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Preface

The present dissertation makes an attempt to investigate into the
articulatory timing between gestures in Beijing Mandarin syllables within
the framework of Articulatory Phonology.

Speech sounds in language are traditionally believed to be linearly
arranged one after another (Trubetzkoy 1939; Jakobson 1941; Chomsky
and Halle 1968), but recent gesture-based studies find that this is not
always the case. In a CVC syllable, while the gesture of the syllable-final
consonant starts after the completion of the vowel, the gesture of the
syllable-initial consonant starts simultaneously with that of the vowel
(Goldstein et al. 2006; Xu and Liu 2006). This inspired me to ponder over
the timing of sounds like the pre- and postnuclear glides and the
retroflexion in Mandarin syllables. The limited number of all syllable
types in Mandarin makes it possible to conduct an extensive investigation
into the organization of elements in all types of Mandarin syllables, and
to build a gesture-based model of syllable structure accounting for all
intergestural timing relations in this language.

Articulatory Phonology is a gesture-based phonological theory
developed by Browman, Goldstein and their colleagues (Browman and
Goldstein 1986, 1988, 1989, 1992, 1995). They claim that gestures are
basic elements in language, and syllables are formed by mutually coupled
gestures. The questions raised in the previous paragraph will be
investigated in the framework of this theory.

The technique employed for collecting the articulatory data is the
electromagnetic articulography (EMA), which can perform real-time
display and recording of the movements of up to twelve sensors attached
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to the surface of the lips, the jaw and the tongue, and synchronized
acoustical data. The participants invited are three male native Beijing
Mandarin speakers all in their twenties without any speaking or hearing
problems. The articulatory and acoustical data are processed by computer
software MatLab and Praat. The statistical work is done by Minitab.

Totally there are six kinds of elements in Mandarin syllables,
including syllable-initial consonants (C), prenuclear glides (G), nuclear
vowels (V), postnuclear glides (E, from “ending”, distinguished from G),
nasal codas (N) and the retroflexion (R). The timing relationships
between six pairs of gestures, including CV, CG, GV, VE, VN and CR, are
investigated. The onset-to-onset lags of these pairs are computed. Results
show that these pairs can all be assumed to start simultaneously from the
beginning of the syllable. By integrating these intergestural timing
relationships together, we can propose an overall model of gestural
organization in Mandarin syllables, that is, all the gestures in a syllable
start simultaneously form the beginning of the syllable, but end one by
one differently. The initial consonant C ends first, then does the glide G,
the vowel V, and at last the ending E and the retroflexion R. A postnuclear
glide ending and a nasal coda are not allowed to occur simultaneously in
the same syllable; so there is no coupling relationship between them. The
retroflexion is actually a feature all over the whole syllable.

The coproduction of the C and V is in accordance with Goldstein et
al. (2006) and Xu and Liu (2006). The coproduction of the G, V and E is
in accordance with Ren’s (1986) Truncation Model, and provides
explanation for the variation of the mid and low vowels in GVE
sequences and the prohibition of filling the two positions of glides with
the same glide in the same syllable. The coproduction of the vowel and
nasal coda is against the proposal of Goldstein et al. (2006) and Xu and
Liu (2006), even though I will insist on the proposed model in the present
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study, based on the articulatory data of the present experiment, the
aerodynamic data phonological data from synchronic and diachronic
phonological processes, and the explanatory power of the present model
on the variation of the vowels in VN sequences. The co-onset of the
initial consonant C and the retroflexion R tells us that the retroflexion is
better to be viewed as a feature on the whole syllable, but not a suffix to
the end, similar to the “fusional type” proposal in earlier analyses.

The primary significance of the present study is that it is the first
time the timing relationships between the productions of all kinds of
elements in syllables of a language are investigated in an articulatory
experiment, and an integrated model of syllable structure, which is
explanatory to a lot of phonological phenomena, is proposed, bringing a
better understanding of the timing relationships between the productions
of the elements and relevant phonological processes in syllables of the
human languages, especially Beijing Mandarin.

Keywords: Beijing Mandarin; intergestural timing; syllable structure;
Articulatory Phonology
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Chapter One Introduction

It is now widely known that syllable, the basic unit in phonology, is
composed of consonants and vowels and these Cs and Vs are arranged
one after another in the syllable. Such arrangement of Cs and Vs in the
syllable leaves an impression that consonants and vowels in syllables are
articulated one afier another in time. The present title will conduct an
articulatory experiment on the syllable timing in Mandarin Chinese with
an attempt to discover the elemental organization of the syllable, at least
in Mandarin Chinese.

1.1 Research Background

In Articulatory Phonology developed mainly by Browman and
Goldstein (1986, 1988, 1989, 1992, 1995), syllable is viewed as the basic
timing unit for segmental or gestural organization. In this approach, all
gestures are arranged inside the domain of each syllable. As for the
syllable timing, Goldstein et al. (2006) propose that in a CVC syllable,
the initial C gesture and the V gesture start simultaneously from the
beginning of the syllable, while the coda C gesture starts after the offset
of the V gesture, and ends at the offset of the syllable. Though the data of
their studies are mainly from English, the results and the model proposed
are supposed to be applicable in all the world languages.

