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CHAPTER1

Introduction

1.1 General background

Tone and stress are two prosodic systems that may co-occur in the same lan-
guage and interact with each other (de Lacy, 2002; Goldsmith, 1988; Hyman,
2006, 2009).

One widely observed interaction is stress-dependent tonal distribution or
realization: tones are usually attracted to stressed positions or preferentially
preserved on them.1 In Lamba (Bantu), for instance, high tones surface on the
heads of trochaic feet regardless of their underlying position (Bickmore, 1995;
de Lacy, 2002). Similarly, in Zulu and Xhosa (both Bantu), high tones are at-
tracted to the stressed position in the final foot (Goldsmith, 1988). Notably,
such tone-to-stress attraction is commonly observed in languages where tones
are not lexically specified on every syllable (Brunelle, 2017). In languages

1Although the interaction between tone and stress can also be in the opposite direction (i.e.,
when stress placement is tone-dependent), here we focus primarily on stress-dependent tonal pat-
terns, as they are more commonly employed to account for tonal phenomena in Sinitic varieties,
the central concern of this dissertation.
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where each syllable carries a lexical tone with multiple levels of tonal con-
trasts, stressed syllables tend to preserve their underlying tonal contrasts, while
unstressed syllables undergo tonal modification or neutralization. For instance,
in Thai, stressed syllables preserve their underlying tones, with unstressed syl-
lables undergoing tonal reduction (Potisuk et al., 1994, 1996). Burmese ex-
hibits complete neutralization of tonal contrasts in unstressed syllables (Gruber,
2011).

In Sinitic varieties,2 stress has also been considered to condition tonal be-
haviors, particularly in the processes of tone sandhi (i.e., when a tone undergoes
changes due to the effect of adjacent tones). Despite the diversity in the trig-
gers and locations of sandhi application, tone sandhi patterns across Sinitic
varieties generally fall into two categories, namely left-dominant and right-
dominant ones (M. Y. Chen, 2000; Yue-Hashimoto, 1987; J. Zhang, 2007). In
right-dominant sandhi, mainly reported in Mandarin, Min, and Southern Wu,
the final syllable preserves its underlying tonal contrast while non-final sylla-
bles undergo tonal changes. An example from XiamenMin is shown in (1): the
underlying high level tone of the non-final syllable p’ang is changed to a low
level tone, while the final syllable preserves its underlying tone (M. Y. Chen,
1987, p. 112). Conversely, in left-dominant sandhi, the initial syllable preserves
its underlying tone and determines the sandhi contour, with non-initial syllables
undergoing tonal neutralization. This pattern is commonly observed in North-
ern Wu. In Shanghai Wu, for instance, the non-initial tones are deleted, while
the initial tone is preserved and spread towards the following syllables, as ex-
emplified in (2) (B. Xu et al., 1981, p. 152):

(1) Right-dominant (Xiamen Min)

/p’ang44/
fragrant

/tsui53/
water

→ [p’ang22

‘perfume’
tsui53]

2Following Chappell (2001), in this dissertation, we use “Sinitic varieties” as a general term
when discussing patterns across the Sinitic branch or when addressing topics of broader scope,
but use “dialect” when referring to specific varieties (e.g., Shaoxing Wu dialect) or traditionally
recognized groupings (e.g., Wu dialects).
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(2) Left-dominant (Shanghai Wu)

a. /s734/
hand

/Cin53/
center

→ [s733

‘palm’
Cin44]

b. /Ci34/
happy

/tCi734/
wine

→ [Ci33

‘wedding
tCi744]
ceremony’

The systematic variation in tonal preservation and neutralization alignswell
with the tonal behaviors observed in languages with stress-dependent tonal real-
ization. This has prompted researchers to account for the tone sandhi patterns
across Sinitic varieties with stress (M. Y. Chen, 2000; Duanmu, 1992, 1993,
1995; Yue-Hashimoto, 1987, among others). For example, Shanghai Wu is re-
garded as having left-headed word stress; the unstressed (i.e., non-initial) sylla-
bles undergo tonal deletion, while the underlying tone of the stressed syllable
is preserved and reassociated one-to-one with the unstressed syllables, result-
ing in the typical left-dominant sandhi (e.g., M. Y. Chen, 2000; Duanmu, 1993,
1995). In contrast, dialects with right-dominant sandhi are proposed to have
right-headedword stress (e.g., R. L. Cheng, 1973; Duanmu, 1995;Wright, 1983
onXiamenMin), with stressed syllables preserving citation tone and unstressed
ones undergoing tonal modification. Building on cross-dialectal evidence, Du-
anmu (1995, 1999, 2000) demonstrated that stress provides a unified account of
tone sandhi patterns, particularly in the formation of sandhi domains. On that
basis, Duanmu (2005) further advanced a general theory of stress, claiming
that all languages have stress and share a common stress-based foot formation
mechanism, which plays a pivotal role in tone sandhi processes.

The stress-based account has been influential. Many subsequent studies
have adopted it as a working assumption, treating the existence of stress and
its interaction with tone as established in their descriptions or analyses of tone
sandhi across Sinitic varieties (Hou, 2011; Jiang, 2005; Jiang & Xie, 2011; Xia,
2018, among others). Although first proposed decades ago, the stress-based
account has experienced renewed interest in recent years, with an increased
number of acoustic investigations of tone sandhi patterns and their relationship
to stress (e.g., Guo & Chen, 2022; Hu & Feng, 2024; M. Zhang et al., 2023;
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Zhu, 2023). This continued scholarly attention suggests the importance of tone-
stress interaction as a topic of research.

1.2 Motivation

Despite the prevalence of stress-based accounts for tone sandhi in Sinitic va-
rieties, two fundamental problems deserve further consideration and motivate
this dissertation.

First, existing research on tone-stress interaction mainly focuses on dialects
exhibiting typical left- or right-dominant sandhi patterns, which is typologically
limited. Over the past decades, a growing body of studies have documented
dialects with features of both left- and right-dominant sandhi patterns (e.g.,
Kuang et al., 2018; Rose & Yang, 2024; Shen & Rose, 2016; Ying, 2025).
Although many studies have shown that both sandhi dominant patterns can co-
exist within the same dialect, they typically occur in different morphosyntactic
structures (e.g., Duanmu, 1995; B. Xu et al., 1981, on Shanghai Wu), which
has been proposed to reflect stress of different levels (see further discussion in
this chapter and in Chapter 4). Unlike such structure-sensitive cases, in these
dialects, left- and right-dominant sandhi can occur within words. The relation-
ship of these complex sandhi patterns to stress remains underexplored, leaving
a critical gap given the widespread appeal of stress-based accounts.

Recent acoustic studies on previously under-studied dialects, particularly
on Wu dialects, provide converging evidence that the dichotomy between left-
and right-dominant sandhi is less clear-cut than traditionally assumed. In South-
ern Wu, which are conventionally considered as undergoing right-dominant
sandhi, the final syllables do not always preserve their underlying tones. For
instance, in Maodian Wu, the tonal realizations of the final syllables are condi-
tioned by the initial tones in disyllabic words ending with mid level tones (Shen
& Rose, 2016). In Northern Wu, despite the general left-dominant tendency,
non-initial tones have been repeatedly observed to condition sandhi contours
as well. For example, in Xinzhuang and Zhuji Wu, the sandhi contours of disyl-
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labic words starting with high falling tones are conditioned by the non-initial
tones (Kuang et al., 2018). These findings collectively suggest that left- and
right-dominant sandhi patterns can coexist within the same dialect.

Notably, such dialects present theoretically important test cases for stress-
based accounts: if stress truly underlies tone sandhi patterns across Sinitic vari-
eties, these complex patterns where sandhi dominance varies with tonal context
should also be compatible with stress-based analysis. However, these dialects
have not received due attention in the discussion on tone-stress interaction. As
reviewed earlier, the majority of existing studies focus on dialects with typical
left- or right-dominant sandhi patterns. While some researchers have attempted
to extend stress-based accounts to complex sandhi patterns (e.g., Rose & Yang,
2024), such analyses encounter the second fundamental problem.

The second problem concerns the lack of independent evidence for identify-
ing stress in Sinitic varieties. Unlike other tonal languages with stress, the pur-
ported stress in many Sinitic varieties lacks supporting evidence beyond tonal
patterns themselves. This leads to a circular reasoning where tonal preservation
and neutralization are used to identify stressed and unstressed syllables, while
stress is at the same time invoked to explain these same tonal patterns.

Stress is generally realized through various acoustic parameters: stressed
syllables tend to exhibit longer duration (e.g., Arvaniti, 2000; Fry, 1955; Slui-
jter & Van Heuven, 1996), higher mean f0 or greater f0 change (e.g., Dogil
& Briony, 1999; Plag et al., 2011; Vogel et al., 2016), smaller intensity reduc-
tion towards higher frequencies (e.g., Sluijter & Van Heuven, 1996), or more
peripheral vowel space (e.g., De Jong & Zawaydeh, 1999; Prieto & Ortega-
Llebaria, 2006; Remijsen & Van Heuven, 2005) than their unstressed counter-
parts (see Gordon & Roettger, 2017, for a cross-linguistic survey). In tonal
languages with well-attested stress systems, although f0 also encodes lexical
tone, stress can usually be identified through acoustic correlates independent
of f0. For example, in Thai, duration serves as the primary acoustic correlate of
stress (Potisuk et al., 1996); in Pirahã, stress is realized predominantly through
duration (Everett, 1998). Even when stress lacks clear acoustic correlates, its
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existence can still be justified through systematic phonological patterns. For
instance, in Lamba, high tones consistently surface on odd-numbered syllables
within a string of level-1 prefixes (i.e., object and certain tense/aspect mark-
ers preceding verbal roots), suggesting a rhythmic effect (Bickmore, 1995; de
Lacy, 2002). The systematic alternating pattern can justify positing stress even
without robust phonetic cues, as metrical analysis provides coherent accounts
of otherwise random phonological processes.

However, such independent evidence is largely absent in many Sinitic vari-
eties.3 Previous studies claiming stress in particular Sinitic varieties often rely
on auditory impressions from fieldworkers or native speakers, typically based
on small sample sizes (e.g., Zeng &Niu, 2006; Zhong, 2003). The reliability of
these perceptual judgments concerning stress thus remains questionable. In ad-
dition, as dynamic pitch movement is considered important to stress perception
(e.g., Rietveld & Gussenhovent, 1985; ’t Hart et al., 1990), there may be a per-
ceptual bias toward interpreting syllables with pitch movement, typically those
preserving underlying tones, as stressed. This raises the possibility that per-
ceived stress is not the cause of tonal preservation but rather its consequence.

While recent years havewitnessed increased acoustic investigation of stress
in Sinitic varieties, many studies have not sought independent evidence for
stress, but presuppose tone-stress interaction and explore acoustic correlates of
stress on that basis instead (e.g., Guo & Chen, 2022; Hu & Feng, 2024; M.
Zhang et al., 2023). For instance, Guo and Chen (2022) examined two dialects
with left-dominant sandhi (i.e., Chengdu Mandarin and Changsha Xiang) and
two with right-dominant sandhi (i.e., Fuzhou Min and Xiamen Min) as repre-
sentatives of dialects with different metrical structures. They investigated f0 re-

3One might point to Mandarin as a case providing such evidence. In Mandarin, some sylla-
bles surface with a reduced pitch contour whose realization depends on the preceding tone, a
phenomenon known as neutral tone (e.g., Cao, 1986; Chao, 1968; Lin & Yan, 1980; see also
Y. Chen, 2015, for a review). In addition to tonal reduction, neutral tone syllables often exhibit
shorter duration and vowel reduction compared to their full tone counterparts (e.g., Chao, 1968;
C.-C. Cheng, 1973), which has led many researchers to regard them as unstressed. This case,
however, is not comparable to languages with a well-attested stress system, as neutral tone oc-
curs in only a small proportion of words in Mandarin (e.g., W. Li, 1981). Other than in these
words, stress is not readily observable in Mandarin.
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alization and duration of each syllable in disyllabic words, and found that f0 is a
more consistent correlate of stress than duration across these dialects: duration
patterns varied across dialects, whereas stressed syllables consistently surfaced
with their underlying pitch forms while unstressed syllables surface with level-
ish contours. However, since sandhi dominance was used to diagnose stress
in the first place, this finding does not resolve the circular argumentation but
rather reinforces it.

It is worth noting that the stress discussed above is lexical stress, which
should be distinguished from focus-induced prominence (i.e., marking new or
contrastive information at the utterance level). In Sinitic varieties, focus is com-
monly signaled through f0 (typically via on-focus expansion and/or post-focus
compression), longer duration, and/or higher intensity, though the detailed im-
plementation varies across dialects (e.g., Y. Chen, 2006; Jin, 1996; Shih, 1988;
Y. Xu, 1999, on Standard Chinese; Y. Chen, 2009; B. Ling & Liang, 2017, on
Shanghai Wu; Gu & Lee, 2007; Wu & Xu, 2010, on Cantonese Yue). In ad-
dition, the distinctiveness of lexical tones may also be enhanced under focus
(e.g., Y. Chen, 2009; Y. Chen & Gussenhoven, 2008). While a full discussion
of the prosodic encoding of focus and its interaction with tonal realization is
beyond the scope of this dissertation, readers may refer to Y. Chen et al. (2014)
for some relevant discussion.

Admittedly, stress can still be justified through its systematic effects on
tonal patterns across different domains (i.e., from words, compounds, to
phrases), despite the lack of clear-cut phonetic evidence. Consider Shanghai
Wu as an example. As reviewed in Section 1.1, in Shanghai Wu, the underly-
ing tones of word-initial syllables are usually preserved and spread rightward
with non-initial underlying tones deleted, which are claimed to be stress-
conditioned. Specifically, tone sandhi domain is regarded as a left-headed
stress foot, within which only stressed syllables can preserve their underlying
tones (e.g., M. Y. Chen, 2000; Duanmu, 1993, 1995). The stress-based account
is further supported by asymmetric sandhi domain formation in compounds
with different structures: 1+2 compounds (e.g., [red [wood bed]], ‘red wooden-
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bed’) consistently form one sandhi domain, while 2+1 compounds (e.g., [[red
wood] bed], ‘red-wood bed’) form either one or two sandhi domains (Du-
anmu, 1993), which can be explained with metrical processes such as stress
assignment, stress clash resolution, and stress reduction (see M. Y. Chen,
2000, for more detailed analysis). Within each sandhi domain, left-dominant
sandhi applies consistently (M. Y. Chen, 2000). More importantly, tonal re-
alizations at the phrasal level provide additional evidence. In contrast to the
left-dominant sandhi observed in words and compounds, disyllabic phrases
undergo right-dominant sandhi: the final syllable preserves its underlying tone
while the initial syllable surfaces with a level contour (e.g., B. Xu et al., 1981).
Building on cross-linguistic evidence that phrasal stress assignment differs
from that of words and compounds (e.g., Cinque, 1993), Duanmu (1995)
proposed right-headed phrasal stress in Shanghai Wu, which well explains the
right-dominant sandhi pattern observed at the phrasal level. Taken together,
stress of different levels can provide consistent accounts of tonal realizations
across words, compounds, and phrases. This justifies the postulation of stress
even in the absence of robust acoustic correlates.

