 2002) that are conducted with pairs of subjects, the word guessing
game allows for phonetic specification of tokens as well as some manipulation of
information structure. The game was in a similar style to party games such
as Taboo or Pictionary.

A pair of subjects were presented a scenario prompt through an incomplete
stimulus sentence in written Chinese on the laptop screen. As demonstrated in

Figure the blank representing the missing keyword serves as an implicit in situ
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Figure 5.1: An example prompt used in the word guessing game. The scenario is “the
(blank to be filled) they built is very stable”. The three keywords are snowman, castle, and

stairs.

Speaker ID  Role Transcript
214 Clue-giver EERE RS EE— T

‘The kings of France all lived in a place’
213 Clue-receiver M/ THEREERTE S - (1a)

‘The palace they built is very stable.
214 Clue-giver ERZE

‘Getting close’
213 Clue-receiver i IHEFRIEFRIES -

‘The royal palace they built is very stable’
213 Clue-receiver M THERIEEIRTE S - (1b)

‘The castle they built is very stable.
214 Clue-giver Xt o

“Yes!

Table 5.1: An excerpt of the transcript of the conversation between speakers 213 and 214
during the word-guessing game. The Clue-receiver (213) had three attempts, highlighted
in light grey, with proposed keyword noun phrase underlined. The actual targeted phrases
du7 de in this scenario are in bold.
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WH-question. One subject, the Clue-giver, was given three correct keywords in
each scenario and tried to have their partner guess all the given keywords through
sketches or verbal hints without using the morphemes that comprise these keywords.
The other subject, the Clue-receiver, attempted to reconstruct the scenarios by
filling in potential keywords to complete the sentence, having received clues from
their partner. A transcript excerpt of a conversation between two participants
is displayed in Table [5.1. While the missing keywords attracted their attentions,
the actual speech sequences in which the study was interested in were the target
phrases such as dui de ¥E#] marked in bold in this excerpt. As the guessing attempt
increased, the targeted speech sequence was repeated. In this excerpt, the targeted
phrase dui de was repeated three times. Having exhausted possible keywords or
correctly guessed all the keywords, the Clue-giver would confirm the correct answers
by reading out the complete sentences with the correct keywords before moving on
to the next scenario. The Clue-receivers had maximum 5 attempts in each scenario,
considering the time limit of a session. The pair spoke in an uninhibited fashion
during the game. There are 16 scenario prompts and 16 x 3 = 48 keywords in total.

Whether or not the Clue-receiver successfully guessed all the keywords does not
matter in this study and their performance was not assessed, although a score was
given to each pair of subjects based on the correct number of keywords guessed
and the number of attempts when I conducted the fieldwork visits in the school.
An intended interpretation of the score was an indicator of the pair’s teamwork
or connection. The inclusion of the gamified scoring system was to motivate and
stimulate the pair to cooperate and to boost their engagement and participation. The
pair with the highest score was awarded with a box of chocolate at the end of my visit.

One key advantage of this game is that the subjects generally find it entertaining
and the relaxed and friendly atmosphere sparks naturalistic conversation. It was
held that excited and emotionally charged speech might override the constraints of
a recording setting and the observer effect (Labov, [1964). Such a technique on the
one hand allowed us to control the tokens of requisite phonetic features that yielded

meaningful comparison, on the other hand directed subjects’ attention away from
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their own speech and maximally kept them engaged. One slight drawback is that

participants can be over excited about the game and occasionally burst into laughter.

5.2.1.2 Manipulating the linguistic contexts

Tonal coarticulatory effects have been examined by manipulating the neighbouring
tones of neutral tones, such as Y. Chen and Xu (2006)), Q. Li and Chen (2019),
and Sun and Shih (2021). In the previous research, fj realisation of a neutral tone
is heavily affected by the preceding tone, whereas some anticipatory effect from
the following tone has also been reported such as the assimilatory effect when the
following tone is a high falling Tone 4 and dissimilatory effect when the following
tone is a low Tone 3 in Standard Mandarin.

This chapter investigates the acoustics of neutral tone in two Mandarin varieties

by focusing on three types of neutral tone constructions:

A) Disyllabic phrases with the neutral tone syllable de, notated as [X-de];

B) Trisyllabic phrases with disyllabic reduplicatives followed by the neutral tone
syllable men, notated as [X; Xo-men];

C) Quadrisyllabic phrases with the aforementioned trisyllabic phrases followed

by the neutral tone syllable de, notated as [X; Xa-men de].

In all above phrases, the preceding tone of a neutral tone X or X1, was manipulated
to be one of the four lexical tones in each Mandarin variety (X € [T'1,72,T3,T4]),
whereas the following tone after de in sets A) and C) varied randomly. Efforts were
made to have the same segmental composition for the X syllable and at least the
voicing part of the X syllable was controlled. This allows for an examination of the
influence of the preceding tone category on the phonetic realisation of a neutral
tone syllable and to compare the findings with the corpus analysis in Chapter
[ In set B), all trisyllabic phrases [X;Xs-men] preceded a Tone 4 syllable zhéng
with a high starting pitch in both Mandarin varieties. B) and C) can thus be
grouped as [ X Xo-menX,] phrases, in which X is either zheng or de. This enables

us to examine the impact of the following syllable on the fy contour of a neutral
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tone syllable. The inclusion of consecutive neutral tone sequence is conducive to
assessing the magnitude of the tonal coarticulatory effects.

These constructions also provide insights on another two aspects of neutral tone
production: On the one hand, the two sets of [X-de] phrases with different voicing
parts explore the potential effects of voicing segments on fy realisation of neutral
tone. On the other hand, the [X-de] phrases can be compared to [X;X5] phrases to
see whether ‘toneless’ de is different from neutral tone syllable X5 in reduplication.

In addition, focus may affect f, contours such as the post-focus compression
effect in Mandarin (Y. Xu, [1999)). In this study, most targeted phrases were
positioned before the expected narrow focus, since pre-focus fy is known to be
similar to the neutral focus fy deprived of compression effect (e.g. Y. Chen and
Gussenhoven, 2008). This is demonstrated in examples of targeted sentences
in their speech, taken from the conversation excerpt displayed in Table [5.1] where
Example ) is the first attempt from speaker 213, and ) is the third attempt
and the correct answer. The constituents of the proposed answers (underlined) are
usually the new information given the prompt and naturally in completive focus
position (Drubig, [2003), as in ) If a wrong word was introduced and rejected,

the updated word might also be in contrastive focus, as in (11pb).

(11)  a. tamen dut  de gongdian hén wéndang.
3PL  built DE palace  very stable
‘The palace they built is very stable. Completive focus
b. tamen dui de chéngbio hén wéndang.

3PL  built DE castle  very stable
‘The castle they built is very stable. Contrastive focus

The specific targeted phrases are further introduced and displayed in §5.2.2|

Materials. A full list of the 48 sentences with keywords is presented in Appendix [B.1.

5.2.2 Materials

The target sentences in the word guessing game were designed to be rich in neutral
tones. In the following examples in , the neutral tone syllables in Standard

Mandarin are marked in bold.
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(12) a.  tamen dut de chéngbio hén wéndang.
3PL  built DE castle  very stable

‘The castle they built is very stable’

b. meimei-men zheng tan-zhe jita.
sister-PL PROG play-DUR guitar

‘Sisters are playing guitars.

c. yéye-men de tuzi tao-le.
grandpa-PL GEN rabbit-NOM escape-PERF

‘Grandpas’ rabbits escaped.

In Example [12h, there are three disyllabic sequences that contain a neutral
tone syllable, while in [12k, five out of eight syllables are neutral tone syllables
and the initial phrase yéye men de with the clitic de includes three consecutive

neutral tone syllables.

5.2.2.1 X-de set

One of the neutral tone syllables this study focuses on is the toneless clitic particle de
. It is the most frequent word in Mandarin Chinese, ranked top one with regard to
both its frequency and dispersion in different registers in the 50-million-word corpus
of R. Xiao (2009, p. 20). The particle de marks modification in pre-nominal strings
in various contexts and has several roles including marking possession, adjectives,
prepositions, and nominalisation (C. N. Li & Thompson, [1981). Given the diverse
properties and distributions, the categorical status of de has been inconsistent in
the literature and it is glossed in various forms including DE, POSS/GEN, and so
on. The particle de is sometimes analysed as a determiner (Simpson, 2001), a head-
initial complementiser (Y. A. Lin, [2010)), or a subordinator (Paul, 2015) amongst
many others. The de-marked modifiers as shown in our data can be uniformly
analysed as full-fledged relative clauses (Sproat and Shih, |1987; Y. A. Lin, [2010)).

Two sets of phonetically controlled disyllabic sequences in the clitic de con-

struction in the form of [X-de], shown in Table [5.2, were embedded in the target
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T1 T2 T3 T4 Total
[tuer to] [xuer to] [thuer to] [tuer to]
Juer/ dur-de HEF)  hui-de [BIH  tui-de BBH)  dui-de LK)
built returned leg’s redeemed
Plastic Mandarin 87 73 60 89 309
Standard Mandarin 56 49 40 64 209
[ta to] [ta to] [ta to] [ta to]
Ja/ da-de ¥5/)  dd-de ZH)  dd-de ITH]  da-de KH)
built answered made large
Plastic Mandarin 68 78 69 82 297
Standard Mandarin 54 50 46 56 206
Total (PM) 155 151 129 171 606
Total (SM) 110 99 86 120 415

Table 5.2: Disyllabic speech materials containing the neutral tone syllable de. The
number of these disyllabic tokens in Plastic Mandarin and Standard Mandarin in the
data is shown.

sentences (e.g. ) Each set features a consistent vowel in the X syllable Efforts
were made to find X syllables with the same onset consonants and within the range
of high frequency words. High frequency words account for a significantly large
portion of coverage in both written and spoken texts (Triskova, 2017), and it is
easier to create speaker-friendly stimulus sentences with them. Given the tonotactic
gaps, the onset consonants of X syllables in the /uer/ set differ slightly. All X
syllables, except for dui %, ‘redeemed’, are within top 1400 most commonly used
characters (R. Xiao, 2009). All [X-de] sequences but tui fBEY ‘leg’s’ appeared right
before the keywords and hence in the pre-focus position , as in Example .

!The IPA transcription of Mandarin Chinese syllables varies between studies, depending on the
phonological analyses. The triphthong in the upper set in Table can be transcribed as a glide
followed by a diphthong. For example, [twer to] for dut de. According to Duanmu (2007), it can
also be [tVer to]. The triphthong is conveniently adopted here because I will consider the vocalic
parts [uer] and [a] as instances of the categorical factor Vowel in the statistical analysis in this
chapter. Without going into a fuller discussion of phonological structure, which is not strongly
relevant to the analyses carried out here, [uer] and [a] are just labels for two distinct types of
voicing portion with fy after the alveolar stop consonant.

2Tt was difficult to create multiple suitable scenarios with tuide in a similar pre-focus position,
so tuide was placed after a pause following a focused topic phrase at the beginning of a sentence.
See Appendix for full materials.
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Disyllabic phrases containing the neutral tone syllable de in the target sentences
were mined from the recordings, using a python script and the time-aligned
transcriptsﬂ There are 606 Plastic Mandarin tokens and 415 Standard Mandarin
tokens. Table presents a breakdown of the number of speech tokens by categories
of lexical tones and syllables in the datasets of Plastic Mandarin and Standard

Mandarin respectively.

5.2.2.2 X, Xo-menX,; set

Table [5.3 presents polysyllabic phrases with consecutive neutral tone syllables in
the target sentences of the word guessing game (e.g. and ) The upper
set features kinship terms with two consecutive neutral tone syllables. Many of
the colloquial kinship terms X;.X5 in Mandarin Chinese are reduplicative words in
the diminutive form. The second syllable X, is considered as a duplicate of the
first syllable X; and it carries neutral tone. A kinship term can take on another
neutral tone syllable, men, the plural suffix, which makes it a common phrase with
consecutive neutral tones. These kinship terms were chosen on the basis of the
following criteria: first, they are high frequency words; second, they are fully voiced
with all sonorant segments; third, a kinship term was selected under each tonal
context. All the trisyllabic plural kinship terms are followed by the Tone 4 particle
zhéng in the sentences (see ), indicating progressive aspect. Some analysed zhéng
as an adverb ‘just’ (Paul, 2015). The particle zhéng does not usually cliticise to
the left. The bottom set increases the number of neutral tone syllables from two
to three by adding the particle de FJ to the right of the same trisyllabic phrases,
denoting possessive constructions. All these four-syllable sequences appear at the
beginning of an eight-syllable sentence, in pre-focus position.

These polysyllabic phrases were mined from the recordings. There are 547
Plastic Mandarin tokens and 372 Standard Mandarin tokens. Table [5.3 presents
a breakdown of the number of speech tokens by categories of lexical tones and

syllables in the datasets of Plastic Mandarin and Standard Mandarin respectively.

3This procedure was documented and openly-available in my online tutorial https://chenzixu.
rbind.io/resources/2speechcorpus/
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T1-N+ T2-N+ T3-N+ T4-N+ Total
[mama mon tgon] [jeje mon tgoy] [namar mon tgon] [mermer mon {goy)]
mama-men zhéng yéye-men zhéng ndinai-men zhéng méimei-men zhéng
peyeiing FHNE PigsfiiE BRIRATIE
mums PROG grandpas PROG grannies PROG sisters PROG
PM 64 71 70 60 265
SM 49 49 44 47 189
[mama mon to] [jeje mon to] [namar mon to] [mermer mon to]
mama-men de yéye-men de ndainai-men de meéimei-men de
AR FAAIH PIgair1E) BRIRATTHY
mums’ grandpas’ grannies’ sisters’
PM 67 63 7 75 282
SM 43 47 42 51 183
PM 131 134 (133) 147 (143) 135 (134) 547 (541)
SM 92 (91) 96 86 (85) 98 372 (370)

Table 5.3: Polysyllabic speech materials containing consecutive neutral tone syllables.
The number of these polysyllabic tokens in Plastic Mandarin and Standard Mandarin in
the data is shown. Pinyin transcriptions are based on Standard Mandarin. The numbers
in brackets indicate the numbers of tokens used for pitch analysis.

A few tokens without reliable f, measurement due to non-modal phonation were

removed for pitch analysis.

5.2.3 Acoustic processing

Figure illustrates the process of working with speech data collected from the
word guessing game in four stages, from the input of long stereo recordings to the

output of acoustic measurements of the target speech tokens.

5.2.3.1 Transcription and annotation

All audio recordings were initially two-channel WAV files (44.1 kHz, 16-bit, signed
integers) featuring pairs of subjects. A necessary first step towards annotating
metadata and extracting tokens for analysis was to extract each channel of an audio
file, identify the main speaker in the channels, and save them separately as mono
audio files. The speaker IDs introduced in were used in the annotations to

maintain the anonymity of the speakers. As demonstrated in stage @ in Figure
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the two channels contained speech signals from two microphones, each of which
attached to speakers 201 and 202 respectively. Although the same conversation
was recorded, the two channels are different. When subject 201 was speaking,
the amplitude of her portions of speech in the corresponding (upper) channel is
much larger than that in the other (bottom) channel. Speech data of subject
201 were, therefore, based on the upper channel, while speech data of subject
202 on the bottom channel.

The target sentences in each mono audio file were further identified, annotated,
and extracted. This is demonstrated in stage @ in Figure By listening to the
audio and visually examining the acoustic waveform in Praat (Boersma & Weenink,
2017), supplemented by spectrographic analysis where appropriate, the boundaries
of the interval of a sentence were manually determined, and placed at a zero-crossing
point of the signal. A label (i.e. b10_3_201a) that encoded contextual information
about the utterance such as the task code (i.e. a/b/c/d), the scenario prompt index
(i.e. 1/2/.../16), the set index (i.e. 1/2/3), and the speaker ID (e.g. 201) and role
(i.e. q/a), was inserted in the TextGrid immediately after a sentence interval was
identified, using a Praat script. Each target sentence interval was extracted and
saved as a WAV audio file automatically, with the label being the filename. Such
filenames can be easily collapsed into contextual information in a tabular format.

Each audio file such as ‘b10 8 201a.wav’ was transcribed in written Chinese,
with a space inserted between each two characters. In doing so, the orthographic
transcription can be time-aligned with the audio at both phone and syllable level,
given that each Chinese character corresponds to a single syllable. Each transcript
was saved as a TXT file under the same filename of the corresponding WAV

file (e.g. “b10_3 201a.tzt’).
5.2.3.2 Forced alignment

The audio recordings and their transcriptions were then processed by the Penn
Phonetics Lab Forced Aligner (P2FA) for Mandarin Chinese (Yuan and Liberman,

2008; 2015)) to achieve automatic phonetic segmentation. The audio files were
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Figure 5.2: An illustration of audio processing steps, from raw stereo audio to a zero-
padded speech token yéyemen ‘grandpas’.
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downsampled to 16 kHz to prepare for the use of P2FA. The output of the aligner
was a TextGrid file for each audio file, in which the phones and syllables were aligned
to the audio, as shown in the first and second tiers of the TextGrid respectively
in stage @ in Figure @ The syllables were represented by Chinese characters.
This study is chiefly interested in the syllable tier, from which we can identify
where in the audio a syllable begins and ends.

Alignment accuracy is a more complicated issue in connected speech than
monosyllables in isolation. Some phoneme transitions are gradual and less consistent.
Boundaries between vowels, diphthongs, and approximants can be highly ambiguous
(Baghai-Ravary et al., 2009), such as the transition from /as/ to /1/ and from /1/
to /o/ in ldo-le ‘getting old’. Voice qualities and emotional states in spontaneous
natural speech may influence the aligner performance. Phonetic reduction, pervasive
in conversational speech (Johnson, |2014), has been another persistent challenge
in forced alignment (Yuan & Liberman, 2015).

Figures [5.3| and demonstrate a major type of misalignment in the sentences
in our corpus, which was resulted from phonetic reduction. In the figures, the two
highlighted intervals, the neutral tone syllables [to] (labelled as d& in the first tier of
the TextGrid) and [go] (labelled as Z&), correspond to mostly the frication portions
in the waveform and spectrogram. By listening to the audio, these syllables were
greatly reduced and their onset consonants, unaspirated alveolar plosive [t] and
unaspirated retroflex affricate [ts], were barely audible, suggesting that they were
coarticulated’] The [t] and [ts] seemed coalesced with the preceding [n], that is,
the nasality extended through the closure period, and the remaining short vowel
[0] attached to the previous syllable, forming [mdiio] and [k"ano], and was included
in the previous intervals of 1] and & respectively in the figures. The highlighted
intervals are in fact part of the next stressed and aspirated syllables: it is the burst
and partial aspiration of the consonant onset of [t"u] % in Figure @, and the
burst, frication, and aspiration of the consonant onset of [ts"wan] & in Figure

Another type of misalignment included extraneous pauses inserted by P2FA, in

4The audio files are available in the online supplementary materials.
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Figure 5.3: Misplaced boundaries of the syllable fJ de GEN in ‘grandpas’ rabbit’ by
P2FA. The interval is highlighted in yellow background.

At

0.5

Figure 5.4: Contracted interval of the syllable & zhe DUR in ‘looking at windows’ by
P2FA. The interval is highlighted in yellow background.

places such as the closure period of stops, the frication portion of a velar fricative,
or the initiation and termination part of the speech.

Despite these small problems in some TextGrids, P2FA has provided a solid
first pass segmentation. It was subsequently verified and manually corrected
with a written record, following the practice in many studies (e.g. Zue et al.,

1990; Yuan, [2012). Less than 5% of the sentences were noted as ‘bad or wrong
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alignment’. Utterances with overlapping speech or laughter were not considered

in further analysis.

5.2.3.3 Acoustic measurement

The duration of syllables was easily accessible from the forced alignment. Sound
intervals can be extracted too given the temporal information. A search script
was first created to automatically retrieve the time stamps of phrases containing
neutral tones in the audio files from the corresponding TextGrid files. Then a
sound trimming script was used to extract the target sound intervals from the
recordings, and each output WAV file was assigned a unique filename rich in
contextual information. For instance, the trisyllabic token /je je mon/ in stage @
in Figure [5.2 has the filename ‘6103 201a5555 1 11E.50.2525¢0.4025.wav’, where
b10_3_201a indicates the source file, 3357 11E is the transcript of this X; Xy-men
phrase plus the following syllable X, and s0.2525 and e0.4025 specify the starting
and ending times of the syllable men in the source audio 610 3 201a.wav.

As described in and shown in Figure 5.2, 50 ms of silence was further
added to both edges of each sound interval. These zero-padded speech tokens
constitute the audio data for the subsequent analysis.

fo was measured every 10 millisecond where the speech was voiced using Praat’s
autocorrelation algorithm (Boersma, [1993) through a bespoke Python script. The
parameter setting of the pitch tracker were the same as that in §3.3.4. The script
also detects fy jumps between adjacent voicing periods, flags potential tracking
errors, and automatically removes edge f; estimates that were unusual, that is,
ones that lay much farther away from the token mean fy. The script calculates the
running sample-to-sample difference for each ordered time-series of fy measurements
and compares each difference to a threshold. It used a maximum f, movement
threshold of 3 st between adjacent f; points to filter out extreme boundary f
estimates. This was not a strict threshold according to the findings of previous
speech production experiments based on producing oscillating glissando between

high and low fp. Y. Xu and Sun (2002)) assessed the maximum speed of pitch
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change and the fastest excursion speed in their data was 96 st/s (0.96 st/10 ms) in
the direction of falling by a female subject. Sundberg (1979) reported the speed of
fo change in the central 6/8 of an f; movement and the average pitch change rate
of the fastest group, the female singers, in this study was slightly below 2 st/10 ms.
Thus 3 st difference in 10 ms seemed very unlikely and erroneous. Given that the
pitch change rate of the fastest individual surpassed 2 st/10 ms, the use of 3 st was
adopted. A slightly less strict threshold allowed for flagging and close examination
of more tolerated large f, changes and less automatic removal of f, estimates.
The audio files flagged as containing a potential error were subsequently manually
audited, through visual and auditory inspection. They were corrected where
applicable, or otherwise removed. A f; movement of about 12 st, or an octave,
indicated pitch doubling or halving. The method of editing the Pitch object in
the Praat PitchEditor introduced in was used to obtain the desired f; in
such cases. The output of this procedure was an ordered time-series of reliable

fo measurements for all target speech tokens.

5.2.4 Statistical technique

In previous chapters, Legendre polynomial models effectively summarised the fy
contour of monosyllables and neutral tone syllables in three interpretable coefficients.
Longer phrases, however, have more complex f, contours than monosyllables.
Polynomial modelling also has its limitations. The greater complexity in a contour
may lead to an increase in the minimal number of coefficients required to explain
a certain percentage of the variation in the curves. The higher ranking the basis
functions, the more intricate and faster varying the patterns, and we might be less
intuitive about the interpretation of the high order coefficients. Polynomials tend not
to be optimal with long asymptotes and plateaus, nor sensitive to curves that have
too many wiggles (Winter & Wieling, 2016)). Generalised Additive Mixed Models
(¢AMMs) under the non-parametric framework were hence motivated and applied to

the fo contours in this chapter, given its flexibility and adequacy (S. N. Wood, 2006).
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In dynamic fy time-series fy at time ¢ may not be independent from that at
time ¢t — k, k > 1 (Baayen et al., 2017). GAMMs can effectively deal with data with
autocorrelation structure (Baayen et al., 2016) and allow simultaneous estimation of
temporal non-independence and calibrated inferences in the presence of hierarchical
structure. GAMMS represent contours and their differences in both parametric and
smooth terms and detect regions where the contours diverge by resorting to the
confidence intervals around the estimated difference curve. While parametric terms
capture fo height-related patterns that hold across the entire contour, smooth terms
model patterns related to the shape of the fy contour (Séskuthy, [2021). In our case,
the dependent variable is the normalised fjy, modelled as a smooth function over
the normalised time, using a sum of weighted special non-linear basis functions
across the whole time span. The basis functions used in this study were thin plate
regression splines (S. N. Wood, [2003). This process is indeed conceptually similar

to polynomial regression in Chapters [3] and [4]

5.2.4.1 Data normalisation

Following the same approach as in Chapter [3] the f, measured in Hz of a speaker
in a language variety was normalised to semitones above or below the speaker’s
mean fy of that variety. Please see for details. The speaker mean f
was consistent with that in Chapter [3| to enable a comparison between tones in
connected speech and citation tones.