The syllable structure model proposed by Goldstein et al. (2006) is
based on articulatory data. Xu and Liu (2006) propose a similar syllable
structure model but their model is based on acoustical data. In the paper,
they argue that syllable is the basic organizational unit for segments, and
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provide evidence to show that in a CVC syllable, the initial C and V are
produced simultaneously from the beginning of the syllable, and the coda
C starts at the offset of the V. Xu and Liu (2006) collect their data from
several languages including Mandarin, and they intend to consider their
model to be applicable also to other languages.

However, evidence has shown that the organization of gestures, or at
least some aspects of it, may be language specific. Gick et al. (2006)
found that though there exist many language universal features,
language-specific patterns, though apparently influenced by universal
phonetic factors, must nonetheless, to a large extent, vary from language
to language, based on articulatory data of liquids in seven languages
collected by using the ultrasound imaging technique. Gao (2008) also
found difference on CV onset lag between Mandarin and the general
model proposed in Articulatory Phonology. In the general model
proposed in Articulatory Phonology, the C and V gestures in CV or CVN
syllables are considered to be articulated simultaneously with each other,
while Gao argued that in Mandarin the starting time of the V gesture is a
little later than that of the C gesture of CV and CVN syllables. Her
explanation for this inconsistency is that the lexical tone in Mandarin
plays a role in the starting time of the C gesture, therefore triggering the
C-center effect (Goldstein et al. 2006). In a CCV syllable, the start of the
first C gesture will move a little forward, and that of the second C gesture
will move a little backward, and that of the V gesture will remain at the
original position, resulting in a pattern of gesture timing that the V
gesture starts at the center between the onsets of the two C gestures. The
reason for the displacement of the two C gestures is that they are both
in-phase coupled with the V gesture in planning, and therefore a
competition arises between them, causing them to move apart from each
other. This evidence shows that an overall investigation of the articulatory
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syllable structure is necessary for individual languages, especially for
Mandarin.

1.2 Purpose of the Study

The goal of the present study is to, based on articulatory data, build
an overall model of gesture timing in Mandarin syllables.

The reason for me to favor articulatory data over acoustic data in
gesture timing study is that articulatory movements of speech organs are
more basic than acoustical features in understanding timing relationships
between different segments or gestures. Specifically speaking, acoustic
signals are the results of the movements of the speech organs, and the
sound recorded has been affected by many factors such as the media of
sound waves, while articulatory data obtained can present a clear and
direct picture of the movements of the speech organs without any medial
steps. Rebuilding gestural movement from acoustical information has
been a controversial task until the present.

In Mandarin, there are totally five kinds of segmental elements,
including the initial consonant, the prenuclear glide (on-glide), the
nuclear vowel (vocalic nucleus), the postnuclear glide (off-glide) and the
coda nasal. The retroflexion in retroflexed syllables is always considered
a segmental element. In an overall model of Mandarin syllable structure,
the production of these six kinds of elements should all be included and
studied in detail. In addition, syllables in Mandarin can also be reduced
into their corresponding reduced forms. How the gestures are arranged in
reduced syllables is also taken into consideration in the present study.

Gao’s (2008) claim about Mandarin syllable structure is really
surprising. However, her study is not sufficient to build an overall model
of Mandarin syllable structure. Firstly, the syllables included in her
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speech material all take /a/ as the nuclear vowel. An investigation of the
gestural timing in syllables with other kinds of nuclear vowels is
necessary. Secondly, she has studied only CV onset lags, without
involving ail other gestures, representing other kinds of segments, such as
the prenuclear glide, the post-nuclear glides and the nasal coda. The
present paper will take the timing relationships between all these five
gestures into consideration. Retroflexed and reduced syllables are not
included in Gao’s (2008) study, either; so an investigation of the gestural
timing patterns in retroflexed and reduced syllables and their difference
and links with the unretroflexed and unreduced syllables is also
necessary. ,

Till now, there is no one single language in the world which has been
seriously investigated in the aspect of the timing relationships between all
the elements in a syllable. The number of syllable types in Mandarin is
limited, providing a chance for us to make a complete investigation of the
timing relations between the elements in syllables in Mandarin.

1.3 Theoretical Framework

The present study is carried out within the theoretical framework of
Articulatory Phonology advanced by Browman and Goldstein (1986,
1992, 1995). In Articulatory Phonology, gestures are basic phonetic units.
The variations on place and degree of gestures differentiate meanings.
Based on the places and degrees of vocal tract contract, gestures can be
grouped into five types. Each oral gesture has two parameters, while velar
and glottal gestures each has one (Task Dynamic Model, Saltzman and
Munhall, 1989). Figure 1.1 shows the gestures in Articulatory Phonology.