Nonetheless, such comprehensive investigations are limited to dialects with
typical left- or right-dominant patterns. For those with complex tone sandhi
patterns, independent evidence for stress remains lacking, even when these pat-
terns are analyzed in terms of stress-induced tonal neutralization and preserva-
tion. For example, Jinshan Wu is a Northern Wu reported to exhibit both left-
and right-dominance depending on tonal context, and Rose and Yang (2024)
posited underlying left- and right-headed stress for the respective cases to ac-
count for the varying sandhi dominance. Yet, as Rose and Yang (2024) reports
only f0 data, acoustic evidence for stress beyond tonal realization is absent. Fur-
thermore, there has been no systematic investigation across various domains
comparable to those conducted for Shanghai Wu. Without such evidence, it
is hard to determine whether the variable sandhi patterns genuinely reflect
context-dependent stress assignment, or whether they arise from processes un-
related to metrical structure. The issue of circular argumentation thus remains
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unresolved for these theoretically crucial cases.
To advance our understanding of tone-stress interaction in Sinitic varieties,

it is essential to address these two fundamental problems.More attention should
be paid to dialects exhibiting complex sandhi patterns, with particular focus
on seeking acoustic evidence for stress beyond tonal realizations and, more
importantly, investigating whether stress can provide consistent accounts of
sandhi patterns across different domains.

1.3 The current studies

This dissertation explores the potential interaction between tone and stress in
Shaoxing Wu Chinese (绍兴话), a dialect exhibiting complex tone sandhi pat-
terns, with controlled experiments investigating tonal realizations across dif-
ferent domains. Before delving into the details of the current studies, a brief
overview of this dialect and its tonal system is provided.

ShaoxingWuChinese is aWu dialect (吴语, ISO 639-3; code: wuu) spoken
in Yuecheng district (越城区),4 which belongs to the prefectural-level munici-
pality of Shaoxing city (绍兴市) in Zhejiang province (浙江省), the People’s
Republic of China (see Figure 1.1 for the location of Shaoxing city). This di-
alect belongs to the Suhujia cluster (苏沪嘉小片) within the Tai Lake subgroup
(太湖片) of the NorthernWu dialect group (北部吴语), a Sinitic branch within
the Sino-Tibetan family (Wurm et al., 1987).

There are eight lexical tones in Shaoxing Wu (hereafter labeled T1 to T8),
with four different contours in both high and low pitch registers (e.g., Wang,
1959, 2008; J. Zhang, 2006). Figure 1.2 illustrates the f0 trajectories of the eight
lexical tones produced in isolation by a female speaker born in the 1960s. T1
is a high-register tone falling from the higher to the lower end of the speaker’s
pitch range. T2 is a low-register falling tone, starting in a low register with
a rise towards the middle, and falling to the lower end. T3 is a high-register
rising tone with a slightly falling contour at the start. T4 is a low-register rising

4According to the census in 2020, there are around 1,020,000 residents in Yuecheng district.
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Figure 1.1: Map showing the location of Shaoxing. The locations of Beijing
and Shanghai are also indicated as reference.

tone. T5 is a high-register level tone with a slightly falling contour. T6 is a
low-register level tone. T7 and T8 are rising tones in high and low registers
with relatively short durations. High-register tones (T1, T3, T5, T7) co-occur
exclusively with voiceless onsets, while low-register tones (T2, T4, T6, T8)
only with voiced onsets. T1 to T6 only occur in open syllables or syllables
with a nasal coda, while T7 and T8 only occur in syllables closed by a glottal
stop.
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Figure 1.2: Lexical tones in Shaoxing Wu.

Despite being classified as a Northern Wu dialect, Shaoxing Wu does not
exhibit the typical left-dominant sandhi pattern characteristic of this dialect
group. According to impressionistic studies, sandhi patterns of disyllabic words
can be conditioned by the underlying tones of both syllables depending on tonal
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context (Wang, 1959, 2015, see Chapter 2 for more details). These patterns, like
those recently documented in other Wu dialects, exhibit features of both left-
and right-dominant sandhi, and their relationship with stress deserves further
investigation.

What makes Shaoxing Wu more intriguing is its tone sandhi patterns in
trisyllabic compounds. Impressionistic studies suggest that they are solely de-
termined by the initial underlying tone (Wang, 2015; J. Zhang, 2006). This
contrasts with the patterns observed in disyllabic words, raising the question
of whether stress can offer consistent accounts of tone sandhi across different
domains. If tonal preservation and neutralization in Shaoxing Wu are stress-
driven, disyllabic sandhi patterns seem to suggest that stress location varies
depending on tonal context, whereas trisyllabic sandhi patterns suggest consis-
tent initial stress. It is worth investigating whether these seemingly contradic-
tory patterns are accurately described in impressionistic studies, and if so, what
underlies such inconsistency.

Furthermore, tonal realizations at the phrasal level in Shaoxing Wu show
more intricacy than those typically observed in Northern Wu. While phrases in
ShaoxingWu generally display right-dominant sandhi, impressionistic descrip-
tions reveal that disyllabic phrases with verb-object (VO) and subject-predicate
(SP) structures differ in their tonal realizations of initial syllables (Wang, 2015).
Such VO-SP distinction is rarely reported in other dialects, and its underlying
mechanism remains unclear. Given that right-dominant phrasal sandhi is often
cited as evidence for tone-stress interaction (e.g., M. Y. Chen, 2000; Duanmu,
1995), the added complexity in ShaoxingWu presents an important opportunity
to evaluate whether stress-based accounts can accommodate this distinction, or
whether alternative analyses are required.

Taken together, these complex patterns suggest Shaoxing Wu as an inter-
esting test case for investigating the relationship between tone and stress. It
should be noted, however, that existing observations are based primarily on
impressionistic descriptions for documentation purposes. Therefore, these pat-
terns require further verification through acoustic analysis, and systematic ex-
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perimental investigation is needed to understand whether stress can offer con-
sistent accounts of sandhi patterns across different domains.

Against this background, the current studies addressed the following re-
search questions with controlled experiments. To establish an empirical foun-
dation, we first examined whether left- and right-dominant sandhi patterns co-
exist at the word level (RQ1). As an initial attempt of seeking independent
evidence of stress, we also investigated whether words with different sandhi
dominance differ in their durational patterns (RQ2). Building on these findings,
we then examined whether stress can consistently account for sandhi patterns
across different domains. At the compound level, we investigated whether tri-
syllabic sandhi patterns align with stress-based predictions derived from disyl-
labic patterns. Since asymmetric sandhi domain formation between 1+2 and
2+1 compounds has been cited as supporting evidence for stress in Shang-
hai Wu, yet remains underexplored in Shaoxing Wu, we examined whether
and how these compound structures differ in sandhi domain formation (RQ3).
We further investigated tonal realizations in trisyllabic compounds, specifically
whether non-initial tones are preserved in some tonal contexts as stress-based
accounts would predict, or neutralized as impressionistic descriptions have sug-
gested (RQ4). At the phrasal level, we focused on the reported VO-SP distinc-
tion. We examined whether this distinction can be confirmed acoustically and
discussed whether it can be accommodated within stress-based accounts (RQ5).
We further investigated whether the distinction extends to phrases with disyl-
labic initial constituents, which could shed light on its underlying nature (RQ6).

Through acoustic analysis of tone sandhi across words, compounds, and
phrases in Shaoxing Wu, and systematic investigation of whether stress of dif-
ferent levels can consistently account for these patterns, this dissertation seeks
independent evidence for stress in a dialect with complex sandhi, thereby ad-
dressing both the typological and methodological limitations of previous re-
search. The findings will advance our understanding of the generalizability of
stress-based accounts and offer broader insights into the mechanisms underly-
ing complex tone sandhi patterns.
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1.4 Outline

This dissertation investigates whether stress-based accounts can adequately ex-
plain the complex sandhi patterns in Shaoxing Wu Chinese. Specifically, it
progressively evaluates whether stress can account for tone sandhi in words,
compounds, and phrases, and if not, consider alternative analyses.

Chapter 2 lays the empirical foundation by investigating disyllabic tone
sandhi at the word level. It first examines whether left- and right-dominant
sandhi patterns coexist (RQ1), then explores whether different dominance
types show systematic durational differences that could serve as independent
phonetic correlates of stress (RQ2). Building on these results, Chapter 3 turns
to trisyllabic compounds. It investigates whether sandhi domain formation
in 2+1 vs. 1+2 structures differs in ways predicted by stress-based analyses
(RQ3), and whether tonal realizations, particularly the preservation or neu-
tralization of non-initial tones, conform to stress-based expectations (RQ4).
Chapter 4 shifts the focus to the phrasal level, examining the reported VO-SP
distinction. It first tests acoustically whether this distinction is robust (RQ5),
and then evaluates whether it extends to phrases with disyllabic initial con-
stituents (RQ6), thereby probing its theoretical implications. Finally, Chapter
5 synthesizes the findings across different domains, discusses their theoretical
implications, and outlines directions for future research.





CHAPTER2

Coexisting left- and right-dominant sandhi in disyllabic
words1

2.1 Introduction

Tone sandhi patterns in Sinitic varieties are traditionally categorized as left-
dominant or right-dominant, depending on which syllable preserves its under-
lying tone (M. Y. Chen, 2000; Yue-Hashimoto, 1987; J. Zhang, 2007, see Chap-
ter 1 for more details). In line with a cross-linguistic tendency (e.g., Gruber,
2011; Potisuk et al., 1994), this distinction has been widely explained with
stress: stressed syllables are assumed to preserve their underlying tones, while
unstressed syllables undergo tonal changes (e.g., M. Y. Chen, 2000; Duanmu,
1993, 1995). The stress-based account has been influential, and proposed as
a general analytical framework for tone sandhi across diverse Sinitic varieties
(e.g., Duanmu, 2000, 2005).

1A short version of this chapter has been published as: Wen, X., Chen, Y., & Cheng, L. L.-S.
(2023). Disyllabic Tone Sandhi Patterns in Shaoxing Wu Chinese. In Proceedings of the 20th
International Congress of Phonetic Sciences, 1965–1969.
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Notably, recent research has increasingly reported dialects with both left-
and right-dominant sandhi at the word level (e.g., Kuang et al., 2018; Rose &
Yang, 2024; Shen & Rose, 2016). These sandhi patterns expand the empirical
landscape beyond the traditional dichotomy, and offer important test cases for
evaluating whether stress-based accounts can equally explain complex sandhi
patterns, thus maintaining their claimed generalizability. In the current study,
we investigated Shaoxing Wu Chinese, a dialect reported to exhibit such com-
plexity (Wang, 1959, 2015). Through controlled experiments on disyllabic tone
sandhi patterns, we aim to first examine whether acoustic data confirm the co-
existence of left- and right-dominance in this dialect, and further explore the
potential interaction between complex tone sandhi and stress.

Shaoxing Wu Chinese is a Northern Wu dialect with eight lexical tones,
i.e., four different contours in both high and low pitch registers (e.g., Wang,
2008; J. Zhang, 2006, see also Chapter 1). Impressionistic studies have shown
that, different from the typical left-dominant pattern characteristic of Northern
Wu, tone sandhi of disyllabic words in Shaoxing Wu are conditioned by the
underlying tones of both the initial and final syllables. Table 2.1 summarized
Wang (2015)’s transcriptions of disyllabic tone sandhi patterns. The row head-
ers indicate the underlying tone of the initial syllable, and the column headers
indicate that of the final syllable.

Table 2.1: Transcriptions of disyllabic tone sandhi patterns in Shaoxing Wu.

Initial Tone
Final Tone T1 T2 T3 T4 T5 T6 T7 T8

T1 (High Falling; 52) 33-52 33-55 33-5
T2 (Low Falling; 231) 11-52 11-55 33-5
T3 (High Rising; 335) 335-52 335-54
T4 (Low Rising; 113) 115-52 115-54
T5 (High Level; 33) 33-33 33-3
T6 (Low Level; 11) 11-11 11-1
T7 (High Checked; 45) 3-52 3-55 3-5
T8 (Low Checked; 23) 1-52 1-55 1-5
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As shown in Table 2.1, in words starting with Rising and Level tones (rows
T3 to T6), tone sandhi patterns are solely determined by the initial tones.2 This
resembles the typical left-dominant sandhi pattern, although the sandhi con-
tours are not identical to the initial tone in words starting with Rising tones.
In words starting with Falling and Checked tones (rows T1 to T2 and T7 to
T8), however, the sandhi contours are conditioned by the final tones as well.
Specifically, underlying Falling, Level, and Checked tones on the final syllable
preserve their underlying forms, which seems to resemble the right-dominant
sandhi pattern. In other words, Shaoxing Wu exhibits features of both left- and
right-dominant tone sandhi.

Such complex sandhi patterns make Shaoxing Wu an ideal lens for explor-
ing the relationship between tone and stress. Nonetheless, these observations
still need to be verified with controlled acoustic experiments, particularly on
whether and how each syllable preserves its underlying tones. Up until now,
the descriptions of disyllabic tone sandhi patterns in Shaoxing Wu are mainly
based on auditory impressions (Wang, 1959, 2015; J. Zhang, 2006). Although
in a cross-dialectal study, Kuang et al. (2018) reported examples of tone sandhi
patterns in Shaoxing Wu with f0 data, they focused on general principles of
tone sandhi implementation, leaving dialect-specific details of tonal preserva-
tion and neutralization underexplored. Moreover, in Wu dialects, tonal preser-
vation sometimes cannot be straightforwardly observed, as it can be the contour
rather than the whole tone that is preserved (Rose & Yang, 2024). Kuang et al.
(2018) also noted that in Northern Wu, the initial syllables tend to neutralize
contours while the non-initial syllables neutralize registers. It is thus important
to examine the tonal behaviors on registers and contours separately to better
understand whether and how each syllable preserves its underlying tonal fea-
tures.