For time normalisation, a non-linear method was used to allow comparison of
individual syllables within a token as well as between tokens: the time measures
of syllables in the same position of the same type of phrase was linearly scaled
to the same domain. Take disyllabic phrases, for instance—the average duration
was computed for the first and second syllables respectively; then the ratio of the
average duration between the first and second syllable was maintained and mapped
to the normalised time domain of [—1,1]. Durational information was utilised

so that the overall shape of a phrasal f; track was not greatly distorted. The
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details about the time normalisation of a specific type of phrase will be presented

in §5.4.1.1] following the duration analysis.
5.2.4.2 GAMDMs

In LME models, a univariate response or dependent variable is modelled as a sum of
a linear predictor X 3, random noise Zb, and a Gaussian error with zero mean e (for
review, see . The linear predictor can be a set of independent variables such
as fo + fix1 + Poxa, and the response variable is often assumed to have a normal
distribution. The Generalised Linear Mixed Model (GLMM) extends LME by allowing
the response to depend on a smooth monotonic function of the linear predictor and
to follow other distributions from the exponential family, such as Poisson, binomial,
and gamma, apart from the Gaussian distribution (Baayen et al., [2017)).

The Generalised Additive Mixed Model enriches the linear predictor of GLMM so
that it is specified as a sum of smooth functions of one or more independent variables
such as fy + fi(x1) + fao(x2). The smooth function f(x) is a weighted sum of a set
of ¢ basis functions By defined over the independent variable = (S. N. Wood, 2006)):

q
flz) =) Bi(x)Bs (5.1)

k=1
The relaxation of the linearity assumption in GAMMs enables us to capture the
nonlinear patterns that are ubiquitous in phonetic data including fy contours with

temporal autocorrelational structure (Chuang et al., [2021). The specific GLMM

models will be presented in §5.4.1.2 prior to the findings.

5.3 Duration of Neutral Tones in Mandarin Ac-
cents

Syllable duration is often associated with prominence, boundary, or language
redundancy (Aylett & Turk, 2006). The analysis of timings of different syllables
in various linguistic units and their sources of variability is conducive to our
understanding of the rhythm of a language. This section answers the research

questions How long is a neutral tone in various contexts in Plastic Mandarin and
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Standard Mandarin? and How does the duration of neutral tone compare to the
preceding lexical tone in the two Mandarin varieties?

Two types of duration variables were used in the analysis: one was the absolute
duration of each syllable measured in seconds, obtained through the forced alignment
procedure; the other was the duration ratio of a neutral tone syllable to its preceding
lexical tone syllable. For the [X-de] set, the duration ratio was the second syllable
de (neutral tone) to the first syllable (lexical tone) in a disyllabic utterance. For the
[ X1 Xo-men Xy set, the duration ratios of the reduplicated syllable X5 and men to the
initial lexical tone syllable X were included, and notated as Duration Ratiox,,x,
and Duration Raliomen)x, -

Based on the duration findings in Chapters [3] and [4], the following hypotheses

are proposed about duration:

H,1 Neutral tone syllable de are in general shorter than lexical tone syllables.

In §3.6.2.4] de in citation was the shortest among the other syllables in both
Mandarin varieties, and in the corpus data in Standard Mandarin de is

generally shorter than the preceding lexical tone syllables.

H12 In stressed positions, lexical tone category has influence in syllable duration.
From the duration data in there are intrinsic duration differences among
different lexical tones.

H,3 The duplicate syllable X5 is generally shorter than the preceding syllable Xj.
Following the discussion of the corpus data in §4.3] unstressed neutral tone

provides a context for shorter vowels in CV syllables.

When comparing two Mandarin varieties, the null hypothesis (Ho4) that there is
no difference in the ratio of neutral tones to their preceding lexical tones between

the two varieties was adopted.
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5.3.1 Statistical method

The general procedure for the duration analysis comprises two steps: first, descriptive
statistics and data visualisation constitute exploratory analysis; second, we conduct
LME models analysis based on our observations in the first step in order to inspect

whether any observed differences are statistically significant. I now describe the

LME models in detail.

5.3.1.1 X-de set

Three groups of linear mixed effects (LME) models were initially attempted in
the analysis with datasets in various scopes, given the unequal sample sizes in
different categories and repeated samples from the same individuals. The inclusion
of random-effect factors resolved the non-independencies brought up by repeated
tokens of the same phrases from the same speakers.

1) Duration ~ Tone + (1 + Tone|Speaker) + (1 4+ Tone|Item)

The first group of LME models examined the dataset of each Mandarin variety
separately and focused on the duration difference between lexical tone syllables
and neutral tone syllables. As shown in the model formula, absolute duration
was the dependent variable, the fixed-effect factor was Tone (2 levels: lexical tone
and neutral tone), and two random-effect factors Speaker and Item (eight different
phrases) were included with intercept and slope design. The random slopes were
dropped in the Plastic Mandarin dataset due to convergence issues.

2) Duration Ratio ~ Preceding Tone x Vowel + (1|Speaker)

The second group of LME models further explores the effects of preceding tone
and vowel in the duration ratio of a [X-de] disyllabic utterance in the dataset
of each Mandarin variety. Duration ratio was the dependent variable, Preceding
Tone (T1, T2, T3, and T4), Vowel ([uer] and [a]), and their interaction term were
included as fixed-effect factors. Speaker was the random-effect factor with random
intercepts included. Random slopes were not considered given the convergence
issues of the models.

3a) Duration ~ TonexV ariety+(14+Tone|Speaker)+(1+Tone+V ariety|Item)
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3b) Duration Ratio ~ Variety + (1|Speaker) + (1 4+ Variety|Item)

The third group of LME models investigated the difference between the two
Mandarin varieties. The datasets were combined and hence a new variable was
introduced — language variety, represented as Variety in the above formulae 3a) and
3b). Duration and Duration Ratio were used as dependent variables respectively.
In 3a), the fixed-effect factor was Tone (lexical tone and neutral tone), Variety
(Standard Mandarin and Plastic Mandarin), and their interactions. By-Speaker
intercepts and slopes for the effect of Tone, as well as by-Item intercept and slopes
for the effects of Tone and Variety were included. In 3b), the fixed-effect factor
was Variety. Random intercepts of Speaker and Item, and by-Item slopes for
the effect of Variety were included.

For all the LME models, residual plots were checked by visual inspection. The
Normal Q-Q plots such as Figure [5.5a reveal a right-skewed sampled distribution,
characterised by sample quantiles at the high end being more positive than the
expected normal quantiles. In this case the model was also slightly heteroscedastic,
with some larger residuals for higher fitted values (see Figure [5.5b). Violations of
assumptions are common in real datasets, and model estimates can be robust to
violations of assumptions with careful evaluation (Schielzeth et al., [2020). This
study tackled the violations in distributional assumptions through robust estimation
methods. The models proposed above were re-fit robust linear mixed-effects models
using robustlmm package (Koller, 2016), and robustness weights were assigned
to observations and groups. Random slopes were dropped in the third group
of robust models given the convergence issues. The detected potential “outliers”
were examined and discussed. More discussion on model selections and robustness
weights can be found in the appendix. The full script and results of the statistical
analysis are available in the RMarkdown file Neutral Tone Duration Analysis in

the online supplementary materials.
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Figure 5.5: Two residual plots of the LME model 1) for Standard Mandarin data.

5.3.1.2 [X;Xy-menX,] set

Another three groups of robust linear mixed effects (LME) models were employed
in the duration analysis of polysyllabic phrases. Datasets of syllable duration were
prepared in various scopes including an individual dataset for each Mandarin variety,
a combined dataset of both varieties, and subsets of the first three syllables and
[ X1 Xs-men de] phrases for each Mandarin variety.

4) Duration ~ Position * X1 + (1|Speaker)

The first group of LME models examined all [ X X5-men] tokens and [X; Xo-men
de] tokens of each Mandarin variety separately and tested whether the factor of
syllable position could be a predictor of syllable duration. As shown in the model
formula, absolute duration was the dependent variable, and the main fixed-effect
factor was Position (trisyllabic phrases: 1, 2, 3; quadrisyllabic phrases: 1, 2, 3, 4)
representing different syllables in a phrase. The four types of phrases represented by
X were also included in the fixed effects as a control variable, and the interaction
term between the two fixed effects were also considered.

5) Duration ~ X * X4 + (1|Speaker)

The second group of LME models focused on the duration of men in different
contexts: men was followed by either the Tone 4 particle zheng or another neutral
tone syllable de, in addition to the four different preceding syllables. The dependent

variable was the absolute duration of men, and the independent variables were four
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preceding syllables or disyllabic reduplicatives, represented by X; in the formulae
(i.e. mama, yéye, ndinai, and méimei), two following syllables represented by X4
(i.e. zhéng and de), and their interactions.

6a) Duration Ratiox,/x, ~ Variety * X1 + (1|Speaker)

6b) Duration Ratiomen/x, ~ Variety + X1 * X4 + (1|Speaker)

The third group of LME models investigated the difference between the two
Mandarin varieties, using the combined dataset of the two Mandarin varieties.
Duration Ratios were used as dependent variables. In 6a), the fixed-effect factor
was Variety (Plastic Mandarin and Standard Mandarin), the syllable type X (i.e.
mama, yéye, ndinai, and méimei), and their interactions. In 6b), the fixed-effect
factor was Variety, the syllable type X;, the following syllable X, (i.e. zhéng and
de), and the interaction between X; % Xj.

For all above models, by-Speaker random intercepts were included, but not
by-Speaker random slopes due to convergence issues. The results are presented

in the following sections.

5.3.2 The duration of disyllabic phrases with de in two
Mandarin varieties

5.3.2.1 Central tendencies and distributions

Figure @ presents the distribution of absolute duration of syllables in the [X-
de] disyllabic utterances in Standard Mandarin, grouped by initial lexical tone
categories. Correspondingly, Table [5.4 supplies the mean and standard deviation
of both absolute duration and duration ratio of syllables by initial tone categories.
On average, the lexical tone syllable X is 195 ms (¢ = 58 ms), while the neutral
tone de is 128 ms (0 = 84 ms), about 67% of the duration of the preceding lexical
tone syllable. de is in general shorter than the preceding lexical tone regardless
the tone category in Standard Mandarin.

From Table [5.4, we can also see that the average duration of lexical tone
syllables in the first position of [X-de| disyllabic utterances by tone categories

does not have the duration hierarchy found in the citation tone data in Chapter
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Figure 5.6: Kernel density functions for duration (s) of syllables in [X-de] disyllabic
utterances in Standard Mandarin by initial tone categories.

. Lexical tone X Neutral tone de Duration ratio
Preceding tone X

(o) (o) (o)
Tone 1 0.167 (0.044)  0.114 (0.059)  0.69 (0.32)
Tone 2 0.215 (0.061)  0.138 (0.080)  0.63 (0.27)
Tone 3 0.218 (0.066)  0.117 (0.055)  0.58 (0.32)
Tone 4 0.188 (0.049)  0.142 (0.115)  0.74 (0.51)
All tones 0.195 (0.058) 0.128 (0.084)  0.67 (0.38)

Table 5.4: Mean and standard deviation of the absolute duration (s) and duration ratio
of the syllables by the preceding tone categories of de in the [X-de] disyllabic utterances
in Standard Mandarin.

Here Tone 3 and Tone 2 are similar in duration, about 218 ms (¢ = 66 ms)
and 215 ms (o = 61 ms) respectively. The shortest tone among the four tones
is Tone 1, about 167 ms (0 = 44 ms).

Figure|5.7| presents the distribution of absolute duration of syllables in the [X-de]
disyllabic utterances in Plastic Mandarin by initial tone categories. Correspondingly,
Table supplies the mean and standard deviation of both absolute duration and

duration ratio of syllables by initial tone categories. On average, the lexical tone
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Figure 5.7: Kernel density functions for the duration (s) of syllables in the [X-de]
disyllabic utterances in Plastic Mandarin by initial tone categories.

syllable X is 169 ms (0 = 56 ms), while the neutral tone de is also 128 ms (o = 75
ms), about 77% of the duration of the preceding lexical tone syllable. de is in
general shorter than the preceding lexical tone regardless the tone category in
Plastic Mandarin.

From Table [5.5, we can also see that the average duration of lexical tone
syllables in the first position of [X-de| disyllabic utterances by tone categories
mostly resembles the duration hierarchy found in the citation tone data in Chapter
in that the shortest tone is Tone 4, about 144 ms (o = 41 ms), followed by Tone
1, about 154 ms (o0 = 40 ms). Similar to Standard Mandarin, Tone 3 and Tone 2
are longer than Tone 1 and Tone 4, about 198 ms (¢ = 67 ms) and 189 ms (o = 55
ms) respectively. The duration for citation tones is generally longer than syllables

in connected speech in both Standard Mandarin and Plastic Mandarin.

5.3.2.2 Comparisons by tone categories and varieties

The robust linear mixed-effects models suggest that syllable de is statistically
shorter than a preceding lexical tone syllable (#(11.16) = —8.02,p < .001), by
about 70.7 ms £8.8 (standard error) in Standard Mandarin. Similarly, in Plastic
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) Lexical tone X Neutral tone de Duration ratio
Previous tone

(o) (o) (o)
Tone 1 0.154 (0.040)  0.129 (0.070)  0.83 (0.32)
Tone 2 0.189 (0.055)  0.142 (0.102)  0.74 (0.43)
Tone 3 0.198 (0.067)  0.116 (0.045)  0.64 (0.31)
Tone 4 0.144 (0.041)  0.125 (0.069)  0.86 (0.34)
Overall 0.169 (0.056)  0.128 (0.075)  0.77 (0.36)

Table 5.5: Mean and standard deviation of the absolute duration (s) and duration ratio
of the syllables by the preceding tone categories of de in the [X-de] disyllabic utterances
in Plastic Mandarin.

Mandarin syllable de is statistically shorter than a preceding lexical tone syllable
(t(6.87) = —22.42,p < .001), by about 49.5 ms +2.2 (standard error).

To better understand the concept of robustness weights w € [0, 1], I scrutinised
tokens that had been down-weighted in the models. These tokens indeed have a
characteristic departure from the majority. Figure [5.8 illustrates two tokens of
the same phrase by the same speaker, which display huge intra-speaker durational
differences. The two syllables in token (a) have the maximum robustness weight
of 1, which represent the majority, the robust tokens. In (a) the first syllable is
170 ms and the second syllable de is 110 ms, 64.7% of the first syllable in duration.
The token (b) is rather ‘unexpected’, especially the second syllable de (480 ms),
which is much longer than the first syllable (230 ms) as well as other de syllables.
The de syllable in (b) has a low robustness weight of 0.112.

Such a token may be classified as “outliers” by the robust method, it is in fact a
token being modelled badly. The large residual may result from variability in the
data that was not explained by predictors in the model but might be accounted for
by other (unknown) factors. If we put the extracted token (b) back to the sentential
context, as shown in Figure [5.9) we may be immediately aware of what factors
might have played a role in determining the length of the de syllable. The token is
followed by a 40 ms pause in the speech, signalled by ‘sp’ in the TextGrid. The

insertion of pause here reinforced the right edge of prosodic boundary of dui-de,
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Figure 5.8: Waveform of two tokens of dui de [tuer to] ‘redeemed’ by speaker 202.
Creaky portion in (b) is highlighted in light yellow.
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Figure 5.9: Waveform and automatic forced alignment of the sentence containing the
disyllabic token (b) dui de, highlighted in light green. Time ticks of the pause boundaries
are marked. ‘The books we redeemed are really good’.
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Figure 5.10: The duration distribution and predicted duration of syllables in [X-de]
utterances in Standard Mandarin and Plastic Mandarin. Syllable position 1 indicates
lexical tone syllables and 2 indicates the neutral tone syllable de.

which might be marked by the pre-boundary lengthening of segmental duration
(Hayes, [1995). As shown in Figure [5.8b, de has a long vowel [o] (440 ms) and a
portion as long as 189 ms at the end is in creaky voice (highlighted). The syllable
after the pause sha F5 also has unusually long onset [[] (650 ms), annotated with ‘S’
in the figure. These phenomena altogether suggest that the speech was hesitant, or
the speaker was uncertain or still thinking about the key word she was guessing. The
lengthened segments around the pause tend to serve to fill the pause partially. The
hesitation effect overrides or superimposes on the otherwise shorter duration of the
de syllables. This example reveals the complexity and vast variation in real-life semi-
spontaneous speech data. It also suggests that the robust method is a reasonable
and efficient way to find systematic patterns in the majority of productions despite
the interference from a small number of undesired productions where other factors
may have drastically affected the phonetic form. An alternative way can be manually
discarding such data, which involves token-by-token examination and a labelling
system with a certain threshold (e.g. the length of pause or silence period after

de). The latter might be difficult and too laborious for a large dataset.
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Figure 5.11: The predicted duration ratio of syllables (a, b) and duration of the first
syllables (c, d) in [X-de] utterances by preceding tones and vowels in Standard Mandarin
and Plastic Mandarin.

Despite that de syllables are generally shorter in both varieties, the third group
of LME models suggest that there is a statistically significant difference between the
two Mandarin varieties. The duration ratio of de to the corresponding first lexical
tone syllable in Plastic Mandarin is about 0.118 £0.026 (standard error) larger than
that in Standard Mandarin (#(35.4) = —4.46 < .001). In other words, the duration
difference between de and the preceding syllable tends to be larger in Standard
Mandarin than Plastic Mandarin. Figure [5.10 further presents the comparison of
syllable duration in the [X-de] utterances in the two Mandarin varieties. While
the de syllables have similar duration in both Mandarin varieties, the duration of
their preceding lexical tone syllables tends to differ.

Figure [5.11| shows the effects of the preceding tone categories and vowel types in

the duration ratio of de to the preceding lexical tone syllable in the two Mandarin
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varieties, estimated in the second group of robust LME models. In both Mandarin
varieties, the disyllabic phrases starting with the Tone 3 syllable [tMuer] with a
triphthong vowel tend to have lower duration ratio than that with the Tone 3
syllable [ta]. The categorisation by vowel was misleading because the consonant of
the first syllable in the disyllabic phrases was different in the [T2-de| and [T'3-de]
phrases due to tonotactic gapﬂ The difference in duration ratio in question may in
fact be largely attributed to the longer syllable duration of Tone 3 syllable [t"uei]
with an aspirated plosive compared to Tone 3 syllable [ta], as shown in (¢, d) in
Figure [5.11] From these findings, we cannot safely conclude whether it is the vowel
or the intrinsic duration of different tone of the preceding syllable that influences

on the duration ratio of the neutral tone syllable de.

5.3.3 The duration of polysyllabic phrases with men in
two Mandarin varieties

5.3.3.1 Central tendencies and distributions

Figures [5.12 and [5.13 present the distribution of absolute duration of syllables in
the [X;Xo-menXy] quadrisyllabic utterances, grouped by initial and last lexical
tone categories, in Standard Mandarin and Plastic Mandarin respectively. Corre-
spondingly, Tables and supply the mean and standard deviation of absolute
duration of syllables by initial and last tone categories. These visualisation and
descriptive statistic summaries give us preliminary insights about the duration data.

For Standard Mandarin, we can observe the following:

1) The reduplicated syllable Xy with an average length of 125 ms (¢ = 32 ms)
tends to be shorter than the preceding syllable X7, with an average length of

154 ms (o = 50 ms).
2) While the reduplicated syllable Xy, plural particle men, and possessive particle

de in the X, position are all considered as neutral tone syllables, their duration
tends to differ from each other. The de in the X, position tends to be shorter
than the reduplicated syllable X5, as shown in the figure where the blue peak

®There is no [tuei] in Tone 2, and only one rare character dui [tuei] in Tone 3.
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Figure 5.12: Kernel density functions for the duration (s) of syllables in the quadrisyllabic
utterances Standard Mandarin by initial (red) and last (blue) tone categories.

in the ‘de’ column is always to the left of the yellow peak. The neutral tone
men with a mean of 192 ms (o = 52 ms) tends to be longer than the lexical

tone syllable X5, which is consistent with findings in Chapter

3) The neutral tone men does not seem to differ from the lexical tone syllable

zheng in the X, position.
4) Tone 3 syllables in the X position tend to be longer than other X syllables.

5) The men followed by another neutral tone syllable de, with a mean of 186 ms
(0 = 54 ms), tends to be shorter than the men followed by zheng (= 197

ms, o0 = 54 ms).
Likewise, the observations about Plastic Mandarin are as follows:

1) Similar to Standard Mandarin, the reduplicated syllable X5, with an average
length of 122 ms (0 = 35 ms), tends to be shorter than the preceding syllable
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X, X, Lexical tone X; Neutral tone X, men Xy
(o) (o) (o) (o)
T1 TO de 0.136 (0.033) 0.126 (0.034) 0.199 (0.055)  0.109 (0.042)
T1 T4 zheng 0.160 (0.054) 0.116 (0.041) 0.201 (0.049)  0.199 (0.047)
T2 TO de 0.146 (0.046) 0.123 (0.036) 0.179 (0.065)  0.098 (0.054)
T2 T4 zheng 0.132 (0.047) 0.125 (0.032) 0.189 (0.040)  0.188 (0.047)
T3 TO de 0.177 (0.054) 0.134 (0.027) 0.183 (0.055)  0.129 (0.115)
T3 T4 zheng 0.168 (0.038) 0.124 (0.025) 0.190 (0.054)  0.192 (0.057)
T4 TO de 0.165 (0.051) 0.127 (0.024) 0.183 (0.037)  0.114 (0.084)
T4 T4 zheng 0.153 (0.054) 0.130 (0.035) 0.208 (0.057)  0.194 (0.044)
TO de 0.156 (0.049) 0.127 (0.030) 0.186 (0.054) 0.112 (0.079)
T4 zheng 0.153 (0.050) 0.124 (0.034) 0.197 (0.050)  0.193 (0.049)
Overall 0.154 (0.050) 0.125 (0.032) 0.192 (0.052)

Table 5.6: Mean and standard deviation of the absolute duration (s) of the syllables
by the initial and last tone categories in the [X;X2-menX,] quadrisyllabic utterances in
Standard Mandarin.

4)

X1, with an average length of 154 ms (o = 50 ms).

The reduplicated syllable X5, plural particle men, and possessive particle de
in the X, position differ from each other in duration. Despite a larger mean,
the de in the X, position is still likely to be shorter than the reduplicated
syllable X5, given that the blue peak in the ‘de’ column is to the left of the
yellow peak. The large standard deviation of de (81 ms) may indicate a biased
mean (129 ms) resulting from unusually long tokens. While X, and de tends
to be shorter than the lexical tone syllable X, the neutral tone men with a
mean of 179 ms (o = 52 ms) tends to be longer than the lexical tone syllable
X;. This is consistent with the Standard Mandarin findings.

The neutral tone men does not seem to differ from the lexical tone syllable
zheng in the X, position.

Tone 3 syllables in the X; position tend to be longer than other X; syllables.
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Figure 5.13: Kernel density functions for the duration (s) of syllables in the quadrisyllabic
utterances Plastic Mandarin by initial (red) and last (blue) tone categories.

5) The men followed by another neutral tone syllable de, with a mean of 170 ms
(0 = 52 ms), tends to be shorter than the men followed by zheng (1 = 188

ms, o = 50 ms).