Against the above background, the current study first addressed the fol-
lowing research question with a controlled experiment, in order to establish

2The difference between words ending with T7 or T8 and the rest is due to the distinction
between non-checked and checked tones.
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an empirical foundation for evaluating stress-based accounts of complex tone
sandhi:

RQ1: Are both left- and right-dominant tone sandhi patterns
present in disyllabic words of Shaoxing Wu Chinese? Specifi-
cally, are register and/or contour of both initial and final syllables
preserved?

Building on the findings of RQ1, we explored the potential relationship be-
tween the complex tone sandhi (if observed) and stress. Crucially, we examined
whether different sandhi dominance patterns are stress-conditioned by seeking
independent evidence for stress, rather than assuming the existence of stress
and inferring its location solely from tonal behaviors. Although the latter is
commonly adopted in previous studies accounting for tone sandhi with stress,
the purported stress usually lacks supporting evidence beyond tonal patterns
themselves (as discussed in Chapter 1). This differs from tonal languages with
a well-attested stress system, where stress can be identified through indepen-
dent acoustic correlates (e.g., Everett, 1998; Potisuk et al., 1996), and leads to
a circular reasoning: tonal preservation and neutralization are used to identify
stressed and unstressed syllables, while stress is at the same time invoked to
explain these same tonal patterns. To avoid this circular form of argumenta-
tion, experimental investigation of stress correlates beyond tonal behaviors is
necessary. Given that duration has emerged as the most widespread and robust
indicator of stress cross-linguistically (Gordon & Roettger, 2017), the current
study further addressed the following research question:

RQ2: If both sandhi dominance patterns coexist, is their difference
stress-conditioned? Specifically, do words undergoing left- and
right-dominant tone sandhi patterns differ in durational patterns?

Acoustic data from disyllabic words were collected. Specifically, we
zoomed into words starting and ending with underlying Falling and Rising
tones for the following reasons. First, based on impressionistic descriptions,
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disyllabic words starting with underlying Falling and Rising tones seem to
undergo right- and left-dominant sandhi respectively. Second, compared with
level and checked tones, it is easier to observe tonal preservation or neutraliza-
tion on syllables with underlying contour tones.

To address RQ1, we examined the effects of underlying register and contour
of initial (𝜎1) and final syllables (𝜎2) on the disyllabic f0 trajectories. If both
left- and right-dominant sandhi patterns coexist, the register and/or contour of
both 𝜎1 and 𝜎2 are expected to have significant effects. To address RQ2, we
investigated the effect of sandhi dominance, syllable position (𝜎1 vs. 𝜎2), and
their interaction on syllable duration. If the distinction in sandhi dominance
is stress-conditioned, we would expect words undergoing left-dominant and
right-dominant sandhi to receive word stress on 𝜎1 and 𝜎2 respectively, and
consequently a significant interaction between sandhi dominance and syllable
position. Considering that stressed syllables tend to exhibit longer duration than
their unstressed counterparts (e.g., Arvaniti, 2000; Fry, 1955; Sluijter & Van
Heuven, 1996), 𝜎1 is expected to be longer than 𝜎2 in words undergoing left-
dominant sandhi, and vice versa in those undergoing right-dominant sandhi.

In doing so, we hope to provide a more nuanced picture of the left- and
right-dominant tone sandhi patterns by adding to acoustic evidence of their co-
existence, and further explore the potential link between tone sandhi and stress
through exploring independent evidence for stress in a dialect with complex
tone sandhi patterns.

2.2 Methods

2.2.1 Participants

16 middle-aged native speakers of Shaoxing Wu were recruited as participants
of the current study (10 female and 6 male, mean age = 50.7, SD = 3.6). They
were all born and raised in the urban area of Shaoxing (i.e., Yuecheng district),
and use Shaoxing Wu frequently for daily communication. None of them re-
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ported difficulties in speaking or hearing.

2.2.2 Stimuli

The stimuli of the current study are disyllabic words varying in their tonal com-
binations. To examine whether and how registers and contours of𝜎1 and𝜎2 are
neutralized, the underlying tones of both syllables were controlled as follows:
for registers, both High and Low register tones were included; for contours,
Rising and Falling tones were included. Two different items were included for
each tonal combination, resulting in 32 tokens for each speaker (2 𝜎1 tonal reg-
isters × 2 𝜎1 tonal contours × 2 𝜎2 tonal registers × 2 𝜎2 tonal contours × 2
items; see Table A.1 in Appendix A for the full list). All of them are frequently
used in daily life as confirmed by a native speaker.3 The tonal combinations of
𝜎1 and 𝜎2 are summarized in Table 2.2.

Table 2.2: Tonal combinations of 𝜎1 and 𝜎2.

𝜎1 𝜎2
Register: High vs. Low High vs. Low
Contour: Falling vs. Rising Falling vs. Rising

2.2.3 Procedure

The recordings were conducted in a quiet room in Shaoxing, using a laptop
equipped with an external sound card (Cakewalk UA-G1) and a headset (Senn-
heiser PC150). Stimuli were displayed on the screen in a randomized order for
each participant using FieldPhon (Pan et al., 2015). Participants read the stimuli
aloud at a normal speech rate, which was recorded with 44 kHz sampling rate
and 16-bit rate. In total, 512 tokens were collected (32 tokens × 16 speakers).

3There is no corpus with word frequency available for Shaoxing Wu, so we could not calcu-
late the precise word frequency of the stimuli.
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2.2.4 Data preparation

Data from one male speaker were excluded from analysis due to creakiness in
most of the tokens produced. Another 52 tokens were excluded due to disflu-
ency or mistakes in production, as judged by a native speaker of Shaoxing Wu.
As a result, 428 tokens from 15 speakers were included for further analysis.
The sound files were manually segmented using Praat. f0 values in Hz were
extracted by taking ten equidistant points in the rime of each syllable and nor-
malized to within-speaker z-scores. Rime duration of each syllable was also
extracted.

2.2.5 Data analysis

To address RQ1, we examined how the register and contour of both 𝜎1 and 𝜎2
condition the f0 trajectory of the disyllabic word. Generalized Additive Mixed
Models (GAMMs; Wood, 2017) were applied to analyze f0 trajectories, as its
ability to model nonlinear effects alongside conventional linear patterns makes
it ideal for analyzing complex f0 trajectories, particularly in disyllabic words
and poly-syllabic sequences. We implemented GAMM in R (R Core Team,
2021) using the mgcv package. The dependent variable is the normalized f0
value of disyllabic words, and the independent variable a newly created factor
presenting the interaction between underlying tonal registers and contours of
𝜎1 and𝜎2 (i.e., with 16 levels: 2𝜎1 registers × 2𝜎1 contours × 2𝜎2 registers ×
2 𝜎2 contours). Factor smooths modelling non-linear differences over time for
each speaker and each itemwere included as random effects. To formally assess
the effects of underlying registers and contours of both syllables on the height
or shape of f0 trajectories separately, we re-specified the models with ordered-
factor difference smooths (following Wieling, 2018). As a supplement to the
formal analyses, we further generated difference curves between f0 trajectories
of disyllabic words to visualize where the compared curves differ significantly.

To address RQ2, we explored whether disyllabic words showing right- vs.
left-dominant sandhi patterns (i.e., starting with Falling vs. Rising tones) differ
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in syllable duration. We constructed linear mixed-effects models with the lme4
package in R (R Core Team, 2021). Tonal context (start with Falling vs. Rising
tone), syllable position (𝜎1 vs. 𝜎2), and their interaction were entered into the
models as fixed factors in a stepwise fashion. Since vowel height is known to in-
fluence duration (e.g., Peterson & Lehiste, 1960) but was not strictly controlled
in the current study,4 we also included it as an additional fixed factor to control
for potential confounding effects. Following J. Zhang and Meng (2016), the
vowel height is coded as High, Mid, or Low according to the lowest vocalic
element during the rime. By-speaker and by-item intercepts and slopes for the
effect of syllable position were included as random effects.

2.3 Results

2.3.1 f0 trajectories

Effect of 𝜎1

We first investigated the effect of 𝜎1 register and contour on the f0 trajectories
of disyllabic words. Fitted f0 trajectories of words ending with High Falling,
Low Falling, High Rising, and LowRising tones were plotted in Figure 2.1A-D.
As shown in each panel of Figure 2.1, the contrasts of register and contour are
preserved on 𝜎1 (before the vertical dashed lines). Underlyingly High register
tones are realized higher than Low register tones, and underlyingly Falling and
Rising tones differ in their surface contours: Falling tones surface with high
falling and low level pitch contours, while Rising tones surface with high level
and low rising contours. Zooming in on the f0 realizations of 𝜎2 (after the ver-
tical dashed lines), they are also conditioned by the underlying contour of 𝜎1,
specifically in words ending with Rising tones (Figure 2.1C-D): they surface
with falling contours after an initial Rising tone, and surface with level-ish con-
tours after a Falling tone.

4To come up with natural stimuli frequently used in daily life, it is not feasible to control the
segmental properties of disyllabic words.
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Figure 2.1: Fitted f0 trajectories of disyllabic words with the same underlying
tone on 𝜎2. Line types represent the register, colours the contour of 𝜎1, and
vertical dashed line syllable boundary.

The GAMM results reveal significant effects of both 𝜎1 register and con-
tour on the f0 trajectories of disyllabic words. Table 2.3 summarizes the para-
metric terms modelling constant differences between words starting with High
vs. Low register tones, while Table 2.4 provides the smooth terms modeling
their non-linear differences. Regardless of 𝜎1 contour or the tonal identity of
𝜎2, disyllabic words starting with High and Low register tones exhibit signifi-
cant differences in pitch height and shape. As for the effect of 𝜎1 contour, the
GAMM results summarized in Tables 2.5 and 2.6 show that, across tonal com-
binations, words starting with Falling and Rising tones differ significantly in
pitch shape but not in pitch height. In summary, 𝜎1 register significantly af-
fects both the height and shape of the f0 trajectories, while 𝜎1 contour has a
significant effect on shape alone.
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Table 2.3: Parametric terms modelling the constant difference between fitted f0
trajectories of disyllabic words with underlying High and Low register tones
on 𝜎1, indicating whether their overall heights differ significantly.

𝜎1.𝜎2 𝜎1 Register Estimate SE t value p value

F.HF H – L 0.678 0.254 2.670 0.015 *
R.HF H – L 0.597 0.248 2.404 0.032 *
F.LF H – L 0.705 0.236 2.978 0.006 **
R.LF H – L 0.913 0.256 3.567 < 0.001 ***
F.HR H – L 0.630 0.247 2.548 0.022 *
R.HR H – L 1.065 0.264 4.022 < 0.001 ***
F.LR H – L 0.773 0.250 3.087 0.004 **
R.LR H – L 0.902 0.233 3.871 < 0.001 ***

Table 2.4: Smooth terms modelling the non-linear difference between fitted f0
trajectories of disyllabic words with underlying High and Low register tones
on 𝜎1, indicating whether their shapes differ significantly.

𝜎1.𝜎2 𝜎1 Register edf Ref.df F value p value

F.HF H – L 2.631 3.034 5.882 0.001 ***
R.HF H – L 2.378 2.689 13.733 < 0.001 ***
F.LF H – L 1.000 1.001 12.717 0.001 ***
R.LF H – L 4.936 5.584 8.038 < 0.001 ***
F.HR H – L 2.155 2.427 7.101 0.001 ***
R.HR H – L 5.341 6.138 7.345 < 0.001 ***
F.LR H – L 3.168 3.615 6.363 < 0.001 ***
R.LR H – L 1.001 1.001 28.521 < 0.001 ***

To further understand whether 𝜎1 register affects the f0 trajectories of 𝜎1
only, or has any influence on 𝜎2 pitch realizations, we visualized the locations
of significant f0 differences due to 𝜎1 register. Difference curves between fit-
ted f0 trajectories of disyllabic words differing only in 𝜎1 register were plotted
in Figures 2.2 to 2.5. In each figure, the top panels are for words with underly-
ing Falling tones on 𝜎1, and the bottom panels for those with Rising tones. The
left panels show fitted f0 trajectories of words starting with High (dotted line)
and Low (solid line) register tones, while the right panels show their estimated
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Table 2.5: Parametric terms modelling the constant difference between fitted
f0 trajectories of disyllabic words with underlying Falling and Rising tones on
𝜎1.

𝜎1.𝜎2 𝜎1 Contour Estimate SE t value p value

H.HF F – R -0.302 0.261 -1.159 0.493 n.s.
L.HF F – R -0.363 0.257 -1.409 0.317 n.s.
H.LF F – R -0.075 0.260 -0.288 1 n.s.
L.LF F – R 0.034 0.259 0.130 1 n.s.
H.HR F – R -0.296 0.265 -1.114 0.531 n.s.
L.HR F – R 0.198 0.258 0.768 0.885 n.s.
H.LR F – R -0.014 0.256 -0.056 1 n.s.
L.LR F – R 0.086 0.258 0.332 1 n.s.

Table 2.6: Smooth terms modelling the non-linear difference between fitted f0
trajectories of disyllabic words with underlying Falling and Rising tones on𝜎1.

𝜎1.𝜎2 𝜎1 Contour edf Ref.df F value p value

H.HF F – R 6.099 6.831 5.162 < 0.001 ***
L.HF F – R 5.414 6.107 4.114 0.001 ***
H.LF F – R 7.390 7.941 6.864 < 0.001 ***
L.LF F – R 7.516 7.997 5.981 < 0.001 ***
H.HR F – R 4.884 5.530 10.001 < 0.001 ***
L.HR F – R 5.820 6.518 4.758 < 0.001 ***
H.LR F – R 5.060 5.688 8.342 < 0.001 ***
L.LR F – R 7.318 7.827 5.913 < 0.001 ***

difference. The pointwise 95%-confidence interval is shown by a shaded band,
with areas of significant difference from zero marked by a red-shaded back-
ground. Across all cases, the estimated f0 difference is significantly different
from zero in the first half of the normalized time domain but is not significantly
different in the second half. This indicates that𝜎1 register only affects the pitch
realization of 𝜎1 but not 𝜎2.
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Figure 2.2: Effect of𝜎1 register (High or Low) on the f0 trajectory of disyllabic
words with underlying High Falling tones on 𝜎2. Top panels: Fitted f0 trajec-
tories of disyllabic words with High Falling vs. Low Falling tones on 𝜎1 (left)
and their difference (right). Bottom panels: Fitted f0 trajectories of disyllabic
words with High Rising vs. Low Rising tones on 𝜎1 (left) and their difference
(right).
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Figure 2.3: Effect of𝜎1 register (High or Low) on the f0 trajectory of disyllabic
words with underlying Low Falling tones on 𝜎2.
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Figure 2.4: Effect of𝜎1 register (High or Low) on the f0 trajectory of disyllabic
words with underlying High Rising tones on 𝜎2.
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Figure 2.5: Effect of𝜎1 register (High or Low) on the f0 trajectory of disyllabic
words with underlying Low Rising tones on 𝜎2.
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Similarly, we visualize which parts of the f0 trajectories significantly differ
as a function of 𝜎1 contour. Difference curves between fitted f0 trajectories of
disyllabic words differing only in 𝜎1 contour were plotted in Figures 2.6 to
2.9. In each figure, the top panels are for words with High register tones on 𝜎2,
and the bottom panels for those with Low register tones. The left panels show
fitted f0 trajectories of words ending with underlying Falling (blue) and Rising
(red) tones, while the right panels show their estimated difference. There are
variations in the locations of significant differences, ranging from the middle
area of the normalized time window (e.g., Figure 2.6), to short intervals in
both the first and second half of the normalized time window (e.g., Figure 2.9).
This suggests that, unlike 𝜎1 register, the effect of 𝜎1 contour influences the
f0 trajectory across the entire disyllabic word.
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Figure 2.6: Effect of 𝜎1 contour (Falling or Rising) on the f0 trajectory of di-
syllabic words with underlying High Falling tones on 𝜎2. Top panels: Fitted
f0 trajectories of disyllabic words starting with High Falling vs. High Rising
tones (left) and their difference (right). Bottom panels: Fitted f0 trajectories of
disyllabic words starting with Low Falling vs. Low Rising tones (left) and their
difference (right).
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Figure 2.7: Effect of 𝜎1 contour (Falling or Rising) on the f0 trajectory of di-
syllabic words with underlying Low Falling tones on 𝜎2.
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Figure 2.8: Effect of 𝜎1 contour (Falling or Rising) on the f0 trajectory of di-
syllabic words with underlying High Rising tones on 𝜎2.
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Figure 2.9: Effect of 𝜎1 contour (Falling or Rising) on the f0 trajectory of di-
syllabic words with underlying Low Rising tones on 𝜎2.

Effect of 𝜎2

To illustrate the effect of 𝜎2 register and contour, we re-plotted fitted f0 tra-
jectories by presenting words starting with the same tone in the same panel of
Figure 2.10. Figure 2.10 illustrates that the f0 realizations of𝜎1 are neither con-
ditioned by the underlying register nor the contour of 𝜎2: High Falling, Low
Falling, High Rising, and Low Rising tones surface with high falling, low level,
high level, and low rising pitch contours respectively, regardless of the tonal
identities of their following syllables. As for the f0 realizations of 𝜎2, the un-
derlying registers of 𝜎2 seem to be neutralized: in each panel, underlyingly
High register and Low register tones surface alike. Regarding the effect of 𝜎2
contour, however, there is a sharp contrast between words starting with underly-
ingly Falling (Figure 2.10A-B) and Rising tones (Figure 2.10C-D). Following
a Falling tone, the contours of 𝜎2 appear to be preserved to some extent by
visual inspection. After a Rising tone, 𝜎2 seems to be neutralized to a falling
contour.
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Figure 2.10: Fitted f0 trajectories of disyllabic words with the same underlying
tone on 𝜎1. Line types and colours represent the register and contour of 𝜎2
respectively.

The GAMM results are presented in Tables 2.7 to 2.10. Tables 2.7 and 2.8
confirm that disyllabic words ending with High and Low register tones show
no significant differences in pitch height, and in most cases (except when fol-
lowing underlyingly Low Falling tones), they do not differ in their pitch shape.
In other words, 𝜎2 register shows no significant effect on f0 trajectories. Re-
garding the effect of 𝜎2 contour, as summarized in Tables 2.9 and 2.10, words
ending with Falling and Rising tones do not differ significantly in pitch height,
nor in pitch shape when following Rising tones. When following Falling tones,
however, they differ significantly in the pitch shape. In short, 𝜎2 contour had
a significant effect on the pitch shape, but only when following Falling tones.
This finding aligns with our observations of the contrast between words starting
with underlying Falling and Rising tones.
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Table 2.7: Parametric terms modelling the constant difference between fitted f0
trajectories of disyllabic words with underlying High and Low register tones
on 𝜎2.

𝜎1.𝜎2 𝜎2 Register Estimate SE t value p value

HF.F H – L -0.078 0.253 -0.310 1 n.s.
HR.F H – L 0.114 0.231 0.494 1 n.s.
LF.F H – L -0.028 0.256 -0.108 1 n.s.
LR.F H – L 0.291 0.232 1.253 0.421 n.s.
HF.R H – L -0.155 0.232 -0.668 1 n.s.
HR.R H – L 0.200 0.259 0.772 0.880 n.s.
LF.R H – L 0.109 0.254 0.432 1 n.s.
LR.R H – L 0.009 0.232 0.037 1 n.s.

Table 2.8: Smooth terms modelling the non-linear difference between fitted f0
trajectories of disyllabic words with underlying High and Low register tones
on 𝜎2.

𝜎1.𝜎2 𝜎2 Register edf Ref.df F value p value

HF.F H – L 2.199 2.531 0.870 0.865 n.s.
HR.F H – L 1.001 1.001 0.074 1 n.s.
LF.F H – L 7.606 8.077 3.338 0.002 **
LR.F H – L 1.002 1.002 0.256 1 n.s.
HF.R H – L 1.000 1.000 1.054 0.610 n.s.
HR.R H – L 2.901 3.372 1.404 0.481 n.s.
LF.R H – L 7.444 7.951 2.411 0.026 *
LR.R H – L 1.000 1.000 0.223 1 n.s.

We further visualize which parts of the f0 trajectories significantly differ
as a function of 𝜎2 register and 𝜎2 contour. Difference curves between fitted
f0 trajectories of disyllabic words differing only in 𝜎2 register were plotted in
Figures 2.11 to 2.14. Across all cases, the estimated f0 difference is not sig-
nificantly different from zero throughout the time domain, indicating that 𝜎2
register does not affect pitch realizations of 𝜎1 or 𝜎2. Figures 2.15 to 2.18 vi-
sualize difference curves between fitted f0 trajectories of words differing only
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Table 2.9: Parametric terms modelling the constant difference between fitted
f0 trajectories of disyllabic words with underlying Falling and Rising tones on
𝜎2.

𝜎1.𝜎2 𝜎2 Contour Estimate SE t value p value

HF.H F – R -0.082 0.251 -0.329 1 n.s.
HR.H F – R -0.018 0.237 -0.074 1 n.s.
LF.H F – R -0.176 0.248 -0.711 0.955 n.s.
LR.H F – R 0.321 0.227 1.413 0.315 n.s.
HF.L F – R 0.030 0.250 0.121 1 n.s.
HR.L F – R 0.043 0.241 0.178 1 n.s.
LF.L F – R -0.033 0.247 -0.134 1 n.s.
LR.L F – R 0.041 0.229 0.180 1 n.s.

Table 2.10: Smooth terms modelling the non-linear difference between fitted
f0 trajectories of disyllabic words with underlying Falling and Rising tones on
𝜎2.

𝜎1.𝜎2 𝜎2 Contour edf Ref.df F value p value

HF.H F – R 6.904 7.612 5.660 < 0.001 ***
HR.H F – R 1.000 1.000 0.023 1 n.s.
LF.H F – R 6.573 7.275 5.648 < 0.001 ***
LR.H F – R 1.000 1.001 0.061 1 n.s.
HF.L F – R 7.389 8.000 10.608 < 0.001 ***
HR.L F – R 2.542 2.898 1.841 0.338 n.s.
LF.L F – R 7.394 7.944 7.217 < 0.001 ***
LR.L F – R 1.000 1.000 0.651 0.840 n.s.

in 𝜎2 contour. In words starting with Rising tones (Figures 2.17 and 2.18), 𝜎2
contour does not affect pitch realizations of 𝜎1 or 𝜎2 either. In those starting
with Falling tones (Figures 2.15 and 2.16), however, the estimated f0 difference
is significantly different from zero in the second half of the normalized time
domain, though not in the first half. This indicates that 𝜎2 contour only affects
the pitch realization of 𝜎2 in words starting with Falling tones.



34 Phantom stress in tone sandhi

-2

-1

0

1

2

Normalized time

F
it
te

d
 f

0
 (

z
-s

c
o

re
)

σ2 Register High Low

σ1: HF; σ2: HF v.s. LF

-2

-1

0

1

2

Normalized time

E
s
t.

 d
iff

e
re

n
c
e

Significant FALSE

HF.HF - HF.LF

-2

-1

0

1

2

Normalized time

F
it
te

d
 f

0
 (

z
-s

c
o

re
)

σ2 Register High Low

σ1: HF; σ2: HR v.s. LR

-2

-1

0

1

2

Normalized time

E
s
t.

 d
iff

e
re

n
c
e

Significant FALSE

HF.HR - HF.LR

Figure 2.11: Effect of 𝜎2 register (High or Low) on the f0 trajectory of disyl-
labic words with underlying High Falling tones on 𝜎1. Top panels: Fitted f0
trajectories of disyllabic words ending with High Falling vs. Low Falling tones
(left) and their difference (right). Bottom panels: Fitted f0 trajectories of di-
syllabic words ending with High Rising vs. Low Rising tones (left) and their
difference (right).
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Figure 2.12: Effect of 𝜎2 register (High or Low) on the f0 trajectory of disyl-
labic words with underlying Low Falling tones on 𝜎1.
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Figure 2.13: Effect of 𝜎2 register (High or Low) on the f0 trajectory of disyl-
labic words with underlying High Falling tones on 𝜎1.
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Figure 2.14: Effect of 𝜎2 register (High or Low) on the f0 trajectory of disyl-
labic words with underlying Low Rising tones on 𝜎1.
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Figure 2.15: Effect of 𝜎2 contour (Falling or Rising) on the f0 trajectory of
disyllabic words with underlying High Falling tones on 𝜎1. Top panels: Fitted
f0 trajectories of disyllabic words ending with High Falling vs. High Rising
tones (left) and their difference (right). Bottom panels: Fitted f0 trajectories of
disyllabic words ending with Low Falling vs. Low Rising tones (left) and their
difference (right).
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Figure 2.16: Effect of 𝜎2 contour (Falling or Rising) on the f0 trajectory of
disyllabic words with underlying Low Falling tones on 𝜎1.
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Figure 2.17: Effect of 𝜎2 contour (Falling or Rising) on the f0 trajectory of
disyllabic words with underlying High Rising tones on 𝜎1.
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Figure 2.18: Effect of 𝜎2 contour (Falling or Rising) on the f0 trajectory of
disyllabic words with underlying Low Rising tones on 𝜎1.
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In sum, our results on f0 suggest that the disyllabic sandhi patterns in Shaox-
ingWu are conditioned by both the underlying tones of𝜎1 and𝜎2, with register
and contour showing different effects. In general, 𝜎1 tone plays a more impor-
tant role: 𝜎1 contour affects the f0 shape of both syllables, thus conditioning
the disyllabic tone sandhi patterns, though𝜎1 does not necessarily surface with
its underlying contours; 𝜎1 register affects the f0 height and shape of 𝜎1 alone,
with underlying high register tones realized higher than low register tones, sug-
gesting register preservation on 𝜎1. As for the effect of 𝜎2 tone, there is a
distinction between words starting with Falling vs. Rising tones: in the former
case, 𝜎2 contour conditions the f0 shape of 𝜎2, with underlying Falling and
Rising contours surfacing with falling and levelish rising contours respectively,
suggesting contour preservation on 𝜎2; in the latter case, no effect of 𝜎2 con-
tour has been observed. In both cases, 𝜎2 register has no effect on f0 height or
shape on either syllable.

2.3.2 Duration

The rime durations of 𝜎1 and 𝜎2 in words starting with Falling vs. Rising tones
are plotted in Figure 2.19. In both conditions, 𝜎2 has a longer duration than 𝜎1,
though the magnitude of 𝜎2 lengthening seems larger in words starting with
Falling tones.

The final linear mixed-effects model included the fixed effects for tonal
context (words starting with Falling vs. Rising tones) and syllable position
(𝜎1 vs. 𝜎2), their interaction, as well as random intercepts and slopes for
speaker and item. Specifically, rime durations were significantly longer in
words starting with Falling tones than in those starting with Rising tones
(𝛽 = −33.65, 𝑆𝐸 = 10.18, 𝑡 = −3.30, 𝑝 = 0.002), and 𝜎2 was significantly
longer than 𝜎1. The interaction between tonal context and syllable position
was significant (𝛽 = 66.36, 𝑆𝐸 = 10.64, 𝑡 = 6.24, 𝑝 < 0.001): the mean
duration of 𝜎2 was significantly longer than that of 𝜎1 in both words starting
with Falling (𝛽 = −37.69, 𝑆𝐸 = 9.97, 𝑡 = −3.78, 𝑝 < 0.001) and Rising tones
(𝛽 = 28.68, 𝑆𝐸 = 10.62, 𝑡 = 2.70, 𝑝 = 0.011), and the lengthening of 𝜎2
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was more pronounced in words starting with Falling tones compared to those
starting with Rising tones.
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Figure 2.19: Rime durations of 𝜎1 and 𝜎2 in words starting with Falling vs.
Rising tones. The error bars represent the standard deviation, and the outlines
of the violin plot indicate the kernel probability density.

2.4 Discussion

The present study aims to elucidate the potential interaction between tone
sandhi and stress with experimental data from Shaoxing Wu Chinese, a dialect
with complex tone sandhi patterns.

Our first research question examines whether both left- and right-dominant
sandhi coexist at the word level in Shaoxing Wu. We investigated whether the
underlying tones of 𝜎1 and 𝜎2 are preserved by examining the effects of their
registers and contours on the disyllabic f0 trajectories. Our results show that
on 𝜎1, the underlying register is preserved, and the contour contrast is also
preserved, though via conditioning the surface forms which are not identical
to the underlying contours. On 𝜎2, the underlying register is neutralized; the
contour is preserved after an initial underlying Falling tone, but neutralized
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after a Rising tone.
The findings suggest that both left- and right-dominant tone sandhi patterns

are present in Shaoxing Wu. Specifically, in words starting with Rising tones,
the sandhi contours are exclusively determined by 𝜎1 tones, with 𝜎2 tones
completely neutralized (see Figure 2.10C-D), which is characteristic of left-
dominant sandhi patterns. Conversely, in words starting with Falling tones, 𝜎1
surfaces with a level contour instead of the underlying falling contour, while
𝜎2 can maintain their underlying contours (see Figure 2.10A-B), which can be
regarded as right-dominant. The observed tone sandhi pattern thus offers amore
nuanced picture of the left- vs. right-dominant sandhi distinction by providing
new empirical evidence of their coexistence in the same dialect, and lays a solid
foundation for further discussion on potential tone-stress interaction in dialects
with complex tone sandhi patterns.