The parallel observations show that the duration patterns of syllables in such
quadrisyllabic sequences in the two Mandarin varieties are quite similar. In addition,
the distributions in the figures for both Mandarin varieties have exceptionally
long right tails, which may signal tokens produced in an undesired fashion. This
may also be reflected in the large standard deviations in the X4 columns in the
tables. In the following subsections, LME models are built to explore the sources

of variability in the duration data.
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X, X, Lexical tone X; Neutral tone X, men Xy
(o) (o) (o) (o)
T1 TO de 0.150 (0.060) 0.108 (0.033) 0.168 (0.035)  0.115 (0.059)
T1 T4 zheng 0.157 (0.052) 0.132 (0.036) 0.200 (0.049)  0.182 (0.066)
T2 TO de 0.130 (0.045) 0.107 (0.034) 0.165 (0.037)  0.122 (0.081)
T2 T4 zheng 0.148 (0.044) 0.121 (0.030) 0.195 (0.054)  0.177 (0.062)
T3 TO de 0.186 (0.053) 0.129 (0.037) 0.165 (0.046)  0.147 (0.096)
T3 T4 zheng 0.163 (0.037) 0.126 (0.031) 0.174 (0.049)  0.157 (0.060)
T4 TO de 0.147 (0.044) 0.126 (0.040) 0.180 (0.075)  0.130 (0.077)
T4 T4 zheng 0.148 (0.044) 0.138 (0.027) 0.184 (0.045)  0.169 (0.042)
TO de 0.154 (0.055) 0.118 (0.038) 0.170 (0.052)  0.129 (0.081)
T4 zheng 0.154 (0.045) 0.127 (0.031) 0.188 (0.050)  0.171 (0.059)
Overall 0.154 (0.050) 0.122 (0.035) 0.179 (0.052)

Table 5.7: Mean and standard deviation of the absolute duration (s) of the syllables
by the initial and last tone categories in the [X;X2-menX,] quadrisyllabic utterances in
Plastic Mandarin.

5.3.3.2 Comparisons by linguistic contexts and varieties

The robust linear mixed-effects models predict that the reduplicated syllable X5
is on average significantly shorter than the initial syllable X; in most cases for
Standard Mandarin. More specifically, in the dataset of all X;X, tokens, the
second syllable is generally shorter than the initial syllable in the phrases of Tone
1 mama by 25.2 ms +5.2 ms standard errors (z = 4.85,p < .001), Tone 3 ndinai
by 41.3 ms £5.4 (z = 7.68,p < .001), and Tone 4 méimei by 26.0 ms £5.0 ms
(z =5.17,p < .001). Although the second syllable is on average shorter in the Tone
2 phrase yéye, the difference does not reach statistical significance. Yet if we look
at the [X;Xo-men de] subset, the second syllable is significantly shorter than the
initial syllable in yéye (z = 3.50, p = .039), but the difference between mama does
not reach statistical significance. The robust LME models also indicate that on

average the final neutral tone syllable de in the utterance sequence is statistically
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significantly shorter than the reduplicated neutral tone syllable X5 in phrases of
yéye by 33.3 ms £6.6 ms standard errors (z = 5.01,p < .001), ndinai by 28.9 ms
+7.0 ms(z = 4.12,p = 0.004), and méimei by 31.8 ms +6.4 ms (z = 4.99,p < .001).

It is a similar case for reduplicatives in Plastic Mandarin. The robust LME
models predict that the reduplicated syllable X5 is on average significantly shorter
than the initial syllable X7 in all phrases in the dataset containing all X; X5 tokens: in
mama shorter by 29.0 ms +4.6 ms standard errors (z = 6.29, p < .001), yéye by 23.3
ms £4.6 ms (z = 5.09,p < .001), ndinai by 45.0 ms +4.4 ms(z = 10.33,p < .001),
méimei by 19.1 ms £4.6 ms (z = 4.20,p = .002). However in the [X;Xs-men
de] subset, the duration of the reduplicated neutral tone syllable X5 does not
statistically significantly differ from the duration of the final neutral tone syllable
de in the utterance sequence in all four types of phrases.

Figure [5.14 shows the absolute duration of the syllables in the two types of
quadrisyllabic utterances in both Standard Mandarin and Plastic Mandarin. The
mean duration of men tend to differ between the two conditions differentiated by the
following syllable in both Mandarin varieties. The two types of phrases [X; Xs-men
de] and [ X, Xo-men zhéng| have different syntactic structures, which may correspond
to prosodic domains of distinct levels (Q. Li & Chen, 2019). The longer duration
of men preceding zhéng could potentially be explained by the lengthening effect
of prosodic word boundary (marked by #), as demonstrated in a) and b), but in

this case it cannot rule out the confound of a different following syllable.

a) yéye-men# zhéng
b) yéye-men-de

A series of LME models suggest that in Standard Mandarin the differences of
predicted average duration between men preceding the Tone 4 syllable zhéng and
men preceding neutral tone syllable de are not statistically significant except in
Tone 2 phrases: the former is longer than the latter by 23.1 ms +6.9 ms standard
errors (z = 3.36,p = 0.018). In Plastic Mandarin, men preceding zheng is on

average longer than men preceding de in only Tone 1 phrases by 30.1 ms +6.1
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Figure 5.14: Duration by syllable position in the two types of quadrisyllabic utterances
in Standard Mandarin and Plastic Mandarin. The error bars indicate 4+ one standard
deviation.

ms standard errors (z = 4.48,p < .001) and Tone 2 phrases by 24.3 ms £6.7 ms
standard errors (z = 3.66,p = 0.006). Figure shows the predicted duration
of men by preceding and following syllables. Since such significant difference
does not occur consistently in all phrases, we cannot safely conclude the potential
effect of prosodic word boundary.

The last group of robust LME models introduced in concern the duration
ratio of the first or second neutral tone syllable to the initial lexical tone syl-
lable. The duration ratio differences between the two Mandarin varieties are

not statistically significant.
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Figure 5.15: The predicted duration (s) of the neutral tone syllable men in different
linguistic contexts in Standard Mandarin and Plastic Mandarin. The error bars indicate
95% confidence intervals.

5.4 Pitch Contours of Neutral Tones in Mandarin

Accents

In Chapter |4, we have observed a converging trend of considerably variable fj
contours at the end of two neutral tone syllables in a Standard Mandarin corpus.
Similar converging effect in Standard Mandarin was previously reported in Z. Li
(2003) and Y. Chen and Xu (2006]), which suggested a stable tonal target around
the mid-low level of the pitch range. This section investigates fy realisation of
neutral tone in Plastic Mandarin with comparative Standard Mandarin data, and

answers the following specific research questions:

1) Does the neighbouring lexical tones have an effect on neutral tone realisation?
if so, how?
2) Is there a pitch target for neutral tone in Plastic Mandarin? If so, how does

the pitch target compare to that in Standard Mandarin?

This section models fy contours of phrases involving neutral tone syllables and
their interaction with several predictors, using Generalised Additive Mixed Models

(GAMMSs). One key factorial predictor is the preceding lexical tone category of a
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neutral tone, that is, the tone category of X in [X-de] phrases and X; in [X;X,-
menXy| phrases. Other factorial factors include the vowel type of the preceding
lexical tone syllable, and the following tone category (X,) of a neutral tone. The

full analysis script is available in the online supplementary materials.

5.4.1 Statistical Method

The fp points measured in Hz were converted to semitones using the same method
introduced in The reference fj for the conversion is still the speaker mean
defined in §3.4.2 based on a balanced inclusion of monosyllables of each tone in a
variety. The speaker mean can be conceptualised as the mean of the tonal space

of a speaker when speaking the said variety.

5.4.1.1 Time Normalisation

The acoustic realisation of the disyllabic sequence [X-de] varies from token to token.
The initial consonant of de, a voiceless unaspirated plosive [t], is sometimes realised
as completely voiced between the vowels or even deleted. In Figure [5.16 (a), no
clear closure period of a stop is shown in the waveform or the spectrogram, while
in (b), the closure and release are clearly present, indicated by an almost flat
signal followed by irregular noise in the waveform. The segmental realisation has
influence over f;. In (a), the fy contour is smooth and continuous while in (b)
there is a break in the fy contour and a small peak and valley (pink dots) right
before the break. Despite the short break, the overall trend of this f; contour
is smooth, that is, the onset fy of de tends to be on a track (black line) that is
extrapolated from the offset fj of the preceding syllable. Such broken curves in this
thesis are treated as smooth and continuous curves or functions where the break
is interpolated. Therefore, an fy contour of an [X-de] phrase spans the voicing
portion (rhyme) of the first syllable and almost the entire second syllable, except
for the creaky pulses at the end of de if there are any.

The average duration of the voicing portion of the first syllable is 146 ms (£47.9

ms standard deviation) and the average duration of de excluding phrase-final creaky
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pulses is 145 ms (£99.6 ms standard deviation) in Standard Mandarin. In Plastic
Mandarin, the former is 147 ms (£47.2 ms standard deviation) and the latter is
140 ms (£82.4 ms standard deviation). The ratio between the average duration
of these two parts is approximately 1:1 in both Mandarin varieties. The scales of
[—1,0] and [0, 1] were then motivated for the time normalisation of these two parts
respectively so that the overall shape would not be greatly distorted.

There is usually no fy gaps in the trisyllabic sequence [X;Xs-men] since all
the selected kinship terms and men are fully voiced. The average duration of
the voicing portion where fy is measured of the Xy, X5, and men in Standard
Mandarin is 148 ms (£56.3 ms standard deviation), 130 ms (£35.3 ms standard
deviation), and 198 ms (+56.1 ms standard deviation) respectively. In Plastic
Mandarin, the average duration of the voicing portion of the X, X5, and men is
152 ms (£58.9 ms standard deviation), 128 ms (+38.7 ms standard deviation), and
186 ms (£58.7 ms standard deviation) respectively. In both Mandarin varieties, the
ratio of reduplicative kinship term [X;X,] and men against the whole trisyllabic
phrase is approximately 60% and 40%.

In order to enable visual comparison between [X-de| phrases and [X; X5| phrases,
the scales of [—1,0] and [0,1] were then motivated for the time normalisation
of [X1X5], given only small duration difference between X; and X,. The scale
[1,2.35] was motivated for the time normalisation of men, given that men is
generally longer than X; and Xs.

The duration of de excluding phrase-final creaky pulses in [X;Xs-men de]
phrases is 119 ms (£81.1 ms standard deviation) in Standard Mandarin and 138
ms (+89.2 ms standard deviation) in Plastic Mandarin. As discussed in §5.3.3]
de in quadrisyllabic phrases is likely to be the shortest syllable in both Mandarin
varieties, although the mean duration of de may not reflect that, due to a small
number of de were produced in undesirably long fashion during the game. Therefore,
the scale [2.35,3.3] (a normalised duration of 0.95) was motivated for the time
normalisation of de in quadrisyllabic phrases in both Mandarin varieties, despite

their mean duration difference, to facilitate cross-variety comparison.
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Time was normalised in a linear fashion for the relevant part of each syllable
in each token. In this way, the overall f, contours of the [X-de] and [X; Xo-men]

phrases can be compared, as well as the f, contours of syllables at each position.

5.4.1.2 GAMM construction

Generalised additive mixed models (GAMMs) were fitted to the data to statistically
assess differences among f contours of phrases containing neutral tones. In general,
the parametric term in our models is related to the overall fy heights, and the smooth
term is associated with the f; shapes. The approach of GAMMs with difference
terms (Séskuthy, [2021)) was adopted. In this way, we fit a baseline smooth to fy
contours of one type of phrase and then other smooths representing their non-linear
differences to the baseline smooth. Such models can provide significance testing
based on summary statistics of terms extracted from the model. Following Séskuthy
(2017)), the variables coding the difference between the sets of contours were converted
to ordered factors with contrast coding before the model fitting. In all the models,
the fy in semitone is the dependent variable. Two broad sets of GAMMSs were used:
in Set 1 each model was fitted to the dataset of each Mandarin variety separately;
in Set 2 each model was fitted to the combined dataset of two Mandarin varieties.

Set 1la: the effects of preceding lexical tone category and vowel

The following terms were included for the analysis of [X-de| tokens: the ordered
factors of the tone category of X and vowel of X as the parametric terms to capture
overall differences between the trajectories, a smooth over the normalised time, a
smooth over the overall duration measured in seconds, a tensor product interaction
between overall duration and normalised time to account for the influence of duration
on the trajectories (see Séskuthy, [2017), two difference smooth over the normalised
time by the factors of X tone category and X vowel respectively, and lastly, random
smooth over the normalised time with a special grouping variable that creates
separate levels for each combination of speaker, X tone category, and X vowel, since
it is possible that the effects of the tone category and vowel of X vary across speakers.

Such Speaker x Effects random smooth (more specifically, Speaker x Tone x Vowel)
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Figure 5.17: Individual by-phrase type (initial tone category and vowel) adjustments
to the general f contours in the GAMM for Standard Mandarin disyllabic tokens. The
average of these adjustments is approximately 0, i.e. centred.

allows potential speaker-specific trends in the main effects. Figure is an example
of random factor smooths, which are a nonlinear alternative to random intercepts
and slopes in a mixed-effects regression model. They are essential to allowing for the
structural variability associated with individual speakers and phrases and thereby
prevent anti-conservative (i.e. too low) p-values (Wieling et al., 2016).

Set 1b: the effects of preceding lexical tone category and following syllable

The following terms were included for the analysis of [X; Xs-men| tokens: the
ordered factors of the tone category of X; and the following syllable of men X,
as the parametric terms to capture overall differences between the trajectories, a
smooth over the normalised time, a smooth over the overall duration measured in
seconds, a tensor product interaction between overall duration and normalised time,
two difference smooths over the normalised time by the factors of X; tone category
and X, syllable respectively, and lastly, random smooths over the normalised time
with a special grouping variable that creates separate levels for each combination
of speaker, X; tone category and X, syllable.

Set 1c: the effects of preceding lexical tone category
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The following terms were included for the analysis of [X;Xs-men de] tokens:
the ordered factors of the tone category of X as the parametric terms, a smooth
over the normalised time, a smooth over the overall duration measured in seconds,
a tensor product interaction between overall duration and normalised time, the
difference smooths over the normalised time by the factors of X; tone category,
and lastly, random smooths over the normalised time with a grouping variable of
Speaker to capture nonlinear individual differences.

Set 2: cross-variety effects

Whereas fitting two separate models (one for each variety in Set 1) and visually
comparing the patterns might generate insights about cross-variety variations, this
approach may not be adequate, since it is not possible to evaluate whether the
additional complexity of the language variety factor is warranted. Thus the second
set of models is built on the combined dataset of Plastic Mandarin and Standard
Mandarin. A new ordered factor variable was created by grouping the X tone
category and Mandarin variety, Tone x Variety, to include variety-specific tone
category effect. This combined variable replaced the factor of X tone category
in the model of Set 1a and the factor of X; tone category in the models of Set
1b and Set 1c, while the rest of specification remains the same, except that the
random factor smooth has a two-way grouping variable Speaker x Vowel in the
Set 1la model and Speaker x X, syllable in the Set 1b model. This was because
the data structure is different from that in Set 1. In the dataset for each Mandarin
variety, each speaker is represented by contours from all tone and vowel groups, in
other words, the effect category varies within speakers. However, in the combined
dataset, some speakers were in the Standard Mandarin group and others in the
Plastic Mandarin group. This set focuses on across-speaker effects, based on the
assumption that “there is less variation in contour shapes within individual speakers

than there is in the dataset as a whole” (Séskuthy, 2021, p. 13).
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Figure 5.18: Autocorrelation in the residuals of the models for Standard Mandarin
disyllabic tokens. (a) without correction; (b) after correction using the AR1 error model.
Lag indicates the number of time steps.

5.4.1.3 Model criticism and robustness

GAMMs were constructed using the bam function of the mgev package (S. Wood,
2022)). Since autocorrelation in f; contours is expected for the time dimension,
the autoregressive (AR) error model with an AR1 component was employed to
reduce autocorrelation of the model residuals within trajectories. An AR1 model
assumes that the errors for immediate neighbouring observations in the contours
are correlated (Séskuthy, 2021). Figure [5.18 illustrates the averaged residuals for all
trajectories in the GAMMSs with and without the AR1 component for the Standard
Mandarin disyllabic dataset. (a) suggests that there is high positive autocorrelation
at lag 1. In (b), the autocorrelation at lag 1 has been much reduced and the remaining
autocorrelation values are low, between 0 and —0.1. Hence the autoregressive error
model enables a more reliable assessment of the model fit and the associated p-
values (Wieling et al., 2016]). The correlation parameter was set according to the
autocorrelation function (ACF) value at lag = 1 (Carignan et al., 2020)).
GAMM smooths are penalised regression composed of basis functions, usually
splines such as cubic or thin plate regression splines, and the number of basis
functions or knots (k parameter) determine the flexibility of a smooth. The default

smooth of plate regression splines was employed in the models, considering its
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Figure 5.19: The quantile-quantile plot of the residuals of the models for Standard
Mandarin trisyllabic tokens. (a) a Gaussian model; (b) a scaled-t model.

fast computation. Since the smallest number of f; measurements for a [X-de]
token was 11 in the Standard Mandarin dataset and 12 in the Plastic Mandarin
dataset, the number of knots for these smooths cannot be set higher than 11
or 12 respectively. The chosen k parameters were checked via model diagnosis
using the gam.check() function.

In addition to the strategy to deal with the inevitable autocorrelation in the
residuals, we inspect the normal distribution and homoscedasticity of the residuals,
using the check_resid() command from the itsadug package. Figure @ (a)
presents an example quantile-quantile (QQ) plot for the Set 1b model for Standard
Mandarin data. The QQ plot suggests that the distribution of the residuals for
this model has two heavy tails, which may be indicative of a t distribution. An
advantage of GAMMs is that it extends from the generalised linear mixed models
which allows different error distribution. We thus remodelled the dataset with a
scaled-t distribution, transforming the residuals back to normality (Chuang et al.,
2021)), and the QQ plot of the updated model is shown in (b). The error distribution
is now much closer to a normal distribution in Figure [5.19 (b). The summary

statistics in the following sections will be based on such updated models.
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5.4.2 Disyllabic phrases with de in two Mandarin varieties

Figure presents the fitted normalised f, contours for each of the eight phrases
in the separate models of Standard Mandarin and Plastic Mandarin. Recall that
we defined the first half of each graph, the normalised time domain [—1,0], for
fo contours of the lexical tone syllable X and the second half, the normalised
time domain [0, 1], for the neutral tone syllable de. By comparing the patterns
between the [a] set and the [uei] set in each Mandarin variety, the differences
are unsurprisingly not substantial. The consistency of tone shapes within a tone
category is conducive to differentiating lexical meanings in a tonal language. We

now examine the fy contours in each Mandarin variety.
5.4.2.1 Standard Mandarin

The shapes of the first half of these f, contours largely resemble the patterns
of their corresponding prototypical citation tones, presented in Chapter [3 For
Standard Mandarin, Tone 1 here is flat and relatively high compared to Tones 2
and 3, although the estimated normalised fj is quite close to 0 (i.e. speaker mean)
throughout the syllable. The prototypical citation Tone 1, estimated on the same
group of speakers, has an average normalised f; of 2 semitones approximately. Tone
2 here generally has a dipping shape where the rise starts at about 40% into the
rhyme of a syllable. The degree of rising is much less than that of the citation Tone
2, whose offset is about 2 semitones higher than the speaker mean. Tone 3 here is a
large falling tone and the slope of fall decreases at about 70% into the rhyme of a
T3 syllable. Tone 4 here is similar to its citation tone with a large fall, although the
citation counterpart on average drops to as low as —3 semitones. To sum up, the
lexical tone syllable in the stressed position of a disyllabic phrase largely maintains
the canonical tone shape, but Tone 2 and Tone 4 tend to have smaller absolute
slope and Tone 1 tends to be lower compared to their citation counterparts.
While the falling Tone 3 here may correspond to the low variant of Tone 3
in the literature, the estimated fy curve of the [T3-de| phrase tends to reveal a

carryover effect of Tone 3 on the neutral tone — the canonical dipping shape of
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Figure 5.20: Fitted fy contours of eight [X-de| phrases, grouped by the vowel and tone
category of the preceding syllable of de, by two different groups of Mandarin speakers.
The shades indicate 95% pointwise confidence intervals.

Tone 3 seems to continue into the neutral tone syllable and is completed at about
30% into the second syllable. The end of such effect might be signalled by a small
peak (at approximately 0.3 normalised time) in the T3 curves. Indeed, all neutral
tone curves have a small peak around 0.3 in Standard Mandarin, which may relate
to some f, perturbation after a stop consonant.

In order to see whether the estimated f curve between [0, 0.3] reflects the actual

fo or the interpolation to fill the gap of the stop consonant, some random original
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Figure 5.21: The waveform, spectrogram (0-5000Hz), and fy measurement of three
tokens of ddde ‘made’ by three speakers. TextGrid alignment is generated by P2FA. Black

line is the smoothed fy curve. Pink dots indicate f; measurement.
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tokens were examined. Figure demonstrates three tokens of ddde in different
lengths by three speakers. Token (a) has a 60 ms gap (42% of the duration of de)
without fy measurement, while Token (b) and (c¢) have a continuous fj transition
from the first syllable to the second syllable. In (a) the initial fo point of de is about
28 Hz (2.3 semitones) higher than the offset fy point of the first syllable. In (b), fy
starts to rise after 0.2s and de also has an onset fy that is 21 Hz (3.84 semitones)
higher than the f, trough of the first syllable. In (c), the starting fy of de follows
the fy fall in the first syllable, and it continues to go lower during the majority of the
voicing portion of the consonant [t]. We also notice that the first syllable dd in (a)
and (b) is longer than that in (c). The three example tokens have demonstrated a
diverse realisation in terms of both segments and f, contour. They, however, might
reveal the general case that the starting fy of de continues from a dipping shape
of the preceding Tone 3 even if there is a gap in voicing resulting from a voiceless
consonant. The shorter the first syllable, the more carryover effect is reflected in
the fo contour of de. Tokens (b) and (c) are shorter overall, and their f; contour of
de is different from that of (a), which has a negative slope (fy gradually decreases).

The model has indeed included a continuous variable of overall duration.
Figure (a) illustrates the nonlinear interaction surface of overall duration and
normalised time for ddde phrases in Standard Mandarin with a GAMM heatmap,
created using the fvisgam function of the itsadug R package (van Rij et al., 2022).
Figure (b) is probably more informative by showing the fy contours estimated
with two different total duration: 0.25s and 0.38s. From Figure [5.22, we can see
that in longer tokens, the fy of de is predicted to decrease, reflected by the darker
green colour towards 1 in (a) and falling grey curve in (b). On the contrary, the
fo of de in shorter tokens is predicted to rise.

The fitted fy contours of de in Figure[5.20 (a) show various patterns. The end of
an fo contour, though, tend to cluster in the fy range of [—3,0] and there are more
overlapping regions in the pointwise confidence bands of different curves, which

may indicate that the difference between the curves are not significant.



5. Neutral Tones in Two Mandarin Varieties 227

— 0241 AN
o 361 ~ —
c g ] 492«6\ \
o
S € 5 €
© 1 g E < S
o 2 E T e
3 o S o 8
= @ - 5 <2 — T:
5 e 5w &
_| - T W
T
S E 3
S g ? - £
I T T T 1
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
Normalised time Normalised time
(a) (b)

Figure 5.22: The effect of duration across the normalised time estimated by the GAMM
for Standard Mandarin disyllabic tokens of ddde. (a) the interaction surface between
overall duration and normalised time; The 0.1 to 0.9 quantile of the whole range of total
duration is shown. fjy in semitone is denoted by colour grade, and regions of equidistant
change (here, A 0.5 semitones) are denoted by black lines. (b) Two estimated fp contours
with two different total duration: 0.25 (pink) and 0.38 (black). The corresponding duration
values are marked by arrows in (a).

Another visual method of significance testing is to plot the estimated difference
between the curves and check whether the confidence interval around it includes zero
(Séskuthy, . Figure m presents the estimated difference curves between each
two groups of the disyllabic Standard Mandarin tokens [ta to], in which the regions
in red indicate where the confidence interval includes zero. In the [0, 1] time domain,
the estimated f, difference of de between between T1-de and T2-de phrases is mostly
not significant. Another similar pair is the T3-de and T4-de phrases, and their
difference curve of de gradually rises up to approximate 0. Starting from about 70%
into the syllable de, their estimated f, difference is not significant. The estimated
fo difference of de between between T'1-de and T3-de phrases and T1-de and T4-de
phrases decreases, although the associated confidence interval excludes zero.

The results here are similar to the corpus analysis of disyllabic phrases reported
in §4.4.2, in which the f; at the end of a neutral tone syllable converges in two groups:
in one group the preceding tones of a neutral tone are Tones 1 and 2; in the other

group the preceding tones of a neutral tone are Tones 3 and 4. Figure [5.24] shows



228 5.4. Pitch Contours of Neutral Tones in Mandarin Accents

{ T1de - T2de

41 T2de - T3de
24
0 \

/
~ .l

10 05 0.0 05 10 . 05 0.0 05 10
Normalised time Normalised time

T2de - T4de

o

-

Est. difference in semitone
o

Est. difference in semitone

o

Est. difference in semitone
N
Est. difference in semitone

T T1de - T3de

0 A~

i \/
. -4
-1.0 0.5 0.0 0.5 1.0 -1.0 0.5 0.0 0.5 1.0
Normalised time Normalised time

T3de - T4de

T1de - T4de

14 /\_\
. //
4 /

Est. difference in semitone

Est. difference in semitone

10 05 00 05 10 10 05 00 05 10
Normalised time Normalised time

significant == FALSE == TRUE

Figure 5.23: The estimated difference fj trajectories between each two groups of the
disyllabic Standard Mandarin tokens [ta to] with the associated 95% pointwise confidence
intervals. The areas where the difference is not significantly different from 0 were marked
in red.

the distribution, kernel density estimation of ending fy at the end of de. Two fitted
Gaussian distributions based on such two groups suggest an average ending f, of
—0.64 semitones (o = 2.18 semitones) for T1-de and T2-de phrases, and an average

ending fy of —2.15 semitones (o = 2.27 semitones) for T3-de and T4-de phrases.

5.4.2.2 Plastic Mandarin

For Plastic Mandarin, the lexical tones on the left half of the graphs in (b) also
resemble their citation form very much, especially the high rising Tone 4 almost
reaching as high as 5 semitones above the speaker mean. Other tones have slight

differences compared to their citation form. Tone 1 here slightly falls, Tone 2 in
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Figure 5.24: The distribution, kernel density estimation of ending fy of de in disyllabic
Standard Mandarin tokens and the fitted Gaussian distributions of two groups. Five
potential outliers with an absolute value of fy more than 8 were removed in the plot.

huide here tends to be a level tone. Tone 3 here is a falling tone, but the overall
fo range is shifted higher than that of its citation form.

The neutral tone de half of the graphs show that f, contours of different groups
converge at the end, approximately in the fy range of [—2.5,0]. The converging
effect in Plastic Mandarin tends to be visually more obvious than that in Standard
Mandarin. Now the difference curves are useful to check whether the f, differences
at the end of de among different groups are statistically significant.

Figure [5.25 presents the estimated difference curves between each two groups
of the disyllabic Plastic Mandarin tokens [ta to]. In the normalised time domain
between 0 and 1 (t* = [0, 1]), the absolute value of estimated fy difference between
all pairs is approaching 0 as the normalised time increases, and between phrases of
T1-de and T2-de, T1-de and T3-de, T1-de and T4-de, and T2-de and T4-de, the
associated confidence intervals include zero at the end (marked in red). The region
that includes zero, though, is merely 6% of de in the latter two comparisons, namely,
the fy difference between T1-de and T3-de phrases, and between T1-de and T4-de
phrases. This suggests that the fy contours converge at the very end of de for these
pairs of phrases. The f, differences between phrases of T2-de and T3-de, T3-de and
T4-de, are still statistically significant at the end. Both Tone 3 and Tone 4 syllables
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Figure 5.25: The estimated difference fj trajectories between each two groups of the
disyllabic Plastic Mandarin tokens [ta to] with the associated 95% pointwise confidence
intervals. The areas where the difference is not significantly different from 0 were marked
in red.

have a large fy excursion at the end of the syllable, but in different directions. It
may take longer time for these very different f; onsets of de to converge.

Figure [5.26 illustrates the duration effect for Plastic Mandarin tokens dade
‘big’. For the longer tokens, the fy drops more in the de part, especially in the
normalised time range from 0.5 to 1 (t* = [0.5, 1]). This is shown in the heatmap
(a) that the black arrow, representing a longer token (370 ms), crosses more black
solid lines than the pink arrow that represents a shorter token (250 ms), since
black lines mark regions of equidistant f; change. The fy height at the end of
de in these two tokens is directly reflected in (b), and the estimated f; difference

is approximately one semitone.
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Figure 5.26: The effect of duration across the normalised time estimated by the GAMM
for Plastic Mandarin disyllabic tokens of ddde. (a) the interaction surface between overall
duration and normalised time; The 0.1 to 0.9 quantile of the whole range of total duration
is shown. fj in semitone is denoted by colour grade, and regions of equidistant change
(here, A 0.5 semitones) are denoted by black lines. (b) Two estimated fy contours with
two different total duration: 0.25 (pink) and 0.37 (black). The corresponding duration
values are marked by arrows in (a).
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Figure 5.27: The distribution, kernel density estimation of ending fy of de in disyllabic
Plastic Mandarin tokens and the fitted uniform Gaussian distribution. Two potential
outliers with an absolute value of fy more than 8 were removed in the plot.
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In order to estimate a potential converging fy, Figure shows the distribution,
kernel density estimation of ending f; at the end of de. A uniform Gaussian
distribution was fitted to the ending fy points, and it suggests an average ending

fo of —1.30 semitones (o = 2.04 semitones) across all groups.

5.4.3 Trisyllabic phrases with two consecutive neutral tone
syllables

This section reports on the trisyllabic phrases composed of reduplicative kinship
term followed by the plural particle men. Both the duplicate syllable X, and
men are considered as neutral tone syllables. In this section, we investigate the
influence of not only the preceding lexical tone but also the following tone on
the fy contours of neutral tones.

Figure [5.28 presents the fitted normalised f, contours for each of the four phrases
in the separate models of Standard Mandarin and Plastic Mandarin. Recall that we
have normalised time range [—1,0] for f, contours of the lexical tone syllable X7,

0, 1] for the neutral tone syllable X5, and [1,2.35] for the neutral tone syllable men.

5.4.3.1 Influence of the following tone of men

Figure separates the estimated f contours according to the following syllable
of men: neutral tone syllable de or Tone 4 syllable zheng. A Tone 4 syllable in
both Mandarin varieties starts at a relative high f,. Tone 4 syllable is, therefore,
the best choice among other lexical tones to investigate whether the following tone
influences the fy contour of a neutral tone syllable. In other words, given the its
high starting f,, Tone 4 may elicit evident anticipatory effect, or interpolation
if the fo contour of a neutral tone syllable is interpolated between the preceding
and following lexical tones without a pitch target.

By visually comparing the patterns between the de set and the zheng set in
each Mandarin variety, the differences are not substantial. Three methods were
used to test for significant differences between the two sets. First, we set up a
nested model which excluded the parametric term and the difference smooth of

the following syllable, and compared this to the original model through Chi-square
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Figure 5.28: Fitted fy contours of four [X; Xo-men| phrases, grouped by the following
syllable of men, by two different groups of Mandarin speakers. The shades indicate 95%
pointwise confidence intervals.

test of the Maximum Likelihood scores, using the compareML() command from the
itsadug package. The model comparison in both varieties (Standard Mandarin:
xX%(3,22) = 9.17,p < .001; Plastic Mandarin: x?(3,22) = 20.76,p < .001) shows
that the inclusion of the parametric term and the smooth difference term of the
following syllable significantly improves the model fit. This suggests that the
following syllable exerts some influence over the fy contours. Yet the distribution

of the residuals of the models has heavy tails. Having remodelled the data with a
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Figure 5.29: The estimated fy difference trajectory between meimei-men in the de set
and the zheng set in each Mandarin variety, with the associated 95% pointwise confidence
intervals. The entire area is not significantly different from O.

scaled-t distribution, the model comparison approach is no longer avaﬂableﬁ.

Then, we extracted summary statistics about this parametric and smooth term
in the corrected model, using the summary() command in mgcv package, to check
whether they are different from zero. In Standard Mandarin, the parametric
term (¢(1) = —0.276,p = 0.78) is not statistically significant, and the smooth
term (F'(1,5.76) = 2.21, p = 0.03x) is statistically significant. Similarly in Plastic
Mandarin, the parametric term (¢(1) = —0.985,p = 0.32) is not statistically
significant, and the smooth term (F'(1,6.08) = 2.38,p = 0.02%) is statistically
significant. This suggests that the expected differences are not in fy height
but in fy shape.

Finally, we plot the estimated difference curve between the two sets under
each condition of X tone category with the associated 95% pointwise confidence
interval. Figure demonstrates the difference curve for Tone 4 starting phrases
meimei-men ‘sisters’. We can see that in the normalised time range [1.5,2] in both
varieties, the estimated fj difference (concave up shape in the difference curve) is

slightly larger than that in [1, 1.5], which reveals that the f, may fall slightly lower

6Since bam() needs the parameter ‘discrete=TRUE’ for extended distribution families with
the AR1 component, which is only available with ‘{REML’ (fast restricted maximum likelihood
estimation) smoothing parameter estimation method. But smoothing parameter ‘ML’ (maximum
likelihood estimation) is needed for model comparison.
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then rise at the end in the zheng set, so as to gain a positive velocity to reach the
upcoming high tone. However, no regions in any of the plots excludes zero.

To conclude, we did not have sufficient statistical evidence supporting the
significant differences in fy contours in the two sets. This reveals that the following
Tone 4 has little impact on the fy contour of the trisyllabic phrases in both

Mandarin varieties.

5.4.3.2 Influence of the preceding lexical tone

In both Mandarin varieties, the fy patterns of the duplicate syllable X5 in the
medial position of the trisyllabic phrases are different from those of de in the
disyllabic phrases, although both X5 and de are classified as neutral tone syllables.
Nevertheless, the overall shape of the contours, grouped by the lexical tone of X7,
bears great resemblance to the shape of [X-de] phrases with the corresponding tone.

When we look at [—1,1] in [5.28(a), the normalised time range for X;X, in
Standard Mandarin, we can clearly find four canonical citation tone patterns: a
a high falling pattern (Tone 4 SM), a mid-to-high rising pattern (Tone 2 SM), a
fall-rise dipping pattern (Tone 3 SM), and a (relatively) high level pattern (Tone
1 SM). The high falling pattern here does not fall as much as the citation Tone
4. Similarly in [5.28(b), the tone patterns in [—1,1] mostly show the prototypical
citation tone patterns of Plastic Mandarin: a high rising pattern (Tone 4 PM), a
mid level pattern (Tone 1 PM), and a mid rising pattern (Tone 2 PM). There is
also a fall-rise dipping pattern, which is different from the prototypical low-falling
Tone 3 in Plastic Mandarin, but similar to Tone 3 in Standard Mandarin. In both
Mandarin varieties, fy in Tone 3 starting phrases nainai-men ‘grannies’ falls in
the first syllable, then rises in the second syllable, although it falls to a lower fy
in Standard Mandarin than in Plastic Mandarin. In fact, except for the Tone 4
starting phrases meimei-men, the estimated fy contours of the other phrases in
Plastic Mandarin resemble those of the corresponding phrases in Standard Mandarin.

The above observations suggest that the reduplication tends to provide increased

duration to realise the fy contour of the lexical tone of the base syllable Xj.
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Figure 5.30: The estimated difference fy trajectories between each two groups of the
trisyllabic Standard Mandarin tokens in the de set, with the associated 95% pointwise
confidence intervals. The areas where the difference is not significantly different from 0
were marked in red. The number in the pinyin transcription indicates X; tone category.

In other words, the lexical tone of X; has much influence on the f; contour
of the following neutral tone syllable X5, and such influence continues into the
second neutral tone syllable men.

Now we move on to look at the variation in fy contours of men. Figures [5.30
and [5.31 present the estimated difference curves between each two groups of the
trisyllabic tokens in Standard Mandarin and Plastic Mandarin respectively. In both
figures, all the difference curves with their associated 95% pointwise confidence
intervals include zero towards the end. For Standard Mandarin, in the last 5% of
all the difference curves, the normalised time domain [2.18,2.35], the differences in

fo between any two groups are statistically not significant. For Plastic Mandarin,
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Figure 5.31: The estimated difference fy trajectories between each two groups of the
trisyllabic Standard Mandarin tokens in the de set, with the associated 95% pointwise
confidence intervals. The areas where the difference is not significantly different from 0
were marked in red. The number in the pinyin transcription indicates X; tone category.

in the last approximately 9% of all difference curves, the normalised time domain
[2.05,2.35], the differences in fy between any two groups are statistically not
significant. This suggests that different f; contours converge towards the end of

the neutral tone syllable men in both Mandarin varieties.

Figures [5.32 and [5.33 show the distribution, kernel density estimation of f

at the end of men in Standard Mandarin and Plastic Mandarin respectively. A
uniform Gaussian distribution was fitted to the ending f; points in each dataset.
The Gaussian model suggests an average ending fy of —1.24 semitones (o = 2.58
semitones) across all [ X; Xsmen] phrases in Standard Mandarin, and an average

ending fo of —0.67 semitones (¢ = 2.00 semitones) in Plastic Mandarin.
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Figure 5.32: The distribution, kernel density estimation of ending fj of men in trisyllabic
Standard Mandarin tokens and the fitted Gaussian distribution. Seven potential outliers
with an absolute value of fy more than 8 st were removed in the plot.
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Figure 5.33: The distribution, kernel density estimation of ending fj of men in trisyllabic
Plastic Mandarin tokens and the fitted Gaussian distribution. Five potential outliers with
an absolute fy value more than 6 st were removed in the plot.
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5.4.4 Quadrisyllabic phrases with three consecutive neutral
tone syllables

This section continues to examine the subset of [X; Xomen] phrases, those who are
followed by de, [X;Xsmen de], in which three consecutive neutral tone syllables
follow a lexical tone syllable X;. From the previous section §5.4.3, we have learnt
that the four different f, contours converge at the end of men in both Mandarin
variety. This means that the starting f of different contours for the last neutral
tone syllable de is similar. Will the fy contours of de be flat if the contours have
already converged at a common pitch target?

Figure [5.34 shows the model predictions for the four quadrisyllabic phrases
in each Mandarin variety. In each sub-figure, the shape of all f, contours of
de, in the normalised time domain from 2.35 (black dotted reference line) to 3.3
(t* = [2.35,3.3]), is similar — the fy contours continue to fall, and their confidence
bands overlap with one another. Such a homogeneous fy pattern of de forms a
contrast with the diverse f, patterns of the same syllable de when it is the second
syllable in the disyllabic phrases. This suggests that, in both Mandarin varieties,
the lexical tone of X, has little impact on the fy contour of the third neutral tone
syllable de, and that the pitch target of de is low.

In order to estimate the potential low pitch target, we examine the probabilistic
distribution of the final f, point of de. Figure [5.35| portrays the distribution, kernel
density estimation of fj at the end of de in Standard Mandarin and Plastic Mandarin
respectively. A uniform Gaussian distribution was fitted to the ending f, points in
each dataset. The Gaussian model suggests an average ending f, of —2.13 semitones
(0 = 2.49 semitones) across all [X; Xomen] phrases in Standard Mandarin, and an
average ending fy of —1.97 semitones (o = 2.14 semitones) in Plastic Mandarin.

Recall that in the disyllabic phrases of Plastic Mandarin, the fy contours of de
have already shown a clear converging trend (see Figure and the mean of
ending fy is about —1.30. Here the mean of ending fy of de is lower, which reveals
that the consecutive neutral tones allow ample time to reach a lower pitch target.

This matches the duration effect shown in Figure [5.22 and discussed in §5.4.2]



240 5.4. Pitch Contours of Neutral Tones in Mandarin Accents

2.54

0.0 1

fo (semitone)

-2.54

-1 0 1 2 3
Normalised time

Lexical tone of Xy — T1 ---- T2 --- T3 - - T4

(a) Standard Mandarin

fo (semitone)

-2 4

1 0 1 2 3
Normalised time

Lexical toneof Xy — T1 ---- T2 --- T3 - - T4

(b) Plastic Mandarin

Figure 5.34: Fitted fy contours of four [X;Xs-men de] phrases by two different groups
of Mandarin speakers. The shades indicate 95% pointwise confidence intervals. Black
dotted vertical reference lines indicate the syllable boundaries.
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Figure 5.35: The distribution, kernel density estimation of ending fy of de in
quadrisyllabic tokens and the fitted Gaussian distribution in the two Mandarin varieties.

In (a), one potential outlier with fy less than —10 st was removed in the plot.

5.4.5 Comparison of Plastic Mandarin and Standard Man-

darin

The Set 2 models with the combined data of Standard Mandarin and Plastic

Mandarin explore the dialectal variation in the realisation of f, contours in the

disyllabic, trisyllabic, and quadrisyllabic phrases containing neutral tone syllables.

Previous observations have shown that the two Mandarin varieties are similar in

the following aspects, despite the different lexical tones:
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1) The fy contour of a neutral tone syllable is greatly influenced by the preceding
tone, but not by the following tone.

2) The different fy contours of neutral tone syllables men and de converge towards
a low pitch, and consecutive neutral tones allow ample time to reach a lower
target.

3) The fy patterns of the duplicate syllable Xy are different from those of men
and de.

This section mainly investigates whether the differences between Standard and
Plastic Mandarin in the observed converging fy levels at the end of neutral tone
syllables are statistically significant. In other words, is there a similar pitch target

for neutral tone syllables in the two Mandarin varieties?

Figures [5.36, [5.37] and |5.38 present the estimated f; trajectories of four different

groups of disyllabic, trisyllabic, and quadrisyllabic phrases in both Mandarin
varieties respectively, and the estimated f; difference trajectories between each pair
of the same phrase in the two Mandarin varieties. In all three figures, at the end
of normalised tokens where fy contours converge, Plastic Mandarin contours have
much overlap with Standard Mandarin contours, especially in [5.38 (a).

The difference trajectories in Figure m (b) suggest that the fy contours of T1-
de phrases in the two Mandarin varieties are not statistically significantly different.
The fy differences between Standard Mandarin and Plastic Mandarin in the de part
of the fy contours of T3-de phrases are also not statistically significant, although
Tone 3 in Standard Mandarin has a steeper fall and earlier trough. The f; differences
between the two Mandarin varieties in the Tone 2 and Tone 4 pairs are largely
statistically significant. The starting fy heights of de (t* = 0) in the Tone 1 and
Tone 3 pairs are similar (in red), while the starting fy of de in Plastic Mandarin in
the Tone 4 pair is about 4 semitones higher than that in Standard Mandarin. There
may not be enough time for a much higher starting fy to descend to the same low
level, despite a higher decline rate. While the starting f; differences of de in the
Tone 2 pair are small, the f; velocity in that moment is different, since Tone 2 in

Standard Mandarin has a larger slope of rising than Tone 2 in Plastic Mandarin.



5. Neutral Tones in Two Mandarin Varieties 248

fo (semitone)

: .
-1.0 05 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
Normalised time

. — 1P == 2p 0 3p = 4p
Preceding tone
“ei s - - 28 ‘= 3s -— 4ds

(a)

Q 5l T2de.PM - T2de.SM Q T1de.PM - T1de.SM
2 S 101
5 /-\ 5
Q4 [0}
» ® 0.5+
£ T £
3, \ 5 /\
3 \ o . \___———
(J (]
ﬁ 14 \ ﬁ -0.51
© ©

-1.0 0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

Normalised time Normalised time

2 54 T4de.PM - T4de.SM e T3de.PM - T3de.SM
2 £ 27
E 41 £
[} [}
2] 2]
£ 34 £ 14 /\
® ®
Q Q \/\
< o4 c /
) S
[} [}
2 s '}
s = 1
u‘ﬁ 0 T T T T T u‘ﬁ T T T T T

-1.0 05 0.0 0.5 1.0 -1.0 0.5 0.0 0.5 1.0

Normalised time Normalised time
significant == FALSE =— TRUE
(b)

Figure 5.36: (a) Fitted fy trajectories of four different groups of disyllabic phrases in
both Mandarin varieties. For the preceding tone of de, numbers indicate tone categories,
‘p’ indicates Plastic Mandarin, and ‘s’ indicates Standard Mandarin. (b) The estimated f
difference trajectories between each by-variety pair of da-de phrases, with the associated
95% pointwise confidence intervals. The areas where the difference is not significantly
different from 0 were marked in red. The number in the pinyin transcription indicates
the preceding tone of de.
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Figure 5.37: (a) Fitted fp trajectories of four different groups of trisyllabic phrases in
both Mandarin varieties. For the lexical tone of X, numbers indicate tone categories,
‘p’ indicates Plastic Mandarin, and ‘s’ indicates Standard Mandarin. (b) The estimated
fo difference trajectories between each by-variety pair of [X; Xomen (de)] phrases, with
the associated 95% pointwise confidence intervals. The areas where the difference is not
significantly different from 0 were marked in red. The number in the pinyin transcription
indicates the tone category of Xj.
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Figure 5.38: (a) Fitted fy trajectories of four different groups of quadrisyllabic phrases in
both Mandarin varieties (duration: 540 ms). For the lexical tone of X7, numbers indicate
tone categories, ‘p’ indicates Plastic Mandarin, and ‘s’ indicates Standard Mandarin. (b)
The estimated fy difference trajectories between each by-variety pair of [X; Xomen de]
phrases, with the associated 95% pointwise confidence intervals. The areas where the
difference is not significantly different from 0 were marked in red. The number in the
pinyin transcription indicates the tone category of Xj.
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For trisyllabic phrases, Figure @ (b) suggests that the fy contours of both
mama-men and yeye-men phrases in Plastic Mandarin are not statistically signif-
icantly different from the corresponding phrases in Standard Mandarin. The fj
differences between Standard Mandarin and Plastic Mandarin in phrases nainai-men
are not statistically significant in the majority portion of the men syllable. Given
the drastically different tone patterns of Tone 4, the f, differences between Standard
Mandarin and Plastic Mandarin in phrases meimei-men are mostly statistically
significant, and become not significant only at the very end of men.

In Figure m (b) of quadrisyllabic phrases, the percentage of areas marked in
red where the fy differences between Standard Mandarin and Plastic Mandarin are
not statistically significant has increased in phrases nainai-men de and meimei-men
de. The fy contours of both mama-men de and yeye-men de phrases in Plastic
Mandarin are, still, not statistically significantly different from the corresponding
phrases in Standard Mandarin in their entirety. For all four phrases, the f, contours
of the de part (t* = [2.35,3.3]) between the two Mandarin varieties do not differ
statistically significantly. This suggests that there is a similar low pitch target for

neutral tone syllables in Standard Mandarin and Plastic Mandarin.

5.5 Discussion
5.5.1 Approaching a low pitch target

This chapter provides compelling acoustic evidence that the fy, contour of neutral
tone syllables is approaching a low pitch target in both Mandarin varieties. From
the model prediction plots of de in disyllabic phrases, men in trisyllabic phrases, and
men de in quadrisyllabic phrases in Plastic Mandarin, we can clearly see that various
fo contours converge at the end of neutral tone sequences towards a pitch level that
is lower than the speaker mean, with overlapping confidence intervals. Likewise, the
converging effect of fy contours of different groups of phrases is strongly present in
trisyllabic phrases and quadrisyllabic phrases in Standard Mandarin. It is, though,

less obvious in the [X-de] disyllabic phrases in Standard Mandarin. In fact, at the
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Figure 5.39: The fitted Gaussian distribution of ending fy of trisyllabic (¢* = 2.35) and
quadrisyllabic (¢* = 3.3) tokens in the two Mandarin varieties.

end of de in the disyllabic phrases, there are some groups of f, contours between
which the fy difference is still statistically significant in both Mandarin varieties.

Duration of a neutral tone sequence tends to play a role in the approximation
of a pitch target. The findings suggest that a longer neutral tone sequence allows
ample time to approach a lower target. When there is only one neutral tone syllable,
the longer token tends to have a lower ending f;. The short duration of de in
Standard Mandarin may explain the large variance in the distribution of f, at the
end of de in a disyllabic token. As reported in §5.3.2.1] de is on average about
67% of the duration of the preceding lexical tone syllable in Standard Mandarin,
and about 77% in Plastic Mandarin.