On a side note, our findings reveal that register and contour can behave in-
dependently of each other in Shaoxing Wu, which has theoretical implications
for the structural relationship between register and contour. The structural rela-
tionship between the two has been a long-debated issue, with different models
proposed on tonal representations (e.g., Bao, 1999; Yip, 1989). These models
differ in their predictions of whether tonal pitch register and contour are inde-
pendent or interdependent. As shown in our results, registers can be preserved
when contours undergo changes (e.g., 𝜎1 in Figure 2.1A), while contours can
be maintained despite register neutralization (e.g., 𝜎2 in Figure 2.10A). The
patterns in Shaoxing Wu thus contradict the idea that tonal register dominates
tonal contour, and add to existing evidence on the independence of tonal regis-
ter and contour (e.g., Bao, 1999).

Our second research question investigates whether the observed difference
in sandhi dominance patterns is stress-conditioned. If so, words undergoing
left-dominant and right-dominant sandhi should receive word stress on 𝜎1 and
𝜎2 respectively. Under the assumption that stress correlates with duration (see
Section 2.1), we would expect 𝜎1 to be longer than 𝜎2 in words undergoing
left-dominant sandhi, and vice versa in those undergoing right-dominant sandhi.
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Yet, no such differences were observed.We found that𝜎2 is significantly longer
than 𝜎1, be it in words undergoing left- or right-dominant sandhi (see Figure
2.19). In other words, the findings lend no support to the relationship between
sandhi dominance and stress.

Having said that, there is a significant interaction between syllable posi-
tion and sandhi dominance, which might lead to alternative interpretations of
the durational patterns. The effect of syllable position on duration is smaller
in words undergoing left-dominant sandhi than in right-dominant sandhi (Fig-
ure 2.19). Given that our stimuli were not embedded in carrier sentences, one
might attribute the longer 𝜎2 to final lengthening effects, and interpret the re-
duced positional effect in left-dominant sandhi as evidence for stress on𝜎1. Yet,
this interpretation assumes that final lengthening effects outweigh stress effects
in Chinese, which is challenged by previous research: Guo and Chen (2022)
found in a cross-dialectal study that, in dialects with left-dominant sandhi, 𝜎2
in disyllabic words is shorter than or equal to 𝜎1, even though produced in iso-
lation and subject to final lengthening. Future studies with stimuli in non-final
positions within carrier sentences could help disentangle the effects of final
lengthening and stress.

Taken together, our findings demonstrate the coexistence of left- and right-
dominant sandhi patterns in ShaoxingWu, and suggest no straightforward dura-
tional evidence for the existence of stress that could have explained the distinc-
tion in sandhi dominance. This calls for a more cautious approach to analyzing
tone sandhi patterns: the practice of attributing sandhi patterns to tone-stress
interaction, while validated in some languages, should not be taken as a given
without careful empirical investigation. This caution is particularly warranted
given cross-linguistic evidence that even closely-related languages can differ
in whether they have word stress or not. For example, while Papuan and Am-
bonese Malay are both Trade Malay varieties traditionally described as having
penultimate stress (Paauw, 2008), recent acoustic studies found no word stress
in Ambonese Malay (Maskikit-Essed & Gussenhoven, 2016) but confirmed its
presence in PapuanMalay (Kaland, 2019). Accounting for tone sandhi patterns
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with stress thus requires rigorous evidence for stress in each specific language
under investigation.

The lack of evidence for stress raises a more fundamental question: what
mechanisms underlie the observed distinction in sandhi dominance patterns?
Although our findings cannot provide a definitive answer, cross-dialectal pat-
terns in NorthernWu suggest that historical factors merit consideration. Specif-
ically, several Wu dialects — Xinzhuang, Zhuji (Kuang et al., 2018), and Jin-
shan (Rose & Yang, 2024) — share a common feature: words with initial syl-
lables from the Ping historical tonal category exhibit sandhi patterns condi-
tioned by non-initial syllables. This aligns with our observations in Shaoxing
Wu: right-dominant sandhi occurs inwords beginningwith Falling tones, which
belong to the Ping category as well. In other words, there might be a relation-
ship between the historical tonal category of the initial syllable and the sandhi
dominance pattern, though further investigation across Wu dialects is needed
to assess its generalizability.

2.5 Conclusion

To conclude, the study reported in this chapter advances our understanding
of the potential tone-stress interaction in Sinitic varieties by examining com-
plex tone sandhi patterns and seeking independent evidence of stress, moving
beyond previous approaches that focused primarily on typical left- or right-
dominant patterns and relied mainly on tonal patterns for stress inference.
Through a detailed investigation of disyllabic tone sandhi patterns at the word
level in Shaoxing Wu Chinese, we reveal the coexistence of left- and right-
dominant sandhi. Importantly, we find no compelling durational evidence that
this distinction in sandhi dominance is conditioned by stress, and encourage
a more scrutinized view towards the stress-based account for tone sandhi
patterns in Sinitic varieties.

Several limitations of this study point to promising directions for future re-
search. As discussed earlier, our durational analysis was limited to disyllabic
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words in isolation, where potential stress effects might be obscured by final
lengthening. Future studies should examine words in non-final positions within
carrier sentences to better control for position-specific effects. Moreover, while
we found no phonetic evidence of stress in Shaoxing Wu, the possibility re-
mains that stress might be phonetically void while still conditioning sandhi
domain formation through metrical processes. This hypothesis will be tested in
our subsequent analysis of compound data in Chapter 3.





CHAPTER3

Tonal realizations and sandhi domain formation in
trisyllabic compounds1

3.1 Introduction

The stress-based account of tone sandhi has gained considerable attention in the
literature on Sinitic varieties, with stressed syllables associated with preserv-
ing their underlying tones while unstressed syllables undergo tonal changes
or deletion (M. Y. Chen, 2000; Duanmu, 1992, 1993, 1995; Yue-Hashimoto,
1987, among others, see also Chapters 1 and 2). However, empirical support for
this account comes primarily from dialects with typical left- or right-dominant
sandhi patterns (e.g., M. Y. Chen, 2000; Duanmu, 1993, 1995, on ShanghaiWu
and Mandarin). Recent acoustic studies have brought previously understudied
dialects with complex sandhi patterns into view, where both left- and right-
dominance can be present at the word level (e.g., Kuang et al., 2018; Rose &

1A short version of this chapter has been published as: Wen, X., Chen, Y., & Cheng, L. L.-
S. (2024). Trisyllabic Tone Sandhi of Shaoxing Wu Chinese: Stress-conditioned, or Not? In
Proceedings of Speech Prosody 2024, 567–571.
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Yang, 2024; Shen & Rose, 2016). Along with the increasing visibility of these
mixed patterns arises an important question: can the notion of stress account
for these complex sandhi patterns equally well? Answers to this question will
further our understanding of how generalizable stress-based accounts of tone
sandhi are across Sinitic varieties.

To address this issue, experimental data from dialects with complex sandhi
patterns remain critically needed, particularly on domains beyond the tradi-
tional focus on disyllabic words. Up until now, very few studies on complex
sandhi patterns have directly examined their relationship with stress, with most
of them focusing on descriptively documenting the sandhi patterns (e.g., Shen
& Rose, 2016; Y. Shi et al., 2024; Ying, 2025). Among the limited investiga-
tions that have tapped into this issue, the picture remains incomplete due to
their restriction to disyllabic data. For instance, with acoustic data from disyl-
labic words, Wen et al. (2023) found no durational evidence for the existence
of stress in Shaoxing Wu, a Northern Wu dialect with complex tone sandhi pat-
terns (see also Chapter 2). Nonetheless, this finding may not definitively rule
out the stress-based account, as stress can sometimes be diagnosed even with-
out overt acoustic correlates (Beckman, 1986; Hayes, 1995). Shanghai Wu, a
Northern Wu dialect exhibiting canonical left-dominant sandhi, illustrates this
possibility: despite lacking conventional phonetic cues (Selkirk & Shen, 1990),
the postulation of stress can still be justified, as it provides coherent accounts of
tone sandhi across words and compounds of varying lengths (see M. Y. Chen,
2000; Duanmu, 1993, and see more details below). These insights would not
emerge if investigations were limited to disyllabic data alone. To fully under-
stand the potential relationship between complex sandhi patterns and stress,
empirical evidence from larger domains is needed.

In this chapter, we extend the investigation of Shaoxing Wu Chinese to
trisyllabic compounds, aiming to explore the interaction between complex tone
sandhi and stress in larger domains. Of particular interest is whether sandhi
domain formation and tonal realizations in trisyllabic compounds align with
stress-based predictions derived from disyllabic sandhi patterns. If so, this
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would serve as evidence for the presence of stress in Shaoxing Wu (despite its
phonetic elusiveness), and further support the broader applicability of stress-
based analyses to complex tone sandhi patterns. Otherwise, such investigations
would nonetheless contribute to a more comprehensive understanding of tone
sandhi patterns and inform possible alternative accounts. Given the limited
theoretical work on stress in Shaoxing Wu, we assume that stress (if present)
functions similarly as it does in Shanghai Wu, considering the close relation-
ship between the two dialects (i.e., both belong to the Northern Wu subgroup).
Below we first review the stress-based account of tone sandhi across disyl-
labic words and trisyllabic compounds in Shanghai Wu, before applying this
analysis to develop testable predictions for Shaoxing Wu.

In Shanghai Wu, left-headed stress has been assumed and adopted to ac-
count for its left-dominant sandhi pattern. Specifically, tone sandhi domain is
regarded as a left-headed stress foot, within which only stressed syllables can
preserve their underlying tones (e.g., M. Y. Chen, 2000; Duanmu, 1993, 1995).
Take the disyllabic word ‘Paris’ in (1) as an example (adapted fromM. Y. Chen,
2000, p. 308). The first syllable (hereinafter 𝜎1) receives word stress while the
second syllable (hereinafter 𝜎2) does not, forming a left-headed stress foot and
thus one tone sandhi domain. Only the stressed syllable 𝜎1 preserves its under-
lying tone, with 𝜎2 undergoing tonal deletion. The L tone decomposed from
the preserved HL tone further spreads to the unstressed syllable, resulting in
the left-dominant sandhi pattern.

(1) (x .) word stress
𝑝𝑎 𝑙𝑖 ‘Paris’
HL LH
(HL o) tone deletion
(H L) tone association

The effect of stress is more evident in compounds, where additional metri-
cal processes are involved in sandhi domain formation. In Shanghai Wu, 1+2
compounds (e.g., [red [wood bed]], ‘red wooden-bed’) consistently form one
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sandhi domain, while 2+1 compounds (e.g., [[red wood] bed], ‘red-wood bed’)
form either one or two sandhi domains (Duanmu, 1993). M. Y. Chen (2000)
proposed that this asymmetry reflects how sandhi domains are derived through
stress clash resolution and optional stress reduction, as illustrated with the dou-
blet ‘red wooden-bed’ and ‘red-wood bed’ in (2) below (adapted from M. Y.
Chen, 2000, p. 311). Under this account, in the 1+2 compound ‘[red [wood
bed]]’, both 𝜎1 (the only syllable of the first word) and 𝜎2 (the leftmost sylla-
ble of the second word) receive word stress, leading to stress clash. 𝜎1 further
receives compound stress as the only syllable of the leftmost word, forcing 𝜎2
to lose its word stress to resolve stress clash, as indicated in (2a). As a result,
the second word ends up headless, which is re-bracketed with 𝜎1 to form a
ternary foot. The 1+2 compound thus forms one single tone sandhi domain. In
contrast, no stress clash occurs in the 2+1 compound ‘[[red wood] bed]’: 𝜎1
(the leftmost syllable of the first word) and 𝜎3 (the only syllable of the second
word) receive word stress, which are not adjacent to each other. This results in
two separate feet and consequently two sandhi domains, as indicated in (2b).
Optionally, the two feet can be conflated into one due to stress reduction, re-
sulting in the alternative one-domain reading (see (2c)).

Apart from sandhi domain formation, the tonal realizations of trisyllabic
compounds also align with stress-based accounts. In (2a) and (2c), where the
trisyllabic compound forms one tone sandhi domain, only the stressed sylla-
ble (i.e., 𝜎1) preserves its underlying tone, paralleling the pattern in disyllabic
words. Specifically, the H tone from the preserved LH tone spreads to un-
stressed syllables in a left-to-right, one-to-one fashion, associating only with
the first unstressed syllable (i.e., 𝜎2). Consequently, 𝜎3 remains toneless and
surfaces with a default low tone (M. Y. Chen, 2000).
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(2) a. x compound stress x
(x) (x .) word stress (x . .) clash resolution
[hõ [moP zã]] ‘red wooden-bed’ → [hõ [moP zã]]
LH LH LH LH LH LH
(LH) (LH o) = * (LH o o) tone deletion

(L H o) tone association

b. x compound stress
(x .) (x) word stress
[[hõ moP] zã] ‘red-wood bed’
LH LH LH
(LH o) (LH) tone deletion
(L H) (LH) tone association

c. x compound stress x
(x .) (x) word stress (x . .) stress reduction
[[hõ moP] zã] ‘red-wood bed’ → [[hõ moP] zã]
LH LH LH LH LH LH
(LH o) (LH) tone deletion (LH o o) tone deletion
(L H) (LH) tone association (L H o) tone association

If this analysis extends to Shaoxing Wu, we would likewise expect consis-
tent effects of stress in disyllabic words and trisyllabic compounds. As reported
in Chapter 2, Shaoxing Wu demonstrates complex disyllabic tone sandhi sen-
sitive to tonal context. Specifically, in words starting with underlying Rising
tones (hereinafter [𝜎1𝑅 𝜎2]), the initial tones are preserved, with the final tones
neutralized; in words starting with Falling tones (hereinafter [𝜎1𝐹 𝜎2]), the ini-
tial tones are simplified, while the final tones are preserved. If these sandhi pat-
terns are stress-conditioned, they would imply that [𝜎1𝑅 𝜎2] are left-headed,
whereas [𝜎1𝐹 𝜎2] are right-headed. Under such a stress-based account, the po-
sition of word stress in Shaoxing Wu would therefore be conditioned by tonal
context, rather than being consistently left-headed as in ShanghaiWu.With this
added complexity, we expect (a) variations in sandhi domains conditioned by
both compound structure and underlying tones, and (b) the effect of both initial
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and non-initial tones on trisyllabic sandhi patterns, as elaborated on below.2

In 2+1 compounds, we expect the tonal identity of𝜎1 to condition the stress
position of the disyllabic word and consequently the sandhi domain formation.
When𝜎1 is a Falling tone (hereinafter [[𝜎1𝐹 𝜎2]𝜎3]),𝜎2 receives word stress,
and the adjacent 𝜎3 also receives word stress as the only syllable of the mono-
syllabic word (see (3a)), which leads to stress clash. 𝜎2 further receives com-
pound stress as the stressed syllable in the leftmost word, while the stress on𝜎3
is removed to resolve stress clash. [[𝜎1𝐹 𝜎2] 𝜎3] is thus expected to form one
sandhi domain. When 𝜎1 is a Rising tone (hereinafter [[𝜎1𝑅 𝜎2] 𝜎3]), how-
ever, 𝜎1 receives word stress and no stress clash arises (see (3b)). This yields
two separate feet and consequently two sandhi domains. Optionally, the two
feet may be conflated into one through optional stress reduction, resulting in
an alternative one-domain interpretation. In other words, [[𝜎1𝑅 𝜎2] 𝜎3] may
form one or two sandhi domains, depending on whether the optional stress re-
duction rule applies. Likewise, 1+2 compounds may form one or two sandhi
domains when 𝜎2 (i.e., the initial syllable of the disyllabic word) is a Falling
tone (see (4a)), and consistently form one sandhi domain when 𝜎2 is Rising
(see (4b)). Furthermore, with the predicted stress locations and the assumption
that stressed syllables can preserve their underlying tones, we expect to observe
preserved non-initial tones in some tonal combinations. Even if the preserved
tones are not fully realized due to the interaction with other tonal processes, we
would expect different sandhi patterns conditioned by non-initial contours.