Figure [5.39] recaps the fitted Gaussian distribution of ending f in the trisyllabic
and quadrisyllabic tokens in the two Mandarin varieties. At the end of the quadri-
syllabic tokens, the two Gaussian distributions of ending f, have a large overlap.
The GAMMSs analysis reported in §5.4.5/ shows that f, difference between Standard
Mandarin and Plastic Mandarin throughout the entire de in the quadrisyllabic tokens
is not statistically significant. This suggests that the low pitch target associated with

neutral tone sequences in Plastic Mandarin is similar to that in Standard Mandarin.
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5.5.2 Interpretations of the low pitch target

While there are systematic variations in the citation form of lexical tones between
Standard Mandarin and Plastic Mandarin (see Chapter , the pitch target associ-
ated with neutral tones, nevertheless, remains stable and constant in this synchronic
variation. Where does the target come from?

Our data show that the fy contours of neutral tone sequences [X;Xs-men]
are greatly influenced by the preceding lexical tone, but hardly influenced by the
following lexical tone. The converging effects of neutral tone f; contours irrespective
of the preceding and following tones rule out the claims that neutral tone is
merely an interpolation between its preceding and following tone or a complete

spreading from its preceding tone.

(2)

Figure 5.40: The schematic illustration of hypothetical pitch targets for a neutral tone
sequence, high rising Tone 4 in Plastic Mandarin followed by three neutral tone syllables.
Vertical bars demarcate syllables. Letters H and L indicate the underlying tone target
of a syllable. L% represents a low tone target attached to the end of this phrase. The
dotted black line is the predicted pitch contour given the underlying tones and the teal
solid line is the actual pitch contour.

5.5.2.1 The hypothesis of an underlying low tone

A natural association of a low pitch target is that neutral tone may be underlyingly
a low tone, which was proposed by H. Lin (2006). There are two main issues in
this account: first, neutral tone does not behave the same way as the other low

tone, for example, Tone 3 in Standard Mandarin and Plastic Mandarin. While
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the low pitch target is usually approached by the end of a Tone 3 syllable, there
is a large fy variance at the end of a neutral tone. Second, the investigation
into sequences of neutral tone suggests that not necessarily every neutral tone is
associated with a low pitch target. If all neutral tones were L tones, one would
expect the pitch contour of a neutral tone flanked by neutral tones on both sides
to exhibit a relatively flat shape with a low pitch, as illustrated schematically in
Figure @ (1). Yet our data displayed a falling pattern in all three consecutive

neutral tone syllables, despite the variability in the slopes.

5.5.2.2 Attracting the boundary low tone

Another more promising account is that neutral tone, always associated with
unstressed syllables, does not have any underlying tone, but attracts a boundary
low tone. Sun and Shih (2021) found that anticipatory tonal coarticulation became
weak when crossing a strong boundary such as the subject-predicate boundary.
Q. Li and Chen (2019) also suggested that the anticipatory effect of the following
tone can be blocked by a higher-level boundary. The weak effect of the following
lexical tone in our data may indicate a strong boundary effect.

Two examples of sentences containing [ X; Xo-men X 4| phrases are given in , in
which the focused words are marked in bold. We can see that in (13), méimei-men
is the noun phrase serving as the subject of the sentence, and precedes the predicate
of the sentence. Such subject-predicate boundary was viewed as a high-level or
strong boundary in Q. Li and Chen (2019) and Sun and Shih (2021)), which may

explain the weak effect from the following Tone 4 syllable zheng.

(13) a.  meimei-men zheng tdn-zhe jita.
sister-PL PROG play-DUR guitar

‘Sisters are playing guitars.

b. meimei-men de zhuzi gao-le.
sister-PL GEN bamboo (grow) tall-PERF

‘Sisters’ bamboo has grown taller.
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Strong boundaries are often defined in prosodic domains, though often synchro-
nised with syntactic structures. In Fitzpatrick-Cole (1996))’s analysis of Bengali,
the right edge of focus and the left edge of verbs are both considered as strong
phonological phrase boundaries. In intonation phonology, the edges of various
prosodic constituents are the docking sites for boundary tones (Pierrehumbert,
1980). For example, Hayes and Lahiri (1991) argue that boundary tones associate
to domain boundaries of the Prosodic Hierarchy (Selkirk, |1986; Nespor, 1986),
in particular the Phonological Phrase and the Intonational Phrase, in Bengali.
Takahashi (2019) argues that a boundary low tone is assigned at the right edge
of a phonological word in Shanghai tone sandhi.

A potential prosodic grouping is illustrated in using brackets, and the
boundary tone j, is attached to right edge of the outermost prosodic constituent in
a recursive structure. The prosodic leanings of neutral tone syllables are leftwards,
similar to the encliticising functional words in Germanic languages (Lahiri & Plank,
2022). The location of a neutral tone syllable always coincides with the right edge
of a prosodic constituent, and a neutral tone syllable can occur at the right edge
of various layers within the prosodic hierarchy. While in (14h) the noun phrase
méimei-men precedes a predicate, in (14b) méimei-men-de is the given information
preceding a narrow focus (the keywords being guessed). It is likely that both these
conditions trigger a strong boundary effect so that the underspecified neutral tone

attracts a boundary low tone, as illustrated in Figure [5.40 (2).

(14) a. ((méimet) men)y, (zhéng)
sister PL PROG
b.  (((méimei) men) de)r,
sister PL  GEN

One advantage of the boundary tone account is that it differentiates neutral
tone from other lexical tones in acquiring a surface pitch target. Boundary tone is a
post-lexical process. The distinction between lexical tones and post-lexical processes
can conveniently explain their different behaviours in the synchronic variation of

Standard Mandarin and Plastic Mandarin—mneutral tone does not conform to the
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systematic variations of tone shape (target) observed in the other lexical tones
(recall Chapter . If neutral tone is inherently the same as the other lexical tones,
how to explain its deviation from the predominant pattern of tonal variation?

Previous literature have highlighted substantial divergences between the neutral
tones in Changsha and Standard Mandarin (recall §2.5.1.3). The pitch pattern
of neutral tones in Plastic Mandarin in this study did not resemble the reported
pitch pattern of neutral tones in Changsha. That the pitch target of neutral tone
across the two Mandarin varieties remains invariant may signal that the post-lexical
tonal phenomenon associated with neutral tone in Plastic Mandarin is a direct
transfer from Standard Mandarin and that the post-lexical processes tend to be
more stable than lexical tones in this Mandarin variation.

Another advantage of the boundary account is that it enables neutral tone
syllables to undergo different post-lexical processes. Neutral tone syllables such
as interrogative particles at the end of a question are most likely to have a high
tone H% instead of a low tone in Mandarin varieties.

The boundary account is, nevertheless, not conclusive. Firstly, the phonological
account does not explain the varying converging pitch levels at the end of a different
number of neutral tone syllables, although all of them are below the speaker mean.
The ending fy of a single neutral tone in disyllabic phrases was also subject to
higher variability than that of a neutral tone sequence. Secondly, despite ample
duration in a neutral tone sequence, the average ending pitch of a low boundary
tone L% might not be as low as that of a single (underlying) L tone. Thirdly, more
data are needed to investigate the effect of different boundary types on neutral tone,
controlling for pragmatic contexts such as focus and newness. Fourthly, this study
only concerns the potential boundary effects on neutral tone syllables and what

happens to full lexical tones at boundaries is yet to be explored in future research.

5.5.2.3 Pitch-related prosodic preplanning

The slow rate of approximating the low pitch target in neutral tones was interpreted

as weak articulatory strength (Y. Chen & Xu, 2006). In other words, a low neutral
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tone tends to be implemented in a ‘softer’ or ‘undershooting” manner compared
to a low lexical tone, which may be partially attributed to the short syllable
duration of many neutral tone syllables.

The varying converging pitch levels at the end of neutral tone sequences in
different lengths may be accounted for in speech production planning, where pitch
shifting has been presented as acoustic evidence for pitch-related preplanning in
speech production (A. C. H. Chen & Tseng, [2019).

The phonetic form of a word in an utterance is greatly influenced by the prosodic
structure and prosodic prominence (Keating & Shattuck-Hufnagel, 2002). Prosodic
encodings typically included fy heights and duration at edges of prosodic units. Yuan
and Liberman (2014 showed strong correlation between the f, declination slopes
and the length of inter-pause units in English and Mandarin broadcast news speech,
that is, longer units tended to have less steep fy slopes. No correlation between
the length of the inter-pause unit and the final f; height was found. Liberman
and Pierrehumbert (1984) suggested that utterance-final fy height asymptoted
to a speaker-based baseline representing characteristics of a speaker’s voice. Asu
et al. (2016), on contrary, observed that longer intonational phrases in spontaneous
Estonian speech exhibited a tendency of lower phrase-final f; heights in addition
to less steep fy slopes, suggesting a larger pitch range may be pre-arranged in
longer prosodic units.

In our data, longer neutral tone sequences tended to have a lower final fj.
In phrases with three consecutive neutral tones following a high tone (i.e. T1 in
Standard Mandarin and T4 in Plastic Mandarin), the declination rate was faster
in the first two neutral tone segment. In the language game setting with semi-
spontaneous speech production, the online message planning is likely to be more
fragmented compared to read speech and the final fy height may be more dependent
on the duration of a prosodic unit (A. C. H. Chen & Tseng, [2019). With a longer
prosodic unit speakers may be more likely to drop to their pitch low-bound baseline.

The crosslinguistic differences between Mandarin and English in Yuan and Liber-

man (2014) suggested that prosodic encoding in speech production is linguistically
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meaningful. This study revealed that pitch-related prosodic encoding including

pre-boundary f, lowering is similar between the two Mandarin varieties.

5.5.3 Implications for neutral tone typology

The fy patterns of the duplicate syllables X5 tend to differ from the low-pitch target
approaching patterns identified for de and men, reported in §5.4.3. This might be
the case that reduplication has a different intonation mechanism and that a copied
syllable X5 has an underlying tone, which is the same as the original lexical tone of
X;. Fitzpatrick-Cole (1996) showed that in Bengali the entire reduplicated phrasal
structure including the base phrase and the copy shared one expected contour such
as the tune for a focus nucleus (L*Hy), and thereby argued that the entire structure
was in a single Phonological Phrase. In a similar vein, the entire reduplicated
structure [X; X5] here tends to share the lexical tone pattern of X; instead of having
two copies of a lexical tone. In this case, the so-called neutral tone of X, would
be some tone sandhi form operated within the domain of reduplication.

Since [X;X5] in our data is embedded in trisyllabic phrases [X;Xs-men], the
reduplication effect is confounded with the potential influence of the following
syllable men. It would be ideal to have disyllabic reduplication data [X;X5],
which form a direct contrast with [X;de] data. This will be a direction for future
research. A next step of this research is to examine the pitch contours of neutral

tone syllables with underlying tones.



254



Prosodic Variation in the Mandarin

Accents
Contents

[ Realisation of Prosodic Prominencel . .. ... ... .. 256
[6.1.1  Phonetic biases in contour changes . . . . ... ... .. 257

[6.1.2  Identity marking in prosody|. . . . . . .. ... .. ... 259

[6.1.3  Potential sound change mechanism| . . . . ... ... .. 260

6.2 Cross-varietal Constancy in Neutral Tone: Stable |

[ Transfer of Prosodic Structurel . ............. 262

6.3 Methodological Discussion . . . . ... .......... 266

[6.4 Open Science and Reproducibility] . . .. ... ... .. 268

The phonetic characteristics of Mandarin accents have shifted between the older
and younger generations of speakers in Changsha, so have the attitudes towards
these non-standard Mandarin accents. The positive associations of Plastic Mandarin
may be a concomitant of the gradual status shift of Mandarin from an L2 to an
L1 in Changsha. This chapter portrays Plastic Mandarin from the perspective
of language variation and change, bringing together the key threads of analysis
presented in the Chapters 4 to 6. The main discussion is divided into four parts:
reviews the analysis of citation tones of Plastic Mandarin, Standard Mandarin,

and Changsha, and answers the first set of research questions presented in Chapter
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[1] §6.2 reviews the analysis of neutral tones of Plastic Mandarin and Standard
Mandarin, and answers the second and third set of research questions. Finally,
and §6.4 discuss the methods of analysing pitch contours and address the

importance of open and reproducible practices.

6.1 Cross-varietal Variation in Lexical Tones: Dis-
tinct Realisation of Prosodic Prominence

RQ 1: What are the citation tones of Plastic Mandarin? What are the potential

sources of sound change?

This study characterises the lexical tones of Plastic Mandarin through empirical
data. Plastic Mandarin has the same four tonal categories as Standard Mandarin,

and the citation tone patterns are summarised in Table [6.1:

Tone Phonetic Description

1 a mid, level tone [1]

2 a low to mid rising tone []
3 a low, falling tone [{]

4 a high rising tone [1]

Table 6.1: Summary of Plastic Mandarin lexical tones.

The tone patterns of all four tones in Plastic Mandarin differ from their Standard
Mandarin counterparts. In connected speech of Standard Mandarin, syllables
in prosodically more prominent positions tend to maintain the canonical tone
shape more faithfully, while prosodically weak syllables tend to have a reduced or
distorted, non-canonical tone shape, especially in fast speech (Shih et al., 2001;
Sui, 2016). The difference in the citation tones, therefore, leads to drastically

distinct realisation of prosodic prominence.
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6.1.1 Phonetic biases in contour changes

One possibility of the formation of Plastic Mandarin tone patterns is that Standard
Mandarin tones had some variation by pure chance in Changsha and the randomly
mutated tone variants somehow became generalised. Another (not exhaustive)
possibility is that Standard Mandarin tones have undergone tonal contour changes
in a similar phonetically biased chain shift fashion as reported in Bangkok Thai in the
past century (see Pittayaporn, 2018, p. 259). In his analysis of Bangkok Thai tone
changes, Pittayaporn (2018) proposed that tone variants arising from the production
and perception of lexical tones tended to be crystallised and phonologised.

To explore the synchronic Mandarin variation in the perspective of tone contour
change, Table [6.2 summarises the tonal changes by tone categories, by comparing
the tone patterns of Plastic Mandarin and Standard Mandarin. When tone patterns
are conceptualised as probabilistic approximation of high or low pitch target(s)
that anchored to certain time points relative to the vowel or the sonorant part of
a syllable, a varied tone pattern can be generated when the pitch target moves
in both the temporal domain (leftward or rightward) and/or the pitch domain
(upward or downward). Figure E schematically shows the rightward move of a
high pitch target, and the tone pattern of the syllable demarcated by the vertical
bars changes from a high falling shape into a high rising shape, when the flanking
tones are not high tones. The characteristics of Standard—Plastic tonal variation

patterns are also summarised in Table [6.2.

Tone Standard Mandarin > Plastic Mandarin Tone Variation

1 high level [1] > mid level [] downward shifting
2 mid rising [1] > low rising [] downward shifting
3 low fall-rise [A] > low falling [{] rightward sliding of valley
4 high falling [\] > high rising [1] rightward sliding of peak

Table 6.2: Summary of tone changes from Standard Mandarin to Plastic Mandarin.
‘Rightward’ is referenced to the syllable boundary.
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Syllable

Figure 6.1: Schematic illustration of the right sliding of the peak (an H target) of a
pitch contour. The two dotted vertical bars demarcates the prominent syllable with an H
target in question. The black contour within the boundaries of the syllable represents its
tone pattern. The black dots signal the pitch targets.

These tone variation patterns are in fact some of the most common and recurring
patterns of tonal change cross-linguistically, identified in Yang and Xu (2019)’s
review of 52 tone change studies in East and Southeast Asia. For example, that the
mid-rising tone becomes the low-rising tone (Tone 2) is also observed in Dong’gan,
Gaotian Zhuang, Tai Phuan, and Lalo; the contour reduction of the dipping tone,
low fall-rise to low falling tone (Tone 3), is also observed in Taiwan Mandarin,
Ma’ya, Libo, Taipusi. Many unrelated languages have parallel development of
certain types of tone patterns.

Yang and Xu (2019) described the overall crosslinguistic tendencies in tone
change as “clockwiseﬂ7 levelling, and regress to mid patterns”. The variation pattern
of Tone 1 in Table involves a downward shift to mid level, which matches their
description of “regressing to mid”. The variation patterns of Tone 3 and Tone 4 in
Table [6.2 can be generalised as the rightward sliding of low valley and high peak
(or pitch target in both cases), which is a feature of their clockwise pattern. The
variation patterns of contour tones also involve contour reduction, that is, flattened

contour convexity (Tone 3) and decreased f excursion (Tones 2 and 4). That

!This concept is a little opaque. It claims a cyclical tone chain shift. See Yang and Xu (2019)
for details and schematic illustration.
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the Standard—Plastic tonal variation largely matches the crosslinguistic tendencies
strengthens the phonetically based approach to sound change.

Pittayaporn (2018) stated that fy peaks tend to be delayed rather than early,
introducing a bias in sound change. In Mandarin, for instance, the pitch peak of the
rising tone may occur after the syllable boundary in certain environments (Y. Xu &
Wang, 2001). Yang and Xu (2019) further attributed such rightward sliding pitch
movements to the carryover effects in connected speech and the truncation of tone
production. This articulation motivated account may explain the Tone 3 change,
since the duration of Plastic Mandarin Tone 3 is much shorter than Standard
Mandarin Tone 3 (Recall Figure @ in , and the resulting low falling contour
can be regarded as a truncated downward concave shape. However, it does not
seem tenable for the case of Tone 4, since there is no evidence of tone truncation.

Despite that the phonetic bias account characterises the general patterns of
tone change that are more likely to occur, there are language-specific differences.
Furthermore, there is no clear phonetic motivation for the downward shift of

Tone 1 and Tone 2.

6.1.2 Identity marking in prosody

The comparison of the tone patterns of Plastic Mandarin and Changsha leads to
a potentially more promising account of the mechanism of tone change, contact-
induced borrowing, than the phonetic bias account.

Table [6.3 shows the group differences in the aspects of fy patterns between
Plastic Mandarin and Changsha by tone categories, in which the fewer grey cells in
a set of contour attributes, i.e. curvature, slope, and average, the more similar the
tone pairs. Together with the individual tone patterns [3.45 displayed in §3.7.4, a
striking similarity in fy patterns between the Plastic Mandarin Tones 1, 2, and 4
and the corresponding Changsha tones is evident, especially for Tone 4. It suggests
that Plastic Mandarin may have borrowed the tone pattern of the corresponding
Changsha tone, for Tones 1, 2, and 4. The historical tone categories still play a

mediating role in contemporary tonal change. The analysis in the two conditions
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Tone A: f, (PM) # f, (CS) B: f, (PM) = £, (CS)

Curvature Slope = Average | Curvature Slope = Average
Curvature Slope | Average | Curvature Slope Average

1
2
3 Curvature Slope Average | Curvature Slope Average
4

Curvature Slope Average | Curvature Slope = Average

Table 6.3: Summary of comparison of Plastic Mandarin and Changsha tones produced
by the same group of speakers. Two conditions are included: A. speaker mean fs is
variety-dependent for the same speaker; B. speaker mean f, is uniform across varieties
for the same speaker. Aspects of fy contour that are statistically significantly different
between Plastic Mandarin and Changsha are highlighted in grey.

of speaker mean f, in Table @ also reveals that the absolute average of Tone 4
differs between Plastic Mandarin and Changsha, but the relative average height
of Tone 4 in the tonal system of each variety does not differ significantly. This
implies that speakers borrow the tone shape and adjust the height of the ‘borrowed’
tone in creating a new tonal system, instead of direct copying.

Standard Mandarin syllables with Tone 4, the high falling tone, tend to be
judged the most prominent among other tones in both prosodically strong and weak
positions (Deng, |2010). Tone 4 is also the most frequent tone in Standard Mandarin
(Y. Wu et al., |2020). The change of the Tone 4 tone pattern is, therefore, extremely
perceptually salient, and it puts the borrowed Changsha Tone 4 with a distinct high
rising pattern in the spotlight. Furthermore, the high rising tone pattern is a shared
tone feature among various Xiang varieties in Hunan province. The adaptation
of Changsha tone patterns as new canonical tone patterns has allowed Plastic
Mandarin to express a shared local and cultural identity and social solidarity. While
specialised lexicon associated with local food, festivals, activities, and so on is often
the site or marker of cultural identity in a local Mandarin variety, the case of Plastic

Mandarin shows that identity can be marked prosodically through pitch.

6.1.3 Potential sound change mechanism

The contact-induced borrowing account does not explain why Tone 3 in Plastic

Mandarin is very different from that in Changsha. It is likely that other biases or
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Standard Mandarin / 51 / m

Phonetic

| biases in

structured

Pool of structured variation variation
/ |

[55] [53] [45] [41] [341] | _

|

Winning candidate System}c

| biases in

constrained
selection

Plastic Mandarin /45/ _

Figure 6.2: Schematic phonologisation of the high rising contour of Tone 4 in Plastic
Mandarin.

constraints also exert some influence in the process. The aforementioned accounts
may not be mutually exclusive. In addition to the phonetic biases, Pittayaporn (2018)
identified three systemic biases in tonal contour changes: contour maximisation,
contour accentuation, and avoidance of similar tones, which favoured variants of
dynamic tones with a greater and more dramatic f; excursion, and tone variants
dispersed in phonetic space. Such biases were supported by perception experiments.
For example, dynamic pitch excursions improve speech recognition in noise, and
speech with dynamic pitch is consistently better perceived than monotone speech
(J. Shen & Souza, 2018)). The Tone 3 in Changsha [1] lies in the mid-high space of the
pitch range, which would not be optimal in maximising perceptual contrast if adopted
by Plastic Mandarin, given another two mid-range tones, Tone 1 [1] and Tone 2 [],
and a high-range tone 4 [1] in Plastic Mandarin. The low falling Tone 3 [{] in Plastic
Mandarin, instead, magnify the perceptual distance between Tone 3 and other tones.

The phonetic and systemic biases, as well as the contact-induced borrowing
effects, altogether tend to offer a coherent explanation for the synchronic Plastic
Mandarin variation. Figure [6.2|schematises the potential phonologisation of the high

rising Tone 4 contour, following Pittayaporn (2018). A pool of structured variants
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motivated by phonetic biases, by borrowing, or by chance are first generated. The
variants illustrated in Figure [6.2, which are not exhaustive, are chosen based on
common crosslinguistic patterns and phonetic biases such as the effect of syllable
onset and peak delay. Among all these variants, [45] [1] was preferred and won
out as the primary variant, since it resembles the Changsha Tone 4, the ‘signature’
Xiang tone. The bottom part of the figure shows the selectional bias, and [45] is

selected as the new canonical tone value in Plastic Mandarin.

6.2 Cross-varietal Constancy in Neutral Tone:
Stable Transfer of Prosodic Structure

RQ 2: What are the phonetic patterns of neutral tone in Plastic Mandarin? How

do they compare to those of neutral tone in Standard Mandarin?

The present thesis examines speech sequences with neutral tone syllables in both
Mandarin varieties. There is no canonical fy contour for a neutral tone syllable in
both Mandarin varieties. The shape varies greatly when the syllable is surrounded
by different tones, and the preceding lexical tone is a main source of variability. The
preceding tone, however, does not fully account for the fy pattern of a neutral tone.

The cAMM analysis reveals that duration is also a significant predictor in the
shape of a neutral tone in connected speech. Y. Chen and Xu (2006)) predicted
that the underlying target for a neutral tone should become more apparent if
time becomes more abundant, based on the assumption of target approximation.
Our data show that the f, trajectory of a longer neutral tone or neutral tone
sequence tends to have a falling trend towards the end with a lower final fy and the
final fj is highly likely to be lower than the speaker mean. The consistent falling
pattern at the end of fj trajectories irrespective of the preceding tone categories
indicates that the influence of the preceding lexical tone has gradually tapered
off and neutral tone is approaching its own target.

Table [6.4 presents a summary of fy contours in the disyllabic, trisyllabic, and

quadrisyllabic phrases in both Mandarin varieties, and Figure pastes and
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Standard Mandarin Plastic Mandarin
Convergence Description Convergence Description

T1/T2-de contours converge at Most contours converged, T3-de
X-de X a higher pitch,T3/T4-de contours X contours significantly differ from

converge at a lower pitch. T2-de and T4-de contours.

All contours converge at a pitch All contours converge at a pitch
X7 Xo-men v lower than speaker mean, v lower than speaker mean,

with a mean of —1.24 semitones. with a mean of —0.67 semitones.