2Althoughwe use LH andHL for rising and falling tones in ShanghaiWu examples following
M. Y. Chen (2000), we adopt R and F for Shaoxing Wu in (3) and (4) below. Since this study
does not focus on underlying phonological representations of these tones, the simplified notation
avoids unnecessary theoretical commitments while maintaining consistency with the phonetic
analysis in later sections.
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(3) a. x compound stress x
(. x) (x) word stress → (. x .) clash resolution
𝜎1𝐹 𝜎2 𝜎3 = * 𝜎1𝐹 𝜎2 𝜎3

b. x compound stress x
(x .) (x) word stress → (x . .) optional stress reduction
𝜎1𝑅 𝜎2 𝜎3 𝜎1𝑅 𝜎2 𝜎3

(4) a. x compound stress x
(x) (. x) word stress → (x . .) optional stress reduction
𝜎1 𝜎2𝐹 𝜎3 𝜎1 𝜎2𝐹 𝜎3

b. x compound stress x
(x) (x .) word stress → (x . .) clash resolution
𝜎1 𝜎2𝑅 𝜎3 = * 𝜎1 𝜎2𝑅 𝜎3

It should be noted that for simplicity, we assume left-headed compound
stress in ShaoxingWu throughout the analysis in (3) and (4). As we do not have
sufficient evidence indicating how compound stress is assigned in Shaoxing
Wu, right-headed compound stress remains a viable alternative. Either way, 2+1
and 1+2 compounds will differ in sandhi domain formation, and one of the non-
initial syllables will receive compound stress and consequently preserves its
underlying tone.

Nonetheless, empirical evidence from trisyllabic compounds that supports
the stress-based account is lacking in Shaoxing Wu. Up to now, little is known
about whether and how 2+1 and 1+2 compounds vary in sandhi domain forma-
tion. In impressionistic descriptions of trisyllabic tone sandhi patterns (Wang,
2015), both types of compounds were mixed in the same wordlist, and poten-
tial differences in their sandhi domain formation were not discussed. While
J. Zhang (2006, 2013) suggested that 2+1 and 1+2 compounds can vary in
sandhi domains, the evidence was limited to a few examples based on a sin-
gle speaker’s intuition. Solid evidence from multiple speakers is still in need
to verify these observations. Given that the stress-based account predicts varia-
tions in sandhi domains conditioned by both compound structure and underly-
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ing tones, controlled experiments systematically comparing 2+1 and 1+2 com-
pounds across different tonal combinations are needed.

More crucially, impressionistic studies suggest that trisyllabic tone sandhi
patterns are solely determined by the initial tone, with non-initial tones neutral-
ized (Wang, 2015). This contradicts our earlier stress-based prediction that non-
initial syllables would preserve their underlying tones in certain tonal combina-
tions (i.e., based on word stress patterns inferred from disyllabic tone sandhi).
In other words, there is a misalignment between the stress-based predictions of
disyllabic and trisyllabic sandhi patterns. Since such trisyllabic sandhi patterns
were only reported in impressionistic data, experimental evidence is needed
to verify these observations, particularly whether non-initial tones are indeed
neutralized.

Against the above background, we collected experimental data to address
the following research questions in order to better understand Shaoxing Wu’s
trisyllabic tone sandhi patterns, which can shed light on the possible interaction
between tone sandhi and stress.

RQ1: Do trisyllabic compounds of 2+1 and 1+2 structures with
different underlying tonal combinations vary in their sandhi do-
mains? If so, how?

RQ2: Do both initial and non-initial tones condition the trisyllabic
tone sandhi patterns? If so, how?

Acoustic data from trisyllabic compounds of 2+1 and 1+2 structures were
collected through controlled experiments. To understand the effect of underly-
ing tonal combinations on possible stress patterns and consequently tone sandhi,
we systematically varied the lexical tonal contour of each syllable as Falling
or Rising. Considering that tonal register has been shown to affect disyllabic
sandhi patterns in Shaoxing Wu (see Chapter 2), we also varied the register of
each syllable to better observe tonal realizations in trisyllabic compounds.

To address RQ1, we examined how the number of tone sandhi domains
varies with compound structure and the underlying tonal contours of 𝜎1 and
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𝜎2. If stress conditions sandhi domain formation in trisyllabic compounds, we
would expect to observe variations in 2+1 compounds with an underlying Ris-
ing tone on 𝜎1, and in 1+2 compounds with an underlying Falling tone on 𝜎2.
To address RQ2, we examined the effect of underlying tonal register and con-
tour of each syllable on trisyllabic f0 trajectories. Due to the lack of knowledge
on how compound stress is assigned in Shaoxing Wu (as discussed earlier), no
specific predictions are made here regarding which syllable would preserve its
underlying tone. Still, if stress consistently conditions tonal realizations in both
disyllables and trisyllables, then trisyllabic f0 trajectories should be influenced
by non-initial tones in at least some tonal combinations, rather than solely by
the initial tone as impressionistic studies have reported.

3.2 Methods

3.2.1 Participants

13 native speakers of Shaoxing Wu participated in the current study (9 female
and 4 male, mean age = 49.6, SD = 3.4). Born and raised in the urban area of
Shaoxing (i.e., Yuecheng district), they use Shaoxing Wu for daily communi-
cation. None of them reported difficulties in speaking or hearing.

3.2.2 Stimuli

The stimuli of the current study are trisyllabic compounds with 2+1 and 1+2
structures (see examples in (5)), all of which are frequently used in daily life.
For registers, both High and Low register tones were included; for contours,
Rising and Falling tones were included. As a result, the stimulus list consisted
of 128 tokens (2 structures × 2 𝜎1 tonal registers × 2 𝜎1 tonal contours × 2
𝜎2 tonal registers × 2 𝜎2 tonal contours × 2 𝜎3 tonal registers × 2 𝜎3 tonal
contours; see Tables B.1 and B.2 in Appendix B for the full list). The tonal
combinations of 𝜎1, 𝜎2, and 𝜎3 are summarized in Table 3.1.
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(5) Examples of stimuli

a. 2+1 structure

[[hu

[[fire
tsho]
car]

dzæ̃]
station]

‘train station’

b. 1+2 structure

[CiN

[new
[fi
[fly

tCi]]
machine]]

‘new plane’

Table 3.1: Tonal combinations of 𝜎1, 𝜎2, and 𝜎3.

𝜎1 𝜎2 𝜎3
Register: High vs. Low High vs. Low High vs. Low
Contour: Falling vs. Rising Falling vs. Rising Falling vs. Rising

3.2.3 Procedure

The recordings took place in a quiet room in Shaoxing. All tokens were
recorded using a laptop with an external sound card (Cakewalk UA-G1) and
a headset (Sennheiser PC150). The stimuli were presented on the screen in
a randomized order for each participant using FieldPhon (Pan et al., 2015).
Participants were instructed to read the stimuli aloud at a normal speech rate,
which were recorded with 44 kHz sampling rate and 16-bit rate. In total, 1664
tokens were collected (128 tokens × 13 speakers).

3.2.4 Data preparation

The sound files were listened to by a native speaker of Shaoxing Wu. 193 to-
kens from different speakers were excluded due to disfluency or mistakes in
production, with the remaining 1471 tokens included for further analysis. They
were first manually segmented using Praat. f0 values in Hz were then extracted
by taking ten equidistant points in the rime of each syllable and normalized to
within-speaker z-scores.

As we were also interested in potential variations in sandhi domains, we ini-
tially intended to label the number of sandhi domains for each token. Tokens
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were to be labeled as having two domains if the disyllabic word undergoes di-
syllabic sandhi, and the monosyllabic word preserves its underlying tone; other-
wise, they were considered to form one single domain. Nonetheless, no tokens
met the criteria for two-domain labeling. The vast majority demonstrated a gen-
eral trisyllabic sandhi pattern similar to that reported in impressionistic studies
(Wang, 2015), while a few exhibited an alternative pattern (though not clearly
showing two sandhi domains). Considering that such variations in sandhi pat-
terns might reflect a difference in sandhi domain formation, we labeled whether
a token demonstrated the general vs. alternative pattern instead.

3.2.5 Data analysis

To address RQ1, we intended to examine the effects of compound structures
and underlying contours of 𝜎1 and 𝜎2 on the number of tone sandhi domains.
As noted above, no tokens can be regarded as clearly forming two sandhi do-
mains. Instead, we looked into variations in sandhi patterns, which potentially
result from differences in sandhi domain formation. Since the vast majority
of the tokens demonstrate the general sandhi pattern, the dependent variable
showed insufficient variability for inferential statistical analysis. Consequently,
we conducted a descriptive analysis, reporting proportions of tokens showing
the general vs. alternative pattern across compound structure and tonal contour
combinations.

To address RQ2, we analyzed whether and how each syllable’s tonal iden-
tity (in terms of register and contour) conditions the trisyllabic f0 trajectories.
Given that only a limited number of tokens demonstrate alternative patterns,
we focused our analysis on tokens undergoing the general pattern. Generalized
additive mixed models (GAMMs; Wood, 2017) were applied with the mgcv
package in R (R Core Team, 2021). The dependent variable of the model was
the normalized f0 value of trisyllabic compounds. For the independent vari-
able, we first created a variable presenting the interaction between underlying
tonal registers and contours of 𝜎1, 𝜎2, or 𝜎3 and then re-specified the model
with binary difference smooths to formally assess their effects (followingWiel-
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ing, 2018). Factor smooths modelling non-linear differences over time for each
speaker and each item were included as random effects.

3.3 Results

In this section, we first report the distribution of tokens showing the general vs.
alternative patterns, which might be informative about sandhi domain forma-
tion. To understand the role of initial and non-initial tones on trisyllabic tone
sandhi patterns, we further zoom in on tokens demonstrating the general sandhi
pattern, and report how each syllable’s underlying tonal register and contour af-
fect the overall f0 trajectories.

3.3.1 The distribution of sandhi patterns

Figure 3.1 visualized the proportions of tokens demonstrating the general vs.
alternative patterns across (a) compound structure and (b) tonal contour combi-
nations of 𝜎1 and 𝜎2. All 2+1 compounds and the vast majority (i.e., 90.5%) of
1+2 compounds demonstrated the general pattern; the alternative pattern only
occurred in 1+2 compounds with underlying Falling contours on both 𝜎1 and
𝜎2.

2+1 1+2
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Figure 3.1: Distribution of tone sandhi patterns across compound structures and
tonal contour combinations of 𝜎1 and 𝜎2.
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To further understand whether the variations in sandhi patterns can be at-
tributed to different sandhi domains, we zoomed in on tokens undergoing the
alternative pattern, and visually compared their f0 trajectories (Figure 3.2A-B)
with their counterparts undergoing the general pattern (Figure 3.2C-D). As il-
lurstrated in these figures,𝜎1 surfaceswith a high level-ish falling or a low level
contour in both patterns, and the main difference lies in the tonal realizations
of 𝜎2 and 𝜎3. Rather than surfacing with level-ish rising and high falling con-
tours respectively in the general pattern, in tokens undergoing the alternative
pattern, 𝜎2 and 𝜎3 surface with level-ish falling contours.3 The implications
of these variations for sandhi domain formation and the potential tone-stress
interaction will be discussed in Section 3.4.
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Figure 3.2: f0 trajectories of trisyllabic compounds undergoing the alternative
pattern (A and B) in comparison with the general pattern (C and D).

3.3.2 f0 trajectories

For tokens undergoing the general tone sandhi patterns, we further investigated
the effects of initial and non-initial tones (in terms of register and contour) on
the trisyllabic f0 trajectories.

3Even though the difference seems subtle in Figure 3.2, it is eminently perceptible to native
ears.
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To illustrate the effects of register and contour of each syllable, f0 trajec-
tories of trisyllabic compounds starting with High Falling, Low Falling, High
Rising, and Low Rising tones (hereinafter HF, LF, HR and LR respectively)
were plotted in Figure 3.3A-D, with line colors indicating the tonal category of
𝜎2, and line types 𝜎3.
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Figure 3.3: f0 trajectories of trisyllabic compounds undergoing the general pat-
tern in Shaoxing Wu.

The f0 trajectories across panels in Figure 3.3 clearly show the effects of
the register and contour of 𝜎1 on trisyllabic sandhi patterns. In compounds
starting with an HF tone, 𝜎1 surfaces with a high level-ish falling contour, 𝜎2
a mid level-ish rising contour, while 𝜎3 a high falling contour. In those starting
with an LF tone, 𝜎1 surfaces with a low level contour, while 𝜎2 and 𝜎3 with
similar contours to their counterparts starting with an HF tone. In trisyllabic
compounds starting with an HR tone, 𝜎1 surfaces with a high level contour,
𝜎2 a high level-ish falling contour, while 𝜎3 a mid falling contour with a lower
starting point and a gentler slope than its counterpart starting with an HF tone.
In those starting with an LR tone, 𝜎1 surfaces with a low rising contour, while
𝜎2 and 𝜎3 surface with similar contours to their counterparts starting with an
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HR tone.
The GAMM results revealed significant effects of both𝜎1 register and con-

tour on the f0 trajectories of trisyllabic compounds. Table 3.2 presents summary
results, while the full tables with statistical results are provided in Appendix C
(the same applies to the subsequent tables in this section). Across all tonal com-
binations, compounds starting with High and Low register tones exhibit signif-
icant differences in f0 trajectories, and so do compounds starting with Falling
and Rising tones.

Table 3.2: Summary of GAMM results for the effect of𝜎1 register (left) and𝜎1
contour (right) on f0 trajectories in different tonal combinations. Significance
levels are indicated as *** (p < .001), ** (p < .01), * (p < .05), and n.s. (not
significant).

𝜎1 𝜎2 𝜎3
HF LF HR LR

F HF *** *** *** ***
LF *** *** *** ***
HR *** *** *** ***
LR *** *** *** ***

R HF *** *** *** ***
LF *** *** *** ***
HR *** *** *** ***
LR *** *** *** ***

𝜎1 𝜎2 𝜎3
HF LF HR LR

H HF *** *** *** ***
LF *** *** *** ***
HR *** *** *** ***
LR *** *** *** ***

L HF *** *** *** ***
LF *** *** *** ***
HR *** *** *** ***
LR *** *** *** ***

Zooming in on each panel of Figure 3.3, the underlying registers of 𝜎2
and 𝜎3 seem to condition the tonal realizations as well. In trisyllables with
underlying High register tones on 𝜎2 (light-colored lines), the f0 of 𝜎2 starts
higher than in those with underlying Low register tones on 𝜎2 (dark-colored
lines). The distinction was most obvious in compounds starting with an LF tone
(Figure 3.3B), subtle but discernible in other tonal combinations. In trisyllables
with High register tones on 𝜎3 (dotted and dot-dash lines), the f0 of 𝜎3 starts
slightly higher than in those with underlying Low register tones on 𝜎3 (solid
and dashed lines) in some tonal combinations, though the differences are subtle.
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Nonetheless, the underlying contours of both 𝜎2 and 𝜎3 seem to be neu-
tralized without conditioning sandhi patterns by visual inspection. Trisyllables
with underlying Falling (blue lines) and Rising (red lines) contours on 𝜎2 have
similar f0 trajectories; so do trisyllables with underlying Falling (dotted and
solid lines) and Rising (dotdash and dashed lines) contours on 𝜎3. This dif-
fers from previously reported disyllabic tone sandhi patterns, where non-initial
contours condition the tonal realizations in words starting with Falling tones.

The GAMM results further confirmed the observations above. The results
on the effects of 𝜎2 register and contour were summarized in Table 3.3. In
most tonal combinations, compounds with High and Low register tones on 𝜎2
exhibit significant differences in f0 trajectories; in contrast, no significant dif-
ferences were found between compounds with Falling and Rising tones on 𝜎2
(except for the HF.H.HR and HR.H.LF combinations). For the effects of 𝜎3
register and contour, the results summarized in Table 3.4 revealed the same gen-
eral pattern: compounds ending with High and Low register tones significantly
differ in f0 trajectories in specific tonal combinations, whereas compounds end-
ing with Falling and Rising tones showed no significant differences in all but
one tonal combination (i.e., HF.HF.H). In other words, the tonal registers of 𝜎2
and 𝜎3 significantly conditioned tonal realizations in most tonal combinations,
while their contours showed no significant effects.
Table 3.3: Summary of GAMM results for the effect of 𝜎2 register (left) and
𝜎2 contour (right) on f0 trajectories in different tonal combinations.

𝜎1 𝜎2 𝜎3
HF LF HR LR

HF F *** *** n.s. n.s.
R *** n.s. * *

LF F *** *** *** **
R *** *** *** **

HR F n.s. *** n.s. ***
R *** * *** ***

LR F n.s. *** *** ***
R *** n.s. * ***

𝜎1 𝜎2 𝜎3
HF LF HR LR

HF H *** n.s. n.s. n.s.
L n.s. n.s. n.s. n.s.

LF H n.s. n.s. n.s. n.s.
L n.s. n.s. n.s. n.s.

HR H n.s. * n.s. n.s.
L n.s. n.s. n.s. n.s.

LR H n.s. n.s. n.s. n.s.
L n.s. n.s. n.s. n.s.
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Table 3.4: Summary of GAMM results for the effect of 𝜎3 register (left) and
𝜎3 contour (right) on f0 trajectories in different tonal combinations.

𝜎1 𝜎2 𝜎3
F R

HF HF *** n.s.
LF n.s. *
HR *** ***
LR *** ***

LF HF n.s. n.s.
LF *** ***
HR n.s. ***
LR *** **

HR HF n.s. n.s.
LF n.s. **
HR *** n.s.
LR *** n.s.

LR HF n.s. n.s.
LF *** n.s.
HR * n.s.
LR * n.s.

𝜎1 𝜎2 𝜎3
H L

HF HF *** n.s.
LF n.s. n.s.
HR n.s. n.s.
LR n.s. n.s.

LF HF n.s. n.s.
LF n.s. n.s.
HR n.s. n.s.
LR n.s. n.s.

HR HF n.s. n.s.
LF n.s. n.s.
HR n.s. n.s.
LR n.s. n.s.

LR HF n.s. n.s.
LF n.s. n.s.
HR n.s. n.s.
LR n.s. n.s.

In short, our results showed significant effects of the underlying register
and contour of 𝜎1 on trisyllabic f0 trajectories across all tonal combinations.
Although the underlying registers of𝜎2 and𝜎3 had significant effects in certain
tonal combinations, the underlying contours of 𝜎2 and 𝜎3 had no significant
effects.

3.4 Discussion

The current study provides experimental data on trisyllabic tone sandhi patterns
in Shaoxing Wu. Our results showed a consistent general pattern of trisyllabic
tone sandhi across all 2+1 compounds and the vast majority of 1+2 compounds,
wherein the specific f0 contour is mainly conditioned by the tonal identity of
the initial syllable; only a small percentage of 1+2 compounds showed varia-
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tions. In this section, we discuss how these findings address our research ques-
tions, together with their implications for possible interactions between tone
and stress. As the observed sandhi patterns turn out to be incompatible with a
straightforward stress-based account, we further explored alternative analyses.

Our first research question investigates whether and how the number of
tone sandhi domains vary with the compound structure and underlying tonal
contour of 𝜎1 and 𝜎2. As mentioned in Section 3.1, the stress-based account
predicts variations in 2+1 compounds with an underlying Rising tone on 𝜎1,
and in 1+2 compounds with an underlying Falling tone on 𝜎2. Although we
did not directly observe variations in the number of tone sandhi domains (i.e.,
no tokens clearly formed two sandhi domains), there are variations in sandhi
patterns: all 2+1 compounds demonstrated a general pattern; 1+2 compounds
show variations, with the vast majority showing the same general pattern, and
only a few tokens with underlying F.F.R tonal sequences demonstrating the al-
ternative pattern (see Figure 3.1). Importantly, tokens undergoing alternative
vs. general patterns differ in the tonal realizations of 𝜎2 and 𝜎3 (i.e., the di-
syllabic words in 1+2 compounds), which might reflect a difference in sandhi
domain formation.

As shown in Figure 3.2A-B, 𝜎2 and 𝜎3 surface with level-ish falling con-
tours in tokens undergoing the alternative pattern. Such tonal realizations are
similar to those observed in disyllabic words with the same underlying tonal
combinations (F.R; see red lines in Figure 2.10A-B in Chapter 2, or red lines
in Figure 3.4 below), suggesting that these 𝜎2 and 𝜎3 might form a sepa-
rate sandhi domain and undergo disyllabic tone sandhi. In contrast, in tokens
undergoing the general pattern, 𝜎2 and 𝜎3 surface with level-ish rising and
high falling contours respectively without undergoing disyllabic sandhi (Fig-
ure 3.2C-D), and may form a single trisyllabic domain together with 𝜎1. In
other words, the variations in sandhi patterns likely reflect different numbers
of sandhi domains: one for the general pattern, and potentially two for the al-
ternative pattern.4 Considering the limited number of tokens undergoing the

4Although 𝜎2 and 𝜎3 can be regarded as forming one single domain, one issue arises if we
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alternative pattern, however, more data are needed to fully understand the ob-
served variations.

Notably, even if the observed sandhi patterns are assumed to result from
variations in sandhi domains, they cannot be straightforwardly explained by
stress. Our data showed that all 2+1 compounds in Shaoxing Wu demonstrated
the general pattern with no variations, contradicting the stress-based prediction
that tokens with an underlying Rising tone on𝜎1would show variations.While
1+2 compounds do show variations in tokens with an underlying Falling tone
on 𝜎2 as predicted, it remains unclear why this occurs only in some F.F.R tonal
sequences rather than all tokens meeting this tonal criterion.

One might argue that the inconsistency between our findings and predic-
tions stems from cross-dialectal variations in metrical processes involved in
sandhi domain formation, as the predictions are made based on metrical pro-
cesses proposed to account for Shanghai Wu. For instance, if stress reduction
were obligatory rather than optional in Shaoxing Wu, all 2+1 and 1+2 com-
pounds would be expected to form a single sandhi domain without showing
variations, which would correctly predict the consistent pattern observed in
2+1 compounds. However, even assuming such dialectal differences, the fact
that the alternative pattern occurs only in F.F.R tonal sequences among 1+2
compounds would still require explanation. While the limited data on alterna-
tive patterns prevents definitive conclusions, the current findings suggest that
stress-based approaches may face empirical challenges in accounting for the
full range of sandhi behaviors in Shaoxing Wu.

Our second research question examines the effect of initial and non-initial
tones on the trisyllabic tone sandhi patterns. Our results show that the under-
lying register and contour of non-initial syllables significantly influence trisyl-
labic f0 trajectories. In contrast, there is no effect of non-initial underlying con-
tours. This goes against the stress-based prediction: as mentioned in Section

analyze 𝜎1 (i.e., the monosyllabic word) as forming a separate tone sandhi domain: it surfaces
with level contours rather than preserving its underlying tones. Whether this tonal realization
results from other tonal processes or indeed challenges the two-domain analysis awaits further
investigation.
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3.1, if stress consistently conditions tonal realizations in both disyllables and
trisyllables, we should have observed the effects of both initial and non-initial
tones on the tonal realizations.

Although we observed subtle f0 differences conditioned by underlying reg-
isters of non-initial syllables, they are mainly around the initial portion of the
vowels (see Figure 3.3), which are likely due to an f0 perturbation effect rather
than a systematic effect of register. In many languages, f0 at the beginning of a
vowel is higher after a voiceless consonant than after a voiced consonant (Hum-
bert, 1978; Hyman, 1973). In Shaoxing Wu, voiceless onsets co-occur with
tones starting in high registers, while voiced onsets co-occur with tones start-
ing in low registers (Wang, 1959; J. Zhang, 2006). In other words, the observed
f0 differences are more likely a result of the perturbation effects induced by the
voicing of the consonantal onset. Note that the largest effect was observed on
𝜎2 in tokens starting with Low Falling tones (Figure 3.3B), where𝜎1 has lower
f0 offsets compared to tokens starting with other tones. This echoes previous
findings suggesting a greater perturbation effect when the preceding tone has
a low f0 offset (e.g., Y. Chen, 2011; M. Shi et al., 2024).

Taken together, our findings suggest that tonal realizations in trisyllabic
compounds cannot be straightforwardly accounted for by stress either. This
raises the question of how tone sandhi patterns across different domain lengths
in Shaoxing Wu can be systematically explained, particularly the seemingly
preserved non-initial tones in some disyllables versus their neutralization in
other disyllables and all trisyllables.

One possibility is to interpret sandhi contours as realizations of certain tonal
melodies, which are determined by (though not identical in contour to) the lex-
ical tone of the initial syllable in most cases. Supporting evidence comes from
the observation that trisyllabic contours seem like an extension of their disyl-
labic counterparts with the same initial tone, a tendency further confirmed in
pilot data from longer sequences. In Figure 3.4, disyllabic and trisyllabic f0 tra-
jectories were plotted together for direct comparison, along with pilot data from
quadri-syllabic compounds collected for a preliminary look at whether similar
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contours extend consistently to longer sequences (see Appendix D for more
details on the pilot data). Words or compounds sharing the same initial tone
were presented in the same panel, with line type indicating domain length. For
disyllables starting with a Falling tone, where non-initial contours have been
reported to condition sandhi patterns, line color further indicates the contour of
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Figure 3.4: Tone sandhi patterns across different domain lengths.

As shown in each panel of Figure 3.4, the tonal realizations of 𝜎1 remain
the same regardless of the domain length, and similar contours extend over the
non-initial syllables. In sequences with an initial underlying Rising tone (right
column), 𝜎1 surfaces with a high level or low rising contour (depending on
the tonal register), while the non-initial syllables consistently form a falling
contour. In sequences with an initial Falling tone (left column), 𝜎1 surfaces
with a high level-ish falling or low level contour, and the non-initial syllables

5In all other cases, sandhi contours are primarily conditioned by the initial tone (see Chapter
2 for disyllables with initial Rising tone; see the earlier discussion in the current section for trisyl-
lables; see Appendix D for preliminary findings on quadrisyllables). Therefore, f0 trajectories
were averaged across different non-initial tones to facilitate figure interpretation.
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form a concave contour with only one exception: in disyllables with underlying
F.R contours (red lines), the non-initial syllable surface with a level-ish rising
contour instead.

Interpreted as the outcome of tonal melody extension, the sandhi contours
across different domain lengths can be accounted for systematically. Putting
aside the exception (which we will address later), the extended melody is deter-
mined solely by the lexical tone of the initial syllable, which results in the neu-
tralization of non-initial tones. This indeed resembles the typical left-dominant
sandhi in Shanghai Wu, though the extended melody is not identical in contour
to the initial syllable’s lexical tone. Considering that in some Northern Wu,
the initial tone undergoes substitution before spreading to non-initial syllables
(e.g., Chan & Ren, 1988, on Wuxi Wu), similar processes may be at work in
ShaoxingWu. Further research is needed to understand what the replaced tonal
melodies are.