All contours converge at a pitch All contours converge at a pitch
X1 Xo-men-de v lower than speaker mean, v lower than speaker mean,

with a mean of —2.13 semitones. with a mean of —1.97 semitones.

Table 6.4: Summary of neutral tone fy contours in the disyllabic, trisyllabic, and
quadrisyllabic phrases in Standard Mandarin and Plastic Mandarin. When all types of
fo contours do not statistically significantly differ among each other at the end, it is
considered that there is a convergence.

rearranges some of the figures in Chapter [5| here for easy reference. When there
are two consecutive neutral tone syllables including the duplicate syllable X5 and
men, fo contours in various shapes converge at the very end in both Mandarin
varieties. When an extra neutral tone syllable de is added to such phrases, the
converged fy contours pattern together and continue falling. It suggests that the
carryover effects of the preceding lexical tone syllable X; do not reach further than
two neutral tones in the data and that neutral tone is inclined to approach a low
pitch target in both Mandarin varieties. At the end of three consecutive neutral
tones, the average fy is approximately 2 semitones lower than the speaker mean in
both Mandarin varieties. The average final f; of the three-neutral tone sequences,
though, is not as low as the lowest fy of Tone 3 in Standard Mandarin (see (e) in
Figure . It is approximately 4 semitones lower than speaker mean on average
in the citation tone model. In Plastic Mandarin, the average final f, of neutral
tone sequences can be as low as the average lowest fq of Tone 3 in the [X; Xo-men
de] phrases, although in the citation tone model the average lowest f, of Tone 3 is
approaching 5 semitones below speaker mean. This study suggests that neutral
tone is associated a low pitch target in both Mandarin varieties despite
its pitch contour is variable. In connected speech the actual f, implementation

of a neutral tone often does not reach the bottom of a speaker’s pitch range.
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Figure 6.3: Recap of fy contours in the disyllabic, trisyllabic, and quadrisyllabic phrases

in Standard Mandarin and Plastic Mandarin.

Another piece of evidence of a low pitch target comes from the citation form

of a neutral tone syllable, when participants were asked to read out the individual

neutral tone syllables (recall Chapter . Since neutral tone syllables do not

have a canonical or prescribed citation tone, speakers may produce them in their

most typical or exemplar form resulting from the high frequency of occurrences.

In Plastic Mandarin, the typical citation form of syllables [to], [lo], and [tso]
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demonstrates a descending pitch pattern that consistently falls within a lower
pitch range compared to the speaker mean, reaching approximately 4 semitones
below the speaker mean (see . It is a slightly different case in Standard
Mandarin, where the pitch patterns of syllables [to] and [tgo] descend to around

1 semitone below the speaker mean.

RQ 3: How do full lexical tones and neutral tone interact with the Standard-

Plastic language variation?

Despite the greater surface variability than other lexical tones, neutral tone
displays some constant or pertinacious aspects of prosody in this Standard—Plastic
variation. Unlike the canonical lexical tones that have systematic contour differences,
neutral tone tends to be prosodically conditioned in a similar fashion in the two
Mandarin varieties. The strength of the effects of the preceding lexical tones
is similar in various phrases between Standard Mandarin and Plastic Mandarin.
When the influence of the preceding lexical tones is depleted in a neutral tone
sequence, the fy patterns of the last neutral tone syllable de in both Mandarin
varieties are not statistically significantly different and exhibit a falling pattern
below the speaker mean (see Figure @ in . The gradual falling pattern
suggests that a low pitch target is at the end of the neutral tone sequence. If
we assign a low pitch target for every neutral tone syllable in a sequence, it is
then very likely to have a low level f; pattern for a consecutive neutral tone in
a sequence. This thesis, hence, proposes that there are fewer tonal targets
than syllables in connected speech of Mandarin.

Q. Li and Chen (2019) and K. Huang (2018) also observed a mid-low target for
neutral tone sequences in Tianjin Mandarin and Taiwan Mandarin respectively. The
convergence of the fy patterns of neutral tone in different Mandarin varieties and
the emerging low pitch target can be interpreted in two ways: first, in Mandarin
variation and change, neutral tone is an invariant low tone and somehow remains
unaffected by the systematic tone contour changes observed in other lexical tones;

second, neutral tone is underlyingly toneless (underspecified, hence no corresponding
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tone contour change) but attracts a boundary low tone (Z. Li, 2003)). The latter can
easily explain why neutral tone tends to have a constant pitch target in different
Mandarin varieties when all canonical lexical tones have altered their tone targets
or specifications. The perspective of synchronic variation favours the boundary
tone interpretation and suggests that neutral tone production involves a mechanism
relatively stable in Mandarin variation — the prosodic structure and groupings are
similar between Standard Mandarin and Plastic Mandarin. This is not surprising
when the morphosyntactic structure is consistent across these two Mandarin varieties.
The approximation to a low pitch target in neutral tones may have marked strong
prosodic boundaries, and the prosodic grouping in the phrases containing neutral
tone syllables are the same between the two Mandarin varieties.

Further empirical research, however, is still needed to confirm and explore bound-
ary effects in a wider variety of neutral tones and other lexical tones. Regardless
of the phonological interpretations, the falling pitch pattern of neutral tones is
characterised by pitch-related prosodic preplanning and weak articulatory strength.

On the whole, tonal patterns are the main site of phonetic variation along the
Standard—Plastic dimension. The adaptation of the Changsha high rising Tone
4 in Plastic Mandarin manifests how local identity is represented and marked
prosodically, mainly through pitch. The constancy in the pitch target of neutral
tones between the two Mandarin varieties suggests pertinacious prosodic grouping

and boundary marking in the process of the language change.

6.3 Methodological Discussion

Two major approaches utilised in this thesis to investigate and predict phonetic
variability, especially f; contours, in the cross-varietal speech datasets. The
conversion of monosyllabic contours into three fully interpretable coefficients can
facilitate comparison and classification. For longer contours, GAMM has been a
considerably valuable method in analysing the convergence of f, contours and
determining when the convergence starts. Considering the extremely dynamic

nature of speech, mixed models incorporating multiple sources of variability are
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crucial. In terms of duration analysis, our data often have a right-skewed residual
distribution in the process of modelling, which may result from unknown but
influential factors. Robust method (Koller, [2016) flags the unusual data predicted
by a certain model and enables estimation where the unusual data have only little
influence. While assumptions checking is often not required to be reported in the
linguistic publications, it is, nevertheless, an indispensable step in statistical model
selection and statistical inference interpretation.

The duration analysis points to an interesting phenomenon that the duration
hierarchy of citation tones in Standard Mandarin Tone & > Tone 2 >Tone 1 >
Tone 4 has been consistent since Dreher and Lee (1968). It shows that duration can
be a very stable acoustic attribute over time. For Plastic Mandarin citation tones,
Tones 1, 2, and 4 have similar duration to the Standard Mandarin counterparts,
but Tone 3 is significantly shorter, with the accompanying contour reduction. In
respect of the duration variance of tones, the data show the hierarchy of Standard
Mandarin > Plastic Mandarin > Changsha, which may suggest that Standard
Mandarin is more ‘stressed-timed’ and less ‘syllable-timed’ than Changsha. While
many previous studies (Cao, (1986} e.g.) claimed that the duration of neutral tone
syllables is shorter than the preceding lexical tone syllables, such description does
not seem fully accurate. The duration analysis of neutral tone syllables in this
thesis indicates that syllable structure plays a role in duration, and that only
CV syllables tend to be shorter than the preceding lexical tone syllables when
they bear neutral tone. In other words, unstressed syllables tend to have lost or
restrained the open-syllable lengthening effect.

Many Plastic Mandarin speakers were identified as “trilinguals” in Standard
Mandarin, Plastic Mandarin, and Changsha (Jing & Niu, [2010). An interesting
avenue of future exploration would involve examining how these speakers in
Changsha produce Standard Mandarin and analysing the potential divergences
from the Standard Mandarin spoken by the mainstream northern (mainly Beijing)

speakers in this study, so as to further investigate the origin of Plastic Mandarin
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tones from a language acquisition perspective. Neutral tone in Changsha is another

area worth further investigation.

6.4 Open Science and Reproducibility

In the field of quantitative phonetics, there are two major areas of problems: one
is statistical power and errors; the other is researcher degrees of freedom.

The consequence of low statistical power can be failure to replicate, which means
that the findings of the sample data are not generalisable enough, and the same
results cannot be obtained on new data in an independent replication of the study.
The number of participants in phonetic studies is generally low given the data
collection and annotation is often laborious and time-consuming. Roettger and
Gordon (2017) conducted a systematic review of 110 studies of acoustic correlates
of word stress on 75 languages published between 1955 and 2017, and found that
the majority of studies included 1 to 10 speakers (with the mode being only one
speaker), 1 to 40 lexical items, and 1 to 6 repetitions (with the mode being a single
repetition). J. Kirby and Sonderegger (2018) illustrated how power, magnitude,
and sign errors vary with sample and effect size through a a case study on German
incomplete neutralisation, and suggested that the estimation of small effect sizes was
particularly subject to statistical power related issues. Winter (2015) further showed
that increasing the number of repetitions was not a replacement for including more
unique items since a high number of repetitions of few items only led to increasing
statistical certainty of the estimates of idiosyncratic differences between the items.

Simmons et al. (2011) constructed the term “researcher degrees of freedom” to
refer to methodological and analytical decisions that researchers made in the course
of data collection and analysis. For phonetics, the researcher degrees of freedom is
high due to the inherent multidimensionality of speech behaviour involving complex
interaction between various functional layers (Roettger, 2019). Speech production
research, for example, involves decisions of choosing and operationalising phonetic
parameters, discarding (correcting) data, selecting independent variables, adjusting

model parameters, and so on. The wide variety of choices without enough detailed
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information on the analysis procedure can result in low reproducibility, that is,
the same results cannot even be obtained by re-running the original analysis on
the original data. Roettger (2019) warned that exploitation of researcher degrees
of freedom introduced strong bias and posed serious challenge to phonetics as an
empirical science. In addition, even many published articles failed to outline any
procedure for model selection and checks, raising concerns about the robustness
and validity of their models.

This research project has been carried out with fundamental concepts and
principles of open science in mind. It aims to provide open, honest, and transparent
practices in communicating data analytical decisions and findings. The data (subject
to ethical restrictions), analysis scripts, and information about the computational
environment can be found in the openly accessible research repository hosted
on the Open Science Framework (https://osf.io/uthzt/). More specifically, the
workflow consisted of four main parts. First, the data have been packaged and
documented under the guidance of Berez-Kroeker, Gawne, et al. (2018) and Berez-
Kroeker, Andreassen, et al. (2018]). The preservation and sharing of my curated
speech data or corpora facilitate the accumulation of knowledge and encourage
future work so as to extend their value. Second, the pre-possessing procedure of
the speech data was demonstrated step-by-step in an online tutorial (available
at https://chenzixu.rbind.io/resources/1forcedalignment/), with modified P2FA
forced alignment scripts publicly accessible at a Github repository (https://github.
com/chenchenzi/P2FA_Mandarin_py3). Third, the manual corrections of acoustic
measurements and some auditory observations of speech tokens were logged in a
spreadsheet. Fourth, within the literate programming framework and the aid of R
Markdown (Allaire et al., 2022), code snippets and documentation of each research
topic were interwoven and integrated in a single source file, where summaries of
statistical models, diagnostic tests, and figures were automated and derived. These
practices ensure the reproducibility and accountability of my work, and facilitate

the validation of data analyses by other researchers. Appendix provides a


https://osf.io/ufhzt/
https://chenzixu.rbind.io/resources/1forcedalignment/
https://github.com/chenchenzi/P2FA_Mandarin_py3
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comprehensive list of the software and packages used in this thesis, with each
of them credited and acknowledged.

With regard to statistical power, I have made the best attempt possible in this
project, considering the financial and time limits and the COVID pandemic, to
increase the sample size, in terms of the number of speakers and the number of
observations from a speaker, as well as the number of different lexical items and
the number of repetitions. By combining corpus data and fieldwork elicitation
data from a total of 35 speakers, this project has analysed thousands of speech

tokens in different conditions.
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A.1 Recruitment Package Cover

The following pages attached the recruitment poster in Standard Written Chinese
(A.1.1) and its English version (A.1.2). The Chinese version was used as the cover

of the recruitment package for Plastic Mandarin speakers.
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A.1.1 Recruitment Poster (Chinese)

R REEE T T MBS b FACULTY OF
149 Walton St, Oxford, OX1 2HG, UK LINGUISTICS,
PHILOLOGY

AND

UNIVERSITY OF
PHONETICS OXFORD

wRT

chenzi.xu@ling-phil.ox.ac.uk

W B AT
AFER AR R T2 B 2 S 5+ R67136/RE001

T RE N A e 2 P G S T

B —FE S HA B AL I RS IS (RIAR S M —FhRAE R T 11
BUE MR f , S H R BRI  AR AE  LIRRE AT i5 TER AR T i 2 i) —
LB E R TERAED S, FRADH R — LB Y “ BRI YR IR SR . XTI A
B FRATHE S MR B, INERFRA D1 5 R 5 28 P B A o

DR AT, T B REAY . IRE 16 AR 16 UL, KIIAEFEAERY, SUFT8E
KIS LS XA T AR G B R 0 15 A 2 VR ] 22T 2 ik s
JEE, VREPEEIES I 30 23 BhE] 45 PRI RS E SN, ER TR 2T (A
BAITEED. g s, RTEEHEERIWIE, I efss.

MRBEAXBHFBTHRELZHAEN, HERRABRRE T (REBBEE chenzixu@ling-
phil.ox.acuk) , B EEYEFAEAR A RN EEE

ENA ARG VR AR — TR S S IE T o R R !
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A.1.2 Recruitment Poster (English)

Faculty of Linguistics, Philology and Phonetics FACULTY OF

149 Walton St, Oxford, OX1 2HG, UK LINGUISTICS,
PHILOLOGY

AND

UNIVERSITY OF
PHONETICS OXFORD

Chenzi Xu
chenzi.xu@ling-phil.ox.ac.uk

Characterising Mandarin Accents

Central University Research Ethics Committee (CUREC) Approval Reference: R67136/RE001

VOLUNTEERS NEEDED FOR THE STUDY ON
MANDARIN ACCENTS

Each spoken language has its own sound patterns and properties. This project is
interested in acoustic properties of different Mandarin varieties. One of them is
“Plastic Mandarin” in Changsha, Hunan Province. In Nanya Middle School we will
collect some authentic speech data from high school students. This project will
help us understand what characterises Plastic Mandarin and how new varieties
of speech emerge.

We are looking for healthy volunteers, aged 16 or over to attend a verbal game
session with audio recording. You need to be a long-term Changsha resident who
speaks “Plastic Mandarin” and Changsha, and preferably Standard Mandarin too.
You would be invited to attend one recording session at Nanya Middle School.
The session would take about 30-45 minutes of your time. You would be asked
to speak in Plastic Mandarin and Changsha during the session and be audio
recorded.

If you are interested and would like more information, please contact Chenzi Xu
at chenzi.xu@ling-phil.ox.ac.uk or sign up with your head teacher. There is no
obligation to take part.

You will be compensated for your time by a certificate of participation. Thank you!

Poster Advert_Version 1.0 December 2019
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A.2 Participant Information Sheet

The following pages provide the participant information sheets used in this study.
Participant Information Sheet in Standard Written Chinese was prepared
for the high-school Plastic Mandarin speakers, and is its English translation.
Participant Information Sheet in English was prepared for the Standard

Mandarin speakers in Oxford.



A.2.1 Participant Information Sheet (Chinese, PM Group)
HERFE S T SAEE Fb S
LINGUISTICS,
PHILOLOGY

AND

UNIVERSITY OF
PHONETICS OXFORD

Pl Name: Professor John Coleman

Primary Researcher: Chenzi Xu [DPhil Student]

Phonetics Laboratory, 41 Wellington Square, Oxford OX1 2JF
+44 (0)1865 270444

chenzi.xu@ling-phil.ox.ac.uk

I R 2
BB
R BRI R AU 52 R67136/RE00!

L A MOX R ?

PG S HA R Ao R SRR TV — PR T 1 . BAAE AR B
JEHSRE L ERHATE AR SIS o IXIRFIE B TER AR I R B — 2B S etk TERTHEP 22, B
ATPKE RS — LB A W VA S B . X TOR A B T RATE L AR " IR AT NHE S
Feflh 5 AR T A RE AR
KIRETE R R 0T SOE oA Bt e e

2 M ABBOEIE S X TS
BB O EGRE] 16 e 16 S UL, TWHRAT, KIMARIERY . S e @ s ki
CEREVFA RS @I HEF) o FAABIER YT HIHEP 220554 16 2 20 RAFREEH .

3. RSN

ko TERSPEZHT, HAEMEE. WM R NRERESM, LIRAHEEREL .
TEFARBMEM R, A ARG B, TSR .

4 WRWS XL, BEMLeAT 42

WERBURES XA, B — DRI R 22— METE AT, KL 30 2] 45 5
B EBPR TR R A0 — 19 B 35 AR R () 2 B B 2 i AR A T o

EHEATAHT . SR THE T RAERFR NG REPORE . LR E T, S
TR GG SR . R AR &b, EENRRT . Reptar LE#Z ) IFE
LREHATRYG . EEMRRT, RURSEEA . &0 DR 25 8B E 63 BAVRE

Participant Information Sheet 1.0 December 2019 Page 10of3
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MBS FORDS E A E IR . AR RRER . MREVFES LRI, &
HE GREFEFREY o MERERCRAE, TR E.

- BT AR

SIMX TR RATAEIEER . AN BRSP4 HE

- BIMX B A R

SN A B4R -

- e EAR I

T SAMEM S POl E . BORR— kT2 S .

- BTk BRI AR R R 2

TES 5L R PRI R G 5 BB AR . AT T IR S B i B SRR AR I A AR
FORH BRI N -

AR SRR N/ OB (BARRES) KRR RS i 7 e PR B S
WHREE L o SRR B0 RDH & R A MR ERT I R RAN K e S804 RF A R 33 S0
WFIT 53 e FL S I Ks BEAR UL L5 4  FTA BF FR LR AL SRR TR SR R TAR A JF KA G &=
REE 3 AR AHERAETTETT A AT RERBOR UL Fo i . DA ME 5 R TR 7«

A BEREARTFRAMEN T R E D BT IR, LUEA M7 N IR A B AR i Ab
(RN 4) o B B IRRE W R HA R ISR B & SR R B I OSaERL . DUEAR SR
FoA BERE R B RAMEARR DI E BRI AXLEE . IR R s (bl b
BARER T o BT EURAHREAS NG B 2 ARSI I = HABRT T B BOR A T R R B
B

- XTI R AP

A BIEPARSWERA T P LRI FORR . R R A ARG E ZEN . &
ERESM, GTEEY TR RSB ARSI, SWRA, SR KR . R HI
PIEMEFT AL . THARHREALE, F2BIUEMTRERESMENEE. g gdmm
WRIEIESCR R BB T TAEATF LA el E 2R B 3 4F

FERFHNT IS ER T, FIRES T —MERF MR E . MRS T
IR AR A IR IS SR B XA MELR R LB S St T A 5 2R IGE
SCASCI G BB U T IR S B R o %8S T REFEIT ORI BRI LA . fER
RERAAILTES, FREFANSEER 6.

Participant Information Sheet 1.0 December 2019 Page 2 of 3
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10.

11.

12.

RBF RTINS, RN JE e R AR AR S BRI R P _E R S e rp . DUET
FUEMEM . k. XRIRSORREL TR

WEHTRZ T IX ISR
R Ca@d R R TR R AW, 4504 R67136/RE001,
WA BA B E SE BRRIR R R

IR EXT B 5T E A AERBEN, IR RIRRT (chenzixu@ling-phil.ox.ac.uk) 53 i 5
John Coleman ##%(john.coleman@phon.ox.ac.uk) , FA 14 R MBI . HF7 GLEH 276 10 A1
18 H N BIA R SEIR I MG A PR Iy AL o A SR ATl R s B T IR A AR R, TEIR R AP
HRFEASB G NCERPI AR TR RSN, MR R R SS5 (RUEE: ethics@socsci.ox.ac.uk;
Hidik: Research Services, University of Oxford, Wellington Square, Oxford OX1 2JD )

/S ViE:™

=N

AP AP (B B R A M) | iHKR:

T
FHRAEF S LTFENET 25
Bl : 149 Walton St, Oxford, OX1 2HG, UK
HLjT: +44 (0)1865 270444

HLHE: chenzixu@ling-phil.ox.ac.uk
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A.2.2 Participant Information Sheet (English, PM Group)

Faculty of Linguistics, Philology and Phonetics

FACULTY OF
LINGUISTICS,
PHILOLOGY

AND

PHONETICS OXEORD

Professor John Coleman

Phonetics Laboratory, 41 Wellington Square, Oxford OX1 2JF
Chenzi Xu [DPhil student]

Oxford phone number: +44 (0)1865 270444

Oxford e-mail: chenzi.xu@ling-phil.ox.ac.uk

Characterising Mandarin Accents

PARTICIPANT INFORMATION SHEET
Central University Research Ethics Committee (CUREC) Approval Reference: R67136/RE001

1. Why is this research being conducted?

Each spoken language has its own sound patterns and properties. This project is interested in the acoustic
properties of different Mandarin accents. One of them is “Plastic Mandarin”, that is, the accent of young
people’s Mandarin in Changsha, Hunan Province. This project will help us understand what happens when
languages are in contact with each other and how new varieties of speech emerge.

This study is funded by Faculty of Linguistics, Philology and Phonetics, University of Oxford.
2. Why have | been invited to take part?

You have been invited because you are a young person aged 16 years old or above, a long-term Changsha
resident, able to speak Plastic Mandarin and Changsha, and preferably, Standard Mandarin too, and
attending Changsha Nanya Middle School.

3. Do I have to take part?

No. You can ask questions about the study before deciding whether or not to participate. If you do agree to
participate, you may withdraw yourself and your data from the study at any time, without giving a reason
and without penalty, by advising me of this decision.

4. What will happen to me if | take part in the research?

If you are happy to take part in the study, you will be asked to attend a semi-structured pair recording session
together with one of your friends or classmates in a music room in Nanya Middle School. The session consists
of a few verbal games. Before the session, some personal information such as age and language background
will be collected. When you arrive, | will talk you through the procedure and give you the chance to ask any
questions. You will wear a microphone with your speech being recorded during the interview, with your
consent. A photo may be taken with your consent.

Participant Information Sheet 1.0 December 2019 Page 1 0f 3
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The recording session should take approximately 30-45 minutes. You can also ask to pause or stop the
interview at any time. Your speech data will be kept confidential, and they may be used in further study on
speech. If you are still happy to take part, | will ask you to sign a consent form. There may be a follow-up
session if the recordings are not in good conditions.

Are there any potential risks in taking part?

There is no anticipated risk associated with participation in this research. To reduce any potential risks, your
personal data will be pseudonymised as appropriate.

Are there any benefits in taking part?
There will be no direct benefit to you from taking part in this research.
Expenses and payments

You will receive a certificate for participation.

What happens to the data provided?

The information you provide during the study is the research data. Any research data from which you can
be identified such as name, age, and audio recordings is known as personal data.

The research data and personal / sensitive data (including consent forms) will be transferred and stored
confidentially in the internal drive in the Phonetics Lab, University of Oxford. Hard copies will be stored in
the primary researcher’s private premises. The recordings will be transcribed by the primary researcher. The
researcher and supervisors will have access to research data. All research data and records will be stored for
a minimum retention period of 3 years after publication or public release of the work of the research.
Responsible members of the University of Oxford may be given access to data for monitoring and/or audit of
the research.

| would like your permission to use direct quotes anonymously or for your name to be attributed to these if
you wish in any research outputs. | would like your permission to archive the audio recordings as a speech
corpus and retain them for future research. | would like your permission to use anonymised data in future
studies, and to share data with other researchers (e.g. in online databases). All personal information that
could identify you will be removed or changed before information is shared with other researchers or results
are made public.

Will the research be published?

The research may be published in conference presentations and scientific journals, but this may be two to
three years after the end of the study. If you consent to this, direct quotes from the interviews may be
included in the thesis or in presentations and publications, in order to illustrate linguistic points. Proper
names will be anonymised and no information will be included that might allow participants to be identified.

The University of Oxford is committed to the dissemination of its research for the benefit of society and the
economy and, in support of this commitment, has established an online archive of research materials. This

archive includes digital copies of student theses successfully submitted as part of a University of Oxford

Participant Information Sheet 1.0 December 2019 Page 2 of 3
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10.

11.

12.

13.

postgraduate degree programme. Holding the archive online gives easy access for researchers to the full text
of freely available theses, thereby increasing the likely impact and use of that research.

If you agree to participate in this study, the research will be written up as a thesis. On successful submission
of the thesis, it will be deposited both in print and online in the University archives to facilitate its use in
future research. If so, the thesis will be openly accessible.

Who has reviewed this study?

This study has been reviewed by, and received ethics clearance through, the University of Oxford Central
University Research Ethics Committee (reference number: R67136/RE001).

Who do | contact if | have a concern about the study or | wish to complain?

If you have a concern about any aspect of this study, please speak to Chenzi Xu (chenzi.xu@ling-phil.ox.ac.uk)
or her supervisor Prof. John Coleman (john.coleman@phon.ox.ac.uk), and we will do our best to answer your
query. | should acknowledge your concern within 10 working days and give you an indication of how it will
be dealt with. If you remain unhappy or wish to make a formal complaint, please contact the relevant chair
of the Research Ethics Committee at the University of Oxford who will seek to resolve the matter in a
reasonably expeditious manner:

Chair, Social Sciences & Humanities Inter-Divisional Research Ethics Committee; Address: Research
Services, University of Oxford, Wellington Square, Oxford OX1 2JD; Email: ethics@socsci.ox.ac.uk.

Data Protection

The University of Oxford is the data controller with respect to your personal data, and as such will determine
how your personal data is used in the study. The University will process your personal data for the purpose
of the research outlined above. Research is a task that is performed in the public interest.

Further information about your rights with respect to your personal data is available from
https://compliance.web.ox.ac.uk/individual-rights.

Further Information and Contact Details

If you would like to discuss the research with someone beforehand (or if you have questions afterwards),
please contact:

Chenzi Xu

Faculty of Linguistics, Philology and Phonetics
149 Walton St, Oxford, OX1 2HG, UK

Tel: +44 (0)1865 270444

Email: chenzi.xu@ling-phil.ox.ac.uk

Participant Information Sheet 1.0 December 2019 Page30of3
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A.2.3 Participant Information Sheet (English, SM Group)

Faculty of Linguistics, Philology and Phonetics

FACULTY OF

LINGUISTICS,
PHILOLOGY

AND

PHONETICS OXEORD

Professor John Coleman

Phonetics Laboratory, 41 Wellington Square, Oxford OX1 2JF
Chenzi Xu [DPhil student]

Oxford phone number: +44 (0)1865 270444

Oxford e-mail: chenzi.xu@ling-phil.ox.ac.uk

Characterising Mandarin Accents

PARTICIPANT INFORMATION SHEET
Central University Research Ethics Committee (CUREC) Approval Reference: R67136/RE001

1. Why is this research being conducted?

Each spoken language has its own sound patterns and properties. This project is interested in the acoustic
properties of different Mandarin accents. This project will help us understand what happens when languages
are in contact with each other and how new varieties of speech emerge.

This study is funded by Faculty of Linguistics, Philology and Phonetics, University of Oxford.
2. Why have | been invited to take part?

You have been invited because you are aged 16 years old or above, a Mandarin-speaking native who do not
speak other Chinese varieties (e.g. Cantonese, Xiang Chinese, etc.). Preferably, you were born and bred in
Beijing.

3. Do I have to take part?

No. You can ask questions about the study before deciding whether or not to participate. If you do agree to
participate, you may withdraw yourself and your data from the study at any time, without giving a reason
and without penalty, by advising me of this decision.

4. What will happen to me if | take part in the research?

If you are happy to take part in the study, you will be asked to attend a semi-structured pair recording session
together with one of your friends in the Recording Studio in the Phonetics Laboratory, University of Oxford.
The interview consists of a few verbal games. Before the session, some personal information such as age and
language background will be collected. When you arrive, | will talk you through the procedure and give you
the chance to ask any questions. You will wear a microphone with your speech being recorded during the
interview, with your consent. A photo may be taken with your consent.

Participant Information Sheet 1.0 May 2021 Page 1 0f 3
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The recording session should take approximately 30-45 minutes. You can also ask to pause or stop the
interview at any time. Your speech data will be kept confidential, and they may be used in further study on
speech. If you are still happy to take part, | will ask you to sign a consent form. There may be a follow-up
session if the recordings are not in good conditions.

Are there any potential risks in taking part?

There is no anticipated risk associated with participation in this research. To reduce any potential risks, your
personal data will be pseudonymised as appropriate.

Are there any benefits in taking part?
There will be no direct benefit to you from taking part in this research.
Expenses and payments

You will receive £5.

What happens to the data provided?

The information you provide during the study is the research data. Any research data from which you can
be identified such as name, age, and audio recordings is known as personal data.

The research data and personal / sensitive data (including consent forms) will be transferred and stored
confidentially in the internal drive in the Phonetics Lab, University of Oxford. Hard copies will be stored in
the primary researcher’s private premises. The recordings will be transcribed by the primary researcher. The
researcher and supervisors will have access to research data. All research data and records will be stored for
a minimum retention period of 3 years after publication or public release of the work of the research.
Responsible members of the University of Oxford may be given access to data for monitoring and/or audit of
the research.

I would like your permission to use direct quotes anonymously or for your name to be attributed to these if
you wish in any research outputs. | would like your permission to archive the audio recordings as a speech
corpus and retain them for future research. | would like your permission to use anonymised data in future
studies, and to share data with other researchers (e.g. in online databases). All personal information that
could identify you will be removed or changed before information is shared with other researchers or results
are made public.

Will the research be published?

The research may be published in conference presentations and scientific journals, but this may be two to
three years after the end of the study. If you consent to this, direct quotes from the interviews may be
included in the thesis or in presentations and publications, in order to illustrate linguistic points. Proper
names will be anonymised and no information will be included that might allow participants to be identified.

The University of Oxford is committed to the dissemination of its research for the benefit of society and the
economy and, in support of this commitment, has established an online archive of research materials. This
archive includes digital copies of student theses successfully submitted as part of a University of Oxford
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28



10.

11.

12.

13.

postgraduate degree programme. Holding the archive online gives easy access for researchers to the full text
of freely available theses, thereby increasing the likely impact and use of that research.

If you agree to participate in this study, the research will be written up as a thesis. On successful submission
of the thesis, it will be deposited both in print and online in the University archives to facilitate its use in
future research. If so, the thesis will be openly accessible.

Who has reviewed this study?

This study has been reviewed by, and received ethics clearance through, the University of Oxford Central
University Research Ethics Committee (reference number: R67136/RE001).

Who do | contact if | have a concern about the study or | wish to complain?

If you have a concern about any aspect of this study, please speak to Chenzi Xu (chenzi.xu@ling-phil.ox.ac.uk)
or her supervisor Prof. John Coleman (john.coleman@phon.ox.ac.uk), and we will do our best to answer your
query. | should acknowledge your concern within 10 working days and give you an indication of how it will
be dealt with. If you remain unhappy or wish to make a formal complaint, please contact the relevant chair
of the Research Ethics Committee at the University of Oxford who will seek to resolve the matter in a
reasonably expeditious manner:

Chair, Social Sciences & Humanities Inter-Divisional Research Ethics Committee; Address: Research
Services, University of Oxford, Wellington Square, Oxford OX1 2JD; Email: ethics@socsci.ox.ac.uk.

Data Protection

The University of Oxford is the data controller with respect to your personal data, and as such will determine
how your personal data is used in the study. The University will process your personal data for the purpose
of the research outlined above. Research is a task that is performed in the public interest.

Further information about your rights with respect to your personal data is available from
https://compliance.web.ox.ac.uk/individual-rights.

Further Information and Contact Details

If you would like to discuss the research with someone beforehand (or if you have questions afterwards),
please contact:

Chenzi Xu

Faculty of Linguistics, Philology and Phonetics
149 Walton St, Oxford, OX1 2HG, UK

Tel: +44 (0)1865 270444

Email: chenzi.xu@ling-phil.ox.ac.uk

Participant Information Sheet 1.0 May 2021 Page 3 of 3
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A.3 Information Sheet for Parents / Guardians

The following pages display the participant information sheet for parents or guardians,
since most of the Plastic Mandarin participants were below 18 years old. All of
the participants were above 16 years old, hence informed consents from parents
or guardians were not required. The Chinese version was used in the field
trip and the English version is provided here for reference.



A.3.1 Information Sheet for Parents / Guardians (Chinese)

KRR T T MOEF A FACULTY OF
LINGUISTICS,
PHILOLOGY

AND

PHONETICS OXEORD

Professor John Coleman

Phonetics Laboratory, 41 Wellington Square, Oxford OX1 2JF
Chenzi Xu [DPhil student]

+44 (0)1865 270444

chenzi.xu@ling-phil.ox.ac.uk

RN R N T

KK/ BN
AHER AP U T & R Atk iGN 5 R67136/RE001

R

AT ARG B AR . BRI T o SORE AR, HBAER DT
B 2SR SR T R R R TR . RAEREEIE RN BT S S RTT, AR AREN
WAL T 308 o RIS BE T30, TSROl

WEE HAR

B FE S A HAREZ Ao W1 SRR I — PR T 1 . BUTE AR &
TCHEZA R TE AR ST o X TUFIE IS TER R R "I — LB H 5. TEmiEh 22, &
VKRS — LM A W VA S B . XIRFTOR AT B T RA T L AR " IR FATR A S
Feflh 55 AR T A BR R o

RIS R AR AT LR T 2ot R &

HRTRELSHFEN, HRERNEE chenzixu@ling-phil.oxacuk , BCR LB AIRBR T

At 2B ST BB S S

BT IR A 8 8% 16 e 16 Y UL L, KUAERIER YD, AR UF DR @R A K
Ui (RIS YR EEEer) - T S 5050, WA 1A BAER YR 2230354 16 £ 20 4
FEREREE .
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KT RIS NG ?
TReo HERMZTHEMEE, YLD RN . WRENETRESM, b/ dRa R,
TEFARPUEM R . WA ARG B, AT RS A5

WREETSM, M/ R 42

TEH 2 BB Rt/ A ) 2 — R S I — BTG SR T, KRR 30 2 45 pph. EEKATE
YD i R 2 0 1 B R AR B R AR B AT o TR BNIES T IAHT . — LR TE T SRR
SN NGEERPCRE. EP, TEREZTFIRREE, i/ fok ol B w XE ARk T
EH. EENZTHRET, BOTRHEERA ICREFLRELRE. IRENET R Z2E
IR . ARG I 2AARBT S

SN AR AL AT 42
Z NI SEAAT FEVE T A1) 2 XU o

YA AL BRI SE T AR B e
TES SRR P R S PR BL 5 R B FO U - AR T DLR G B B BB SO 0 B A 1k
v AR FRF AR AL

FRARF SRR N/ USSR (BFRES) BRI e R R A S R =
PEREE L R o AR BURCS H BTRDHS 2 2 MR AT FEDE ST RO ARA N IX 3. S35 K pE 9 R ok ST
WHIT 53 B HL S I He REAR UL L5 4  FTA BF FR LR AL SRR TR SR R LAR A JT KA G 2
REE 3 AR AHERAETHETT A AT RERBOR UL Fo i . DA ME R ITR 7

oA BIGI 2T RE AR VFBRATERF F2 & b ELHES | M/ Mo BT s By LB A% 9 77 S R A/ b 7 22
FABRIT AL (BPRREIREA) o BoAi B AR 2T RE R R FR AT T T e 48 0 75 55 S0 O B g e /2
VUEARSRBIBIF o Bttt v BRI 2% T RE W R FRA TEEARSR BT T H o B 42 6 A S8 di . JF B3t
WHEAMHIRE (PN BB RN T o BrA T BURB ST A NG B SRR =
HBF L BH R AT R B BREE M

XBFGRER R A?
FM A BAE AR S WERHA T b R R FICR . AW R RAET A R R R =N
BIET RBESM, SRR T EE T RS E RS IS, SRR, SR E T,
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RRBFIREARFEF AR . EALHRESEALE, Ao HIULMTTRERESNERNFR. A
W FBARAC FRAEIE SR R A TAEATF LA o g D R 3 48

FERRLHNT AR SEF NI, FILEL T — M ELR TR R XMRREDEET
SRR AC AR A IR IS SO IR SRR — MRS S R TEE 4R T R B 77 SRR E
AR S B, DUE TN IRAR SRR A o a8 SO W RETETFBOR BRI LR R ER
REAHACESD ., BREAZSHN S0

WU IR SE?
RET 5 P E R EE H AERRRAER R 5T iR EE S . T EIRE b

RAEE ). BRI CEE A SRR R B I, 45k R67136/RE001,

WRA B 2,902

R BRI A AR TSR . 3 RBF R T (chenzixu@ling-phil.ox.ac.uk) {4 A 5
John Coleman ##%(john.coleman@phon.ox.ac.uk) , F 12 R N EEEH . B REFSTE 104 T
18 H B A R SEIS I WS B I Iy AL o A0 SRR B A R s B T A A I, TR AP
BAXFHSBEEAXLERARABRTFZERSH IR, M R0 M@ o H S (8-
ethics@socsci.ox.ac.uk; #ihil: Research Services, University of Oxford, Wellington Square, Oxford OX1

2JD) .

T gZt 47
BB TR S EICE SR BT AR, TR MM E B L IRHER AT 50
Mo FHEB TR TR ELS PR (& ZEAEMARRA ) | EKR:

wRT

FHRRFEETF LFFMEE ¥R
Hihk: 149 Walton St, Oxford, OX1 2HG, UK
B3 +44 (0)1865 270444

HLHE: chenzixu@ling-phil.ox.ac.uk
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A.3.2 Information Sheet for Parents / Guardians (English)

Faculty of Linguistics, Philology and Phonetics

FACULTY OF
LINGUISTICS,
PHILOLOGY

AND
PHONETICS

UNIVERSITY OF

OXFORD

Pl Name: Professor John Coleman

Primary Researcher: Chenzi Xu [DPhil Student]
+44 (0)1865 270444
chenzi.xu@ling-phil.ox.ac.uk

Characterising Mandarin Accents

INFORMATION SHEET FOR PARENTS / GUARDIANS
Central University Research Ethics Committee (CUREC) Approval Reference: R67136/RE001

In partnership with researchers at the University of Oxford, Changsha Nanya Middle School has agreed to
take part in a study investigating the characteristics of ‘Plastic Mandarin’. We would like to invite your child
to be part of this study. We very much hope you would like your child to take part. If your child decides to
take part in this study, it is important that you understand why the study is being done and what it will
involve.

What are we trying to find out?

Each spoken language has its own sound patterns and properties. This project is interested in the acoustic
properties of different Mandarin accents. One of them is “Plastic Mandarin”, that is, the accent of young
people’s Mandarin in Changsha, Hunan Province. In Nanya Middle School we will collect audio recordings of
authentic speech data of Plastic Mandarin from high school students. This project will help us understand
what happens when languages are in contact with each other and how new varieties of speech emerge.

More information about the project can be obtained by contacting the DPhil student researcher Chenzi Xu
at chenzi.xu@ling-phil.ox.ac.uk.

Why has my child been invited to take part?

We are inviting your child to take part because they are a young person aged 16 years old or above, a long-
term Changsha resident, able to speak Plastic Mandarin and Changsha, and attending Changsha Nanya
Middle School. We are inviting approximately 16-20 young people to take part.

Does my child have to take part?

No. Your child can ask questions about the study before deciding whether or not to participate. Your child
may withdraw their data from the study at any time, without giving a reason and without penalty, by advising
the researchers of this decision.

What will happen if my child takes part?
Your child will be invited to a semi-structured pair recording session together with a friend or a classmate,
which will last for around 30-45 minutes. Before the interview, some personal information such as age and

language background will be collected. He or she will wear a microphone with their speech being recorded
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during the session, which will be held in a music room in the Arts Centre in Nanya Middle School. There may
be a follow-up session if the recordings are not in good conditions. Their speech data will be kept confidential,
and they may be used in further study on speech.

What are the advantages / disadvantages of taking part?
There is no anticipated benefit or risk associated with participation in this research.

What happens to the data provided?
The information you provide during the study is the research data. Any research data from which you can
be identified such as name, age, and audio recordings is known as personal data.

The research data and personal / sensitive data (including consent forms) will be transferred and stored
confidentially in the internal drive in the Phonetics Lab, University of Oxford. Hard copies will be stored in
the primary researcher’s private premises. All research data and records will be stored for a minimum
retention period of 3 years after publication or public release of the work of the research. Any data transfer
will be done securely and with a similar level of data protection as required under UK law.

The researcher and supervisor will have access to the research data. Responsible members of the University
of Oxford may be given access to data for monitoring and/or audit of the research.

With your child’s permission, we may archive the audio recordings as a speech corpus and retain them
indefinitely. We may use the audio recordings and transcriptions in future studies, and share data with other
researchers (e.g. in online databases) with your child’s consent. Given your child’s consent, we may use
direct quotes anonymously or for their name to be attributed to these if they wish in any research outputs.
All personal information that could identify your child will be removed or changed before information is
shared with other researchers or results are made public.

Regular summaries of our findings will be given to the school and will be available to interested families.

Will the research be published?
The research may be published in conference presentations and scientific journals, but this may be two to
three years after the end of the study.

The University of Oxford is committed to the dissemination of its research for the benefit of society and the
economy and, in support of this commitment, has established an online archive of research materials. This
archive includes digital copies of student theses successfully submitted as part of a University of Oxford
postgraduate degree programme. Holding the archive online gives easy access for researchers to the full text
of freely available theses, thereby increasing the likely impact and use of that research.

The research will be written up as a thesis. On successful submission of the thesis, it will be deposited both
in print and online in the University archives to facilitate its use in future research. If so, the thesis will be
openly accessible.

Who is conducting this research?

The research project is organized by Chenzi Xu of Oxford University, who is a DPhil Student. The research is
funded by the Faculty of Linguistics, Philology and Phonetics. This study has been reviewed by and received
ethics clearance through the University of Oxford’s Central University Research Ethics Committee
[R67136/RE001].
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What if there is a problem?

If you have a concern about any aspect of this study, please speak to Chenzi Xu (chenzi.xu@ling-phil.ox.ac.uk)
or her supervisor Prof. John Coleman (john.coleman@phon.ox.ac.uk), and we will do our best to answer your
query. | should acknowledge your concern within 10 working days and give you an indication of how it will
be dealt with. If you remain unhappy or wish to make a formal complaint, please contact the relevant chair
of the Research Ethics Committee at the University of Oxford who will seek to resolve the matter in a
reasonably expeditious manner:

Chair, Social Sciences & Humanities Inter-Divisional Research Ethics Committee; Address: Research
Services, University of Oxford, Wellington Square, Oxford OX1 2JD; Email: ethics@socsci.ox.ac.uk

What should I do next?
If you would like to discuss the research with someone beforehand (or if you have questions afterwards),
please contact:

Chenzi Xu

Faculty of Linguistics, Philology and Phonetics
149 Walton St, Oxford, OX1 2HG, UK

Tel: +44 (0)1865 270444

Email: chenzi.xu@ling-phil.ox.ac.uk
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A. Recruitment Documents 298

A.4 Participant Consent Form

The following pages display the participant consent form in Standard Written
Chinese (A.4.1) and in English (A.4.2). These were provided to the participants

when they arrived at the recording premises.



Faculty of Linguistics, Philology and Phonetics FACULTY OF

University of Oxford LINGUISTICS,
PHILOLOGY S
A.4.1 Participant Consent Form (Chinese AND UNIVERSITY OF

PHONETICS OXFORD

PI Name: Professor John Coleman

Primary Researcher: Chenzi Xu [DPhil Student]
+44 (0)1865 270444
chenzi.xu@ling-phil.ox.ac.uk

JU\%% I_Ju_n:E

AR AW IR TR B St #ESR 'S R67136/RE001
W B AT

WHIT H B RIS TER R W ) — LR E .
T HEPI 3L
JERTHELC
1 TN R EIF R GRIEESD . HAVLS M R mt s a s
=1
2 FWHZE5RAEEYE, RAKEENRL . BRFRIMEMRER, WA
AR
3 BT RIRERB R (M5 RFE) WRESP B A IR EN G
BF (IR S o FAVFX IR FRPUX L3 .
4 TR C &l T AR A SR TR RS W SOE L
5 TR RAEAN NG RBIEE  ORAFTT 1 LU fR B IR
6 TR OB S eSO R
7 FRHE AN H S R R B o
8 FFEBHRE
9 T TR E A K 2> ] FH B TR
Written Consent Form_Chinese Version 1.0 December 2019 1
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10a FRBEM T L LD T RATEGRERN A7), H

10b R BIEP T L R A T A .

11 S BRI 5T R G R o

12 FAEMAZ T 50 AT SR BRI B A RRAL X e ] B S 7E X AP FL I
H LR AR A3 H A o

R AR, RIF BT,

ANERE: 3R ) R IR T T R SR A I S S SEREAE  T T HARAR S
o FHAEEMGOR B YT SN S B 2 AL, BB .

RS SRR R B NG R AE N R R ER R, LUE B R AR SRR T
Fo

HIEH A H 9 %4

Chenzi Xu 12+

WHH H 9 24

Written Consent Form_Chinese Version 1.0 December 2019
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Faculty of Linguistics, Philology and Phonetics FACULTY OF

A.4.2 Participant Consent Form (Engli

LINGUISTICS,
PHILOLOGY
AND
PHONETICS

PI Name: Professor John Coleman

Primary Researcher: Chenzi Xu [DPhil Student]
+44 (0)1865 270444
chenzi.xu@ling-phil.ox.ac.uk

PARTICIPANT CONSENT FORM
CUREC Approval Reference: R67136/RE001

Characterising Mandarin Accents

Purpose of Study: To characterise linguistic properties of different Mandarin varieties.

1 I confirm that | have read and understand the information sheet for the above study.
I have had the opportunity to consider the information, ask questions and have had
these answered satisfactorily.

2 I understand that my participation is voluntary and that | am free to withdraw at any
time, without giving any reason, and without any adverse consequences or academic
penalty.

3 | understand that research data collected during the study may be looked at by
designated individuals from the University of Oxford where it is relevant to my taking
part in this study. | give permission for these individuals to access my data.

4 | understand that this project has been reviewed by, and received ethics clearance
through, the University of Oxford Central University Research Ethics Committee.

5 | understand who will have access to personal data provided, how the data will be
stored and what will happen to the data at the end of the project.

6 I understand how this research will be written up and published.

7 I understand how to raise a concern or make a complaint.

8 | consent to being audio recorded

9 I understand how audio recordings will be used in research outputs

10 | consent to having my photo taken if needed

11a | agree to the use of direct quotes, attributed to my name, in research outputs OR

Written Consent Form_Version 1.0 December 2019
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UNIVERSITY OF

OXFORD

Please initial each
box




11b | agree to the use of anonymised quotes in research outputs

12 | agree to take part in the above study.

13 | hereby assign to the researcher all copyright in my contribution for use in all work
stemming from this project and future projects.

Optional: | agree for research data collected in this study to be formatted as a speech corpus
which may be used in other future research studies. | understand that any data that
leave the research group will be fully anonymised so that | cannot be identified.

Optional: | agree for my personal data to be kept in a secure database for the purpose of
contacting me about future studies.

Name of Participant Date Signature
Name of person taking consent Date Signature
Written Consent Form_Version 1.0 December 2019
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298 A.5. Informal Questionnaire

A.5 Informal Questionnaire

The following pages show the original informal questionnaires in Standard Written
Chinese for the Plastic Mandarin speakers and the Standard Mandarin speakers
respectively. English translation is provided in grey floating text annotations for

reference. The former (A.5.1)) was distributed in hard copies and the latter (A.5.2)
was distributed through Google Forms.



Faculty of Linguistics, Philology and Phonetics

University of Oxford

A.5.1 Participant Form (PM Group)

PI Name: Professor John Coleman
Primary Researcher: Chenzi Xu [DPhil
+44 (0)1865 270444
chenzi.xu@ling-phil.ox.ac.uk

FACULTY OF

LINGUISTICS,
PHILOLOGY

AND
PHONETICS

UNIVERSITY OF

OXFORD

Student]

v
Ba

WY 03 2 5
B E R

PR RAEIE U 57 23 01 42 (CUREC)Hit k4R 5 R67136/RE001

ke Name Pl Age
L Birth Place Rk Nation
TERVAET 4 Thave lived in Changsha for __ years.

Self-evaluation of spoken

5 B AP IR 5 K fnguage proficiency

Not at all Fluent
HE AL a—H — R 75
PR EE LS Standard Manldarin (@) @) ® ) ©)
K& Changsha @ @ ® @ ®
HoAh 75 Other Chinese vgrictieD ©) ® @ ®

(CHAth 75 5 BA T A )

THAELLT B 5t b i Ao

Please indicate the frequency of speaking Standard Mandarin,
Plastic Mandarin and other dialects in the following scenarios
lease specify the dialect) by filling in the circle.

. IRHEETE R R

B s, miREE. ORE “MT@H?” O fR#E “—HMH.

Q REMRBHEH; O ﬁi@“éﬁ ST RIZER T, @ REGHMER.

Never Always

WSS I RS A 42 GEAEM, FIAE) | alk to grandparents in. ..
FRAEESE G Standard Mandarin (@ @) ©) ®@ B
IR IEE Plastic Mandarin- D @ ® @ ®
#5+ Other @ @ ® @ ®
TER IR, RFIZ P42 1 talk to parents in...

e 5 18 1 @® @ ® @ ®
WL @ @ ® @ ®
i ® @ ® @ ®
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At home, grandparents speak...

SRPPERA 42 GEREA, TREL 55T SRR . )

PR 8 3% Standard Mandarin @ @) ©) @ ©)
¥80} {38 % Plastic Mandatin @ @ @ @ @
Jrgrt: Oter ® ® @ ®
Other (specify if grandma and grandpa

755 2:speak different vari¢ties) @D @®) ® ®@ ®
FERMBIE, LERA 47 (BRBMRIES R, iifkRHE) Athome, parents speak.

Fiaf 8 0] ©) ® @ ®
AR BT @ @ ® @ ®
ZERE Other (specify if mfim and dad @ ® ® ©
J3 2: speak different varieties)(D) @) ® @ )

R IAERA": 2 REMRMEA™: 3 RE QLR AR 4 R BHAEM": 5 RE—EMEA.

Never Always
FIRE R, BRI 42 During lectures, teachers speak...
PR 8 3 Standard Mandarin O @) ©) @ ©)
YRGB T Plastic Mandafin -~ (O @ ® @ G
#2: Other @® @ ® @ ®
FiREA RS E RS, #R44? During lectures/presentation, I speak. ..
o i 3 3 ® ©) ©) @ G
SR © @ ® @ ®
HEs O @ ® @ ®
TFTIRABHE, RAIZIMBf4? After classes, I talk to teachers in...
Tt @® @ ® @ ®
PR E S @® @ ® @ ®
VEE @® @ ® @ ®
TERRR IR, VRFNF 2285442 In school, I talk to classmates and friends in...
i A o) ) ® ® ®
YR o) @ ® ® ®
HHE: @ @ ® @ ®
FHROMYBEEED ERA. TH%) , fRiifh4? Afterschool (e.g. taking taxi or shopping), I speak.
o i 3 3 ® ©) ©) @ G
WL © © ® © ®
HH: ® @ ® @ ®
i s5 |
Dec 2019 2
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EEIREEERE 27/02/2023, 23:20

A.5.2 Participant Form (SM Group)

EELRTRELS

SR RFIARIRTZE RS (CUREC)H YRS R67136/RE00T

D (RDE) tHRIKS &

* MR

g2 *  Name

ENEE

mpsg*  E-mail

#=  WeChat ID (optional)

BAEE

https://docs.google.com/forms/d/e/1FAIpQLSec2DHA_dPA4cPhXkuMCdhlye3r-ql4dTYZ13QU3x0Dla-BWw/viewform Page 1 of 3
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EEIREEERE 27/02/2023, 23:20

Ei*  Nation/ Ethnic group

+  Birth Place

BOsEtREET20E? How long have you lived in Beijing?

BHEE

BEEESMERIEKFEML? 08, BHNFRE?

Have you ever attended the Putonghua Proficiency Test?
EEE If so, what is your grade?

How would you evaluate your Putonghua/Standard Mandarin proficiency?
MR BBIHEEBATEE BIEKE, BREESHT/LD? *

1 2 3 4 5
axre O O O O O
I barely speak any Putonghua. Fluent
R FRREAS

P)70@id Google REIRRZZT,

https://docs.google.com/forms/d/e/1FAIpQLSec2DHA_dPA4cPhXkuMCdhlye3r-ql4dTYZ13QU3x0Dla-BWw/viewform Page 2 of 3
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Speech Materials

Contents

(B.1 A Full List of Speech Materials in the Word-guessing |

| Game (B)| . . .. ... o o oo 303
[B.2 The Path Code Game (C) . . ... ............ 309
B21 Procedurel . . . . ... ... ... 309

[B.2.2  Disyllabic phrases with neutral tone in the speech materialg311

B.1 A Full List of Speech Materials in the Word-
guessing Game (B)

In the word-guessing game, each scenario is represented by an incomplete sentence,
with the keyword (in bold here) missing. The Clue-receiver was trying to construct
the following sentences, making use of the hints from their friend. The keywords are
frequent words and all sentences make sense. Utterances with incorrect keywords
also lead to repetitions of the carrier sentences, embedded with speech sequences
containing neutral tones.

(1) i AR HER O FEA R EH

ta-men tui-de  xuérén hen wendang
3PL built-DE snowman very stable

“The snowman they built is stable’

303



304 B.1. A Full List of Speech Materials in the Word-guessing Game (B)

fibfiT R (-
ta-men tui-de  chéngbdo hen weéndang
3PL built-DE castle very stable

‘The castle they built is stable.

i, Al HER gk R OTRE
ta-men tui-de  tdijie hen weéndang
3PL  built-DE steps very stable

“The steps they built is stable.

—e
—

(2) i T FEH M ®m IFE
ni-men ta-de  jimau hen lihat

2PL  built-DE toy blocks very awesome
‘The toy blocks you built is awesome.’
i ARl FER W R FE

ni-men ta-de  yupéng hen lihai
2PL built-DE shelter very awesome

‘The shelter you built is awesome.
ii. R B e ROFE

ni-men ta-de  wutdt hen lihai
2PL built-DE stage very awesome

“The stage you built is awesome.

3) i AR [EH 55 R I
nt  hui-de xinri hen mdhu
2sa replied-DE message very careless

‘The message you replied is careless.
i R ERY mRfE R HR
ni  hui-de youjian hen mdhu
28G replied-DE email  very careless
‘The email you replied is careless.’
i R [E LY R SR
nt  hui-de liwu hen mdhu
2SG returned-DE gift  very careless

‘The gift you returned is careless.

4 i F* W [EkeS R JFRAR
wo da-de weéngjuan hen mdfan

1sG answered-DE survey  very troublesome

‘The survey I answered is a hassle.
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iii.

ii.

iii.

ii.

iii.

o EH ]l R pRK
wo  dd-de weénti  hen mdfan

1sG answered-DE questions very troublesome

‘The questions I answered is a hassle’

o B i 1R AR
wo dd-de shijuan  hen mdfan

1sG answered-DE exam paper very troublesome

‘The exam paper [ answered is a hassle’

X W, BB it ROER

zhe  kuzi, tui-de  sheji  hen piaoliang

This trousers, leg-GEN design very pretty

‘This pair of trousers, the design of the legs is pretty’
X R, BBE wt ROE=

zhé  zhuozi, tui-de sheji  hen pidoliang

This table, leg-GEN design very pretty

‘This table, the design of the legs is pretty.

X i, BRE it ROER

zhé babi, tui-de shéji  hen piaoliang

This Barbie, leg-GEN design very pretty

‘This Barbie doll, the design of the legs is pretty.

ik ITH) B R HE
ta da-de doujiang hen xithan
3sG made-DE soy milk very rare

‘The soy milk he made is rare.
fit TRy G R WF

ta da-de lingdai hen zihan
38G made-DE tie very rare

‘The tie he made is rare.

o FTHY 15 B WwE
ta da-de dianhua hen zithan
38G made-DE call very rare

‘The call he made is rare’

Al A R R KA
women dui-de jiangpin hen shizai
1P redeemed-DE prize very worthwhile

‘The prize we redeemed is worthwhile.



306 B.1. A Full List of Speech Materials in the Word-guessing Game (B)

AT HH) L R EAE
women dui-de jipidao hen shizai

1pPL  redeemed-DE flight ticket very worthwhile
‘The flight ticket we redeemed is worthwhile.

ii. AT A PEE MR LHE

women, dui-de shuji hen shizai

1PL  redeemed-DE books very worthwhile

—e
—

‘The books we redeemed are worthwhile’

8) i KRB =BT R #Fik
da-de wuzt hen shifu
big-DE house very comfy

‘Big house is comfy.

i.  KE WEk R ik
da-de shafa hen shifu
big-DE sofa  very comfy

‘Big sofa is comfy’

ii. R i AR AR
da-de wdwa hen shiufu
big-DE doll  very comfy

‘Big doll is comfy.

9) i AT E  EBEE B
ndinai-men zheng kan-zhe dianshi
grandma-PL PROG see-DUR television

‘Grannies are watching television.

i. W] IE  EBE HMA

nainai-men zheng kan-zhe xiangpian
grandma-PL PROG see-DUR photo

‘Grannies are looking at photo(s).
ii. Y5l = BE MWT

ndinai-men zhéng kan-zhe shanzi
grandma-PL PROG see-DUR fan

‘Grannies are looking at fan(s).
(10) i FFHEA] E EE A

yéye-men  zheng gan-zhe  midgqun
grandpa-PL PROG drive-DUR a herd of cattle

‘Grandpas are herding the cattle’
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ii.

1ii.

11) i
ii.
iii.
(12) i
ii.
1ii.
(13) i

Rinexll E HE EEN S
yéye-men  zheéng gan-zhe  cangying
grandpa-PL PROG drive-DUR flies

‘Grandpas are whisking the flies off’
%01 E BE W

yéye-men  zhéng gan-zhe  yazi
grandpa-PL PROG drive-DUR ducks

‘Grandpas are herding the ducks.

BRIRAT] E - #E i

meimei-men zhéng tan-zhe  jita
sister-PL PROG play-DUR guitar

‘Sisters are playing guitars.

BRIRAT] E  #E AHF

meimei-men zhéng tan-zhe guzheng
sister-PL PROG play-DUR guzheng

‘Sisters are playing guzheng (a Chinese instrument).

BRIEAT] E WE WE

meimei-men zheng tin-zhe  ganggin
sister-PL PROG play-DUR piano

‘Sisters are playing the piano.

|yl 1k BE BRI
mama-men zhéng kan-zhe giumén
mum-PL  PROG guard-DUR goal

‘Mums are guarding the goal.’
mEg Ik BE 54)

mama-men zheéng kan-zhe gidnbao
mum-PL  PROG guard-DUR wallet

‘Mums are guarding the wallet.
mEg Ik BE LD

mama-men zhéng kan-zhe danche
mum-PL  PROG guard-DUR bike

‘Mums are guarding the bike.

IRERAT] O iNz:) =T
meimei-men de  shumido gao-le
sister-PL GEN sapling  (grow) tall-PERF

‘Sisters’ sapling has grown taller’
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BRIRAT] K& =g
meimei-men de  fengzheng gao-le
sister-PL GEN Kkite (grow) tall-PERF

—e
—

‘Sisters’ kite has flown higher.

i, BRERAT] W &7
meimei-men de  zhiuzit  gao-le
sister-PL GEN bamboo (grow) tall-PERF

‘Sisters’ bamboo has grown taller.
(14) 1 BB W mE T

yéye-men de yingwu tdo-le
grandpa-PL GEN parrot escape-PERF

‘Grandpa’ parrot has escaped’

i.  FEM] Ry kT
yéye-men de tuzi tdo-le
grandpa-PL GEN rabbit escape-PERF

‘Grandpa’ rabbit has escaped.

i, A ) B kT
yéye-men de wugui tdo-le
grandpa-PL GEN turtle escape-PERF

‘Grandpa’ turtle has escaped.

(15) i G B gk ET
naimai-men de maomi ldo-le
grandma-PL GEN cat (grow) old-PERF

‘Grannies’ cat has grown older.

i Y5l T ET

ndinai-men de liizi  ldo-le
grandma-PL GEN donkey (grow) old-PERF

‘Grannies’ donkey has grown older.

ii. Y] Hy B T
ndinai-men de mujr lao-le
grandma-PL GEN hen (grow) old-PERF

‘Grannies’ hen has grown older.

(16) i WA i m o #®T
mama-men de wéijin dao-le
mum-PL GEN scarf  arrive-PERF

‘Mums’ scarf has arrived’
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I C TG SER =T
mama-men de pingguo dao-le
mum-PL  GEN apple arrive-PERF

‘Mums’ apple has arrived.

i, AT W F2T
mama-men de yusan dao-le
mum-PL  GEN umbrella arrive-PERF

‘Mums’ umbrella has arrived.

B.2 The Path Code Game (C)

B.2.1 Procedure

The picture-based path code game was the third step (Task C) of the recording
session. This game was developed considering a wealth of noun phrases containing
neutral tone syllables. The pair of subjects were given cards, on each of which there
were four items arranged in the four corners, illustrated in Figure [B.1] Subjects
drew a path that passed every item once independently, then they described their
path pattern on each card to one another in a designated manner, followed by
an open discussion through which they needed to pick “the odd one out” among
the four on each card. There is no correct answer in the “odd one”, as long as
they justify their answers. Usually the noun phrases were repeated in natural
spontaneous utterances in their justification.

They described their path patterns with a specified carrier sentence, demon-
strated in Table The technique ensures two repetitions of each item: once at
the beginning of a clause, and once at the end of a clause. Some of these items
were mentioned more times in the subsequent spontaneous discussion. Since item
names may be varied, each item was introduced once by the interviewer before the
game started. In Figure [B.1] the four items are t7zi [t"i tsz] ‘ladder’, lizi [li tsz]
‘pear’, lizi [li tsz] ‘plum’, and lizi [li tsz] ‘chestnut’ The last three words share the
same segments, but the first syllable differs in lexical tone. All four words contain

the same neutral tone syllable [tsz], a noun suffix.
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P 7-

)

Figure B.1: An example prompt used in the path code game. The four items tizi
‘ladder’, lizi ‘pear’, lizi ‘plum’, and lizi ‘chestnut’ are arranged in the four corners, and a
random path is drawn in black.

Transcript Translation

T H AR T ‘The starting point is the ladder’
BTREHEZEZET . ‘After the ladder is the plum’
ZTFHEHERZZET - ‘After the plum is the chestnut’
EFREHEIF - ‘After the chestnut is the pear’
FLFHER ‘The pear is the end’

Table B.1: The carrier sentence of describing the path pattern, demonstrated with the
path in Figure E The item fields are underlined.

A scoring system was incorporated as part of the gamification design in this
task during the fieldwork visits in the school in order to increase the engagement
of high school students. Each pair of subjects had a score, in fact depending
principally on luck: the more similar their path codes, the higher their score. The
pair with the highest score received a surprise prize (a box of chocolate) in the
end of my visit. The similarity of the path code was the number of matching
items at given positions. The scoring system was not included in the recording
sessions for older Standard Mandarin participants.

Given the uncertainty in the amount of game time and the overall time

limit of a recording session, some pairs of subjects skipped the discussion of
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the most different item.

B.2.2 Disyllabic phrases with neutral tone in the speech
materials

Another four sets of phonetically controlled disyllabic noun phrases centred on
the nominal suffix zi, derived from zi ‘child’ (C. N. Li & Thompson, (1981) and

originated as a diminutive suffix (Norman, [1988).

Set T1-N T2-N T3-N T4-N

Jav/  [tav tsz] [thav tsz] [tsav tsz] [mav tsz]
daozi J)F  tdozi Bk F  zdozi BF  maozi MEHT
knife peach date hat

/i/ [thi tsz] [1i tsz] i tsz] [1i tsz]
i BT lE BT lm T Ui BT
ladder pear plum chestnut

Jien/  [tehien tsz]  [teMien tsz]  [teien tsz]  [teien tsz]
qianzi % qidnzi ST jidnzi BF jianzi BT

stick plier scissor shuttlecock

/iy [t tsz] [th tsz] 1y tsz] [ter tsz]
dingzi 5] F tingzi =1  yingzi % F  jingzi BT
nail pavilion shadow mirror

Table B.2: Disyllabic speech materials containing the neutral tone syllable zi

zi constitutes the obligatory second syllable of plentiful nouns of any semantic
class, but is no longer used productively (C. N. Li & Thompson, [1981). These
[X-zi] phrases are presented Table @, embedded in the path code game. Each set
features a consistent rhyme in the X syllables. The Modern Chinese Dictionary
(Institute of Linguistics CASS, 2016) was consulted to check that the morpheme
zt canonically has the neutral tone pronunciation in these words.

Table contains words with a neutral tone syllable that has a citation
tone in isolation.

The zi sets were not used in the analysis given that a large number of zi tokens

are voiceless or with very short voicing portion, which was not ideal for pitch
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T1-N T2-N T3-N T4-N

[xi xan] [ma fan] [won tay] [pliav liag)]
zihan ¥iF mdfan FRRL  wéndang T84 pidoliang 125
rare complicated stable pretty

[su fu] [51. tsat] [ma xu] [li xari]
shafu &1 R shizaiSEFE mahuS R lihai 77 &
comfortable real careless awesome
[foy tsp] [lwo po] [tswer pal [iav s1]
fengzheng W& lucbo B N zuiba BEE yaoshi FARL
kite carrot mouth key

[doy loy] [ptu thav] [pien tan] [tou fu]
denglong K19 pitao %  bidndan JRIH  doufu BJE
lantern grape carrying pole  tofu
[ts"way xu] [xu li] [la pal [tshz wer]
chuanghu B hali T8 ldba BIW\ ciwei JIE
window fox speaker hedgehog

Table B.3: Extra disyllabic speech materials containing a neutral tone syllable. The
second syllable in these words in isolation has a citation tone.

analysis. These speech materials can be used in future research, when we examine

other aspects of neutral tone syllables.
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C.1 Accent Profiling based on Influential Data
Analysis

Sometimes influential data can drastically change the interpretation of results from
a statistical model. Influential data analysis was performed as part of the model
check in the present thesis, as suggested by Winter (2013). Cook’s Distance, for
example, estimates how much a regression model changes when a data point or a
group of data points is excluded (“leave-one-out diagnostics”).

Figures and present the Cook’s Distance estimates of the LME models
of Plastic Mandarin tones by speaker and by token respectively. Quite often some
data points with a large Cook’s Distance value are identified as influential data or
“outliers”. There are different thresholds or cut-off values for spotting influential

data. Onme rule of thumb is to examine any data that is more than three times

313
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Figure C.1: Cook’s Distance by speaker on the LME models of ¢; coefficients of Plastic
Mandarin tones.

the mean of all the distances. In Figure [C.1], the influential speaker is marked in
pink. In Figure [C.2] the top ten most influential data is labelled.

The influential data analysis was not intended to just remove “outliers” and
improve the model fit. Instead, it points us to a deep and thorough analysis of
these data, to check if they are valid and to understand what might make them
different. When there are no technical errors or artifacts in the data, large Cook’s
Distance values may flag certain individuals” accents or particular utterances. In
Figure [C.1], for instance, speaker 105 stands out from the group in terms of the
slope and curvature of Plastic Mandarin tones, while speaker 120 stands out in
terms of the average height of tones. If we look back at Figure [3.46 in §3.7.4] we
find speaker 105’s pitch patterns slightly different. We can further spot specific
tokens that are influential in Figure [C.2] Speaker 105’s Tone 3 and Tone 4 tokens
are influential with regard to the curvature of tones, and speaker 120 had some
influential neutral tone tokens regarding the average height. In the analysis, these
natural tokens were listened to and preserved, since they reveal some individual

variation in speaking Plastic Mandarin.
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Figure C.2: Cook’s Distance by token on the LME models of ¢; coefficients of Plastic
Mandarin tones. Top ten tokens with highest Cook’s Distance were labelled in the format
of ‘(task code) + (speaker ID) + (IPA of the syllable) + (the order in a sequence)’. Dotted
line marks a threshold, estimated by 4/thetotalnumberoftokens.



316 C.2. Dealing with Violations of Assumptions

C.2 Dealing with Violations of Assumptions

Violations of assumptions sometimes occurred during the analysis, and these were
detected via Quantile-Quantile plots (QQ-plots) and other residual plots. In the
LME analysis of duration data in Chapter [5|for example, the distribution of residuals
tend to be right-skewed (illustrated in Figure , which violated the assumption of

the normality of residuals. Figure also shows the violation of homoskedasticity.
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Figure C.3: Residual plots of the robust LME model 1 for Standard Mandarin data.
The colouring of blue indicates the robustness weights.

Some of the models were re-fit using generalised mixed-effects models with
non-normal continuous probability distributions that are right-skewed such as the
lognorma]ﬂ distribution. The lognormal models still had violations of assumptions.
Hence, this thesis adopted the robust methods (Koller, . Figure @ illustrates
the residual plots for robust fit of model 1) for Standard Mandarin data, in which
the colouring of blue indicates the robustness weights. The deep blue data points

were down-weighted in the robust model. In addition, a study of the robustness

!Gamma distribution may be another option.
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weights, similar to influential data analysis, gave us insights as to which observations

cause the modelling differences.
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D.1 Audio Processing

In this thesis, the following software and packages were used for audio processing:
Praat (Jadoul et al., 2018), ESPS (Entropic Research Laboratory, 2006), SoX
(Bagwell et al., [2015), HTK (HTK Team, 2006), and Python 3 (van Rossum &
Drake, with standard modules including pandas, numpy, os, sys, glob, and
relevant packages Parselmouth (Jadoul et al., 7 praat-textgrids (Nieminen,
. I have written a modified Python 3 script of P2FA (Yuan & Liberman,

for Mandarin and multiple Praat scripts to automate some processes.
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D.2 Data Wrangling, Visualisation, and Statis-
tical Analysis

Data wrangling, visualisation, and statistical analysis were conducted in R (R Core
Team, 2021) and Rstudio (RStudio Team, 2022) with relevant packages: rmarkdown
(Allaire et al., 2022), tidyverse (Wickham & RStudio, 2021)), magrittr (Bache
et al., [2022)), modelr (Wickham & RStudio, 2020),ggpubr (Kassambara, 2020)),
ggdist (Kay & Wiernik, 2022)), ggrepel (Slowikowski et al., 2021)), ggridges (Wilke,
2020)), ggsci (N. Xiao & Li, 2018), plotly (Sievert et al.,[2021), gridExtra (Auguie
& Antonov, 2017), 1lme4 (Bates, Méchler, et al., 2015)), lmerTest (Kuznetsova
et al., 2017)), pbkrtest (Halekoh & Hgjsgaard, 2021)), emmeans (Lenth, 2021)),
broom.mixed (Bolker et al., 2022), mgcv (S. Wood, 2022), itsadug (van Rij et al.,
2022)), tidymv (Coretta et al., [2022).

D.3 Thesis Writing

The thesis was written in I¥TEX, using the Oxford Thesis Template which was
created by Keith Gillow and modified by Sam Evans and John McManigle (available
at https://www.oxfordechoes.com /oxford-thesis-template/). The following pack-
ages were used: babel, csquotes, biblatex, booktabs, multirow, tabularx,
makecell, pinyin, CJKutf8, tikz, caption, subcaption, cleveref, inputenc,
tipa, gb4e. They are available from the Comprehensive TeX Archive Network
(https://www.ctan.org/).
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