Though not directly relevant to the main issue of this chapter, we also ob-
served a tendency for f0 convergence, which aligns closely with findings re-
ported across Northern Wu: as the domain length increases, the f0 values con-
verge towards a low target at the end. As reviewed earlier, within a tonal domain
in Shanghai Wu, the first non-initial syllable is assumed to reassociate with a
tone spread from the initial syllable, while the remaining syllables (in larger
domains) surface with default low tones (see Section 3.1). Based on acoustic
data from polysyllables, Y. Chen (2008) further reported a gradual f0 conver-
gence towards a low tonal target, with the lowering starting before the end of
the first non-initial syllable. This suggests that a low tone target may have been
implemented even over the first non-initial syllable, inviting re-examination
of the nature and phonetic realization of the low tone (see Chen 2008 for fur-
ther discussion). A similar pattern has been reported in Suzhou Wu, though
the converging target is a mid-level tone (F. Ling, 2011). Together with these
cross-dialectal findings, our Shaoxing Wu data provide additional evidence for
f0 convergence. It should be noted, however, that our stimuli were produced in
isolation, in contrast to Y. Chen (2008) and F. Ling (2011) where stimuli were
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embedded in carrier sentences. This may induce more pronounced f0 lowering
due to the utterance-final position, potentially affecting the converging target
observed. As the current study was not designed to investigate this issue, we
note the converging pattern as an interesting observation that deserves further
investigation with more controlled experiments.

Consider now the exceptional case, disyllables with initial Falling tones,
where non-initial tones turn out not to be neutralized. We propose that rather
than solely determined by the initial tone, the substituted melody is further
conditioned by the tone of𝜎2. This explains the distinction between disyllables
with underlying F.F and F.R tonal sequences (black and red solid lines in the
left column of Figure 3.4). Notably, in disyllables with underlying F.F tonal
sequences, the “preserved” falling contour on 𝜎2 can be the manifestation of
the tonal melody, which extends over non-initial syllables in longer sequences.
In other words, the apparent preservation of non-initial tones can result from
coinciding with part of the substituted tonal melody.

The conditioning effect of 𝜎2 tone on tonal melody substitution, which oc-
curs only in disyllables with initial Falling tones, seems at first glance like a
stipulation lacking theoretical motivation. However, considered alongside sim-
ilar phenomena documented in other Northern Wu, it might be a vestige of a
sound change towards simpler sandhi patterns. In Wuxi Wu, the substituted
melody is also conditioned by 𝜎2 in certain tonal combinations, specifically by
its historical tonal category. When the initial tone is HHL, for example, it will
be substituted by LLH if 𝜎2 has Shang or Qu tones, and substituted by LHL
if 𝜎2 has Ping or Ru tones (Chan & Ren, 1988). Further observing a tendency
towards tone patterns merging in tri- and quadri-syllabic forms, Chan and Ren
(1988) proposed that Wuxi Wu is “moving towards simplifying its tone pattern
substitutions” (p. 61). It is important to note that in Shaoxing Wu, underlying
Falling and Rising tones correspond to Ping and Shang historical tonal cate-
gories respectively. In other words, the replaced tonal melody can be regarded
as conditioned by the historical tonal categories of 𝜎2 as well, which aligns
with findings in Wuxi Wu. The diminished effect of 𝜎2 in longer sequences
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might similarly reflect a sound change towards simpler sandhi patterns.
In short, we propose that tone sandhi contours in ShaoxingWu extend from

substituted initial tones. The substituted tones are occasionally conditioned by
non-initial tones, which likely represents a vestige of diachronic sound change
rather than a synchronic metrical process. As historical tonal categories have
been repeatedly reported to condition sandhi contours (M. Y. Chen & Zhang,
1997; Kuang et al., 2018; Rose & Yang, 2024, see also Section 2.4 in Chapter
2), such sound change might be a common diachronic trajectory across Wu
dialects, with individual dialects at varying stages of development.

Although more investigation is needed to confirm this view, our findings
clearly show that the sandhi domain formation and tonal realizations of Shaox-
ing Wu cannot be explained with stress.6 This raises a broader question about
the generalizability of stress-based accounts across Sinitic varieties: since stress
fails to account for complex sandhi patterns, could its apparent success in typ-
ical left- or right-dominant patterns be coincidental? Specifically, considering
the potential sound change discussed above, stress may only seem to explain
the typical patterns because the dialects have developed to certain stages (i.e.,
where their surface tonal patterns happen to alignwith stress-based predictions),
rather than actively driving the sandhi processes. We leave it to future studies
to explore these possibilities further. Overall, we emphasize that the underlying
mechanisms of tone sandhi can be complicated, and sweeping everything else
under the carpet of stress would hinder our further understanding.

6Given that Shaoxing Wu exhibits tonal melody extension from initial syllables, one might
argue for left-headed stress paralleling the analysis proposed for Shanghai Wu. However, inde-
pendent evidence for stress remains lacking in Shaoxing Wu. Acoustic analysis of disyllabic
words reveals no durational support for left-headed stress, as 𝜎1 is consistently shorter than 𝜎2
(see Chapter 2). Moreover, sandhi domain formation patterns contradict stress-based predictions:
if left-headed stress existed, 1+2 compounds should consistently form one sandhi domains while
2+1 compounds should show variation, as observed in Shanghai Wu. However, Shaoxing Wu
exhibits the opposite pattern.
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3.5 Conclusion

To conclude, the current study furthers our understanding of the potential tone-
stress interaction in Sinitic varieties by examining complex tone sandhi pat-
terns in larger domains. Based on experimental data, we showed that sandhi
domain formation and tonal realizations of trisyllabic compounds in Shaoxing
Wu cannot be adequately explained with stress. Although further investigations
are needed to understand the nature of tone sandhi patterns and the formation
of sandhi domains, our findings suggest that stress is not as potent in explain-
ing complex tone sandhi as it is for typical left- or right-dominant patterns.
To achieve a comprehensive understanding of the mechanisms underlying tone
sandhi across Sinitic varieties, we call for more attention to less-studied dialects
with complex tone sandhi patterns, particularly their tonal realizations in larger
domains.





CHAPTER4

The verb-object and subject-predicate distinction in
phrasal-level tonal realizations1

4.1 Introduction

Stress has been widely employed to explain tonal phenomena in Sinitic vari-
eties across various levels, from words and compounds to phrases (e.g., Word
and compound: Duanmu, 1995 on Shanghai Wu and Taiwanese; Jiang & Xie,
2001 on Nanchang Gan; Hou, 2011 on Goulou Yue. Phrase: Chen, 2000 on
Shanghai Wu; Jiang, 2005 on Lipu Mandarin; Xia, 2018 on Yiyang Xiang).2

However, recent acoustic studies on dialects with complex tone sandhi patterns
(Wen et al., 2023, 2024) have pointed to the inadequacy of stress, particularly
in explaining tonal realizations and sandhi domain formation at the word and
compound levels (see also Chapters 2 and 3). These findings cast doubt on
the traditionally assumed role of stress in conditioning tonal phenomena, and

1This chapter has been presented in the 18th Conference on Laboratory Phonology and the
9th International Conference of Prosodic Grammar as: Wen, X., Chen, Y., & Cheng, L. L.-S.
Structure-sensitive Tonal Variations in Shaoxing Wu Chinese.

2Some cited studies discussed the relationship between tone and stress at both levels (e.g.,
Duanmu, 1995; Chen, 2000; Jiang, 2005; Xia, 2018).
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highlight the need for alternative accounts. Building on the new insights, the
current study extends the investigations to the phrasal level, focusing on a phe-
nomenon previously taken as supporting evidence for tone-stress interaction
(i.e., word-phrase distinction in tonal realizations, see M. Y. Chen, 2000, and
see more details below). With experimental data from Shaoxing Wu, we aim
to investigate whether phrasal-level tonal realizations can be explained with
stress, and if not, consider alternative accounts.

In Northern Wu Chinese, a widely known observation is the word-phrase
distinction in tonal realizations, first observed by Kennedy (1953). In disyllabic
words or compounds, the tone of the initial syllable usually spreads rightward
and determines the pitch contour of the entire word; in contrast, in disyllabic
phrases, the final syllable preserves its citation tone, while the initial syllable is
often realized as a level-ish contour (see e.g., M. Y. Chen, 2000; B. Xu & Tang,
1988). In other words, disyllabic words/compounds and phrases undergo left-
and right-dominant sandhi, respectively. A typical example of this distinction
can be found in Shanghai Wu, where the tonal realizations of /tshO34/ ‘to fry’
and /vE13/ ‘rice’ differ in compounds and phrases (B. Xu et al., 1981). In the
compound ‘fried rice’, the disyllabic sequence surfaces as [tshO33 vE44], which
is determined by the base tone of the initial syllable /tshO34/. In contrast, in
the verb-object phrase ‘to fry rice’, the disyllabic sequence surfaces as [tshO44

vE13], which preserves the final tone but levels the tone of the initial syllable.
This phenomenon, particularly in Shanghai Wu, has been taken as a canon-

ical case to illustrate how stress conditions sandhi behaviors (e.g., M. Y. Chen,
2000; Duanmu, 1993, 1995). Words and compounds are proposed to receive
left-headed stress, while phrasal stress is assigned in the order of preference
indicated in (1): phrasal stress is assigned preferentially to the complement; if
the structure lacks a complement, it is then assigned to the head; the specifier
is the least favored to receive phrasal stress.

(1) Phrasal stress assignment order (Duanmu, 1995, following Cinque,
1993)
Complement > Head > Specifier
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Assuming that the tone sandhi domain is a left-headed foot formed through
a series of metrical processes within which only stressed syllables can preserve
their underlying tones (see Chapters 2 and 3 for more details), the distinction
between words/compounds and phrases in tonal realizations can be attributed
to their different metrical structures, as illustrated with the doublet ‘fried-rice’
and ‘to fry rice’ in (2) below (M. Y. Chen, 2000, p. 313-314).

(2) a. x compound stress
(x) (x) word stress → (x .) clash resolution
tshO vE ‘fried rice’ tshO vE

MH LH base tones (MH o) tone deletion
(MH)(LH) = * (M H) tone association

b. x phrasal stress
(x) (x) word stress
tshO vE ‘to fry rice’
MH LH base tones
(MH)(LH)
(H) (LH) tone simplification

At the word level, as each word consists of just one syllable (i.e., /tshO34/
‘to fry’ and /vE13/ ‘rice’), the syllables each receive word stress, leading to
stress clash. In the compound ‘fried-rice’, the initial syllable further receives a
left-headed compound stress, forcing the final syllable to lose its word stress
to resolve stress clash, as indicated in (2a). As a result, only the initial stressed
syllable preserves its underlying tone, which further re-associates with the non-
initial syllable, resulting in the left-dominant tone sandhi. Conversely, in the
phrase ‘to fry rice’, the object receives a phrasal stress as the complement (ac-
cording to (1)), which falls on the final syllable as indicated in (2b). Unlike in
the compounds, stress clash is tolerated in this case and the word stress on the
initial syllable is not removed.3 Still, the initial syllable is metrically weaker

3Removing the word stress on the initial syllable would either produce a right-headed foot or



74 Phantom stress in tone sandhi

than the final syllable. M. Y. Chen (2000) proposed that Shanghai Wu distin-
guishes main stress and subordinate stress, and analyzed the contour leveling of
the phrasal-initial syllable as the manifestation of subordinate stress.4 Instead,
the final syllable with main stress can preserve its underlying tones, resulting
in the right-dominant tone sandhi.

Beyond the stress-based analysis, an alternative account of the tone sandhi
at the word and phrasal level has been proposed: the distinction between these
two levels is regarded as resulting from different levels of prosodic domains
edge-aligned with syntactic categories (Selkirk, 1986; Selkirk & Shen, 1990).
This is also known as the end-based account. Within the context of an edge-
based theory of syntax-phonology interface (Selkirk, 1986), Selkirk and Shen
(1990) propose that in Shanghai Wu, left-dominant tone sandhi occurs within
a Prosodic Word, which is left-aligned with the edge of a lexical word. On the
other hand, a Phonological Phrase is left-aligned with the edge of a lexical XP,
while an Intonation Phrase left-aligned with the edge of a clause.5 Below we
illustrate the end-based account for phrases in (3) (adapted fromSelkirk&Shen,
1990). As shown in (3a), both the verb (i.e., /taN/, ‘to hit’) and the noun (i.e.,
/mo/, ‘horse’) are lexical words, resulting in left Prosodic Word boundaries at
their left edges.6 The left edges of the two lexical XPs, VP and the object NP,
are further mapped onto left Prosodic Phrase boundaries. The whole structure
is thus parsed into two Phonological Phrases, each consisting of a Prosodic
Word. As the left-dominant sandhi only applies within a Prosodic Word, two

leave the initial syllable unfooted, which violates well-formedness conditions on foot formation
in Shanghai Wu (see M. Y. Chen, 2000; Duanmu, 1995, for more discussion and alternative
solutions).

4There are debates on the tonal realizations of the phrasal-initial syllables in Shanghai Wu,
as recent acoustic studies suggest that the underlying contours of the phrasal-initial syllables are
not completely neutralized to level tones, but are preserved and surfacing in a reduced form (e.g.,
J. Zhang & Meng, 2016). Still, it is clear that their tonal realizations differ from the non-initial
syllables in words and compounds.

5The edge-based theory (Selkirk, 1986) was later implemented within the framework of Op-
timality Theory in Selkirk (1996), where phrasal-level alignment constraints were introduced.
At the time of Selkirk and Shen (1990), however, the syntax-prosody mapping algorithms had
not been formalized as constraints yet.

6This is not the case for the sentence-final particle (i.e., /l@P/), which is a function word.
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tone sandhi domains emerge in the case of phrases: one consisting of the verb,
and another consisting of the noun plus the sentence-final particle, as indicated
via the bracketing in (3b). The whole structure thus does not demonstrate the
left-dominant sandhi pattern. Instead, the verb preserves its underlying tone as
the only syllable within the sandhi domain.

(3) a. [𝑉𝑃[𝑉0

(𝜙(𝜔

taN]

to.hit

[𝑁𝑃[𝑁0

(𝜙(𝜔

mo]]]

horse

l@P

Prt
‘has hit the horse’

b. taN mo l@P

MH LH LH base tones
(MH)(L H) surface tones

For disyllabic verb-object phrases like (2b), the end-based analysis above
would predict that the verb and the noun form two separate tone sandhi do-
mains as well, though no specific examples were provided in Selkirk and Shen
(1990). As the only syllable within the sandhi domain, both the mono-syllabic
verb and noun are further predicted to preserve their underlying tones. No-
tably, although such analysis can successfully explain the tonal preservation
of phrasal-final syllables, it leaves the leveling pattern of phrasal-initial sylla-
bles unaddressed. The proponents of stress-based account have presented sev-
eral compelling arguments against the end-based account (e.g., M. Y. Chen,
2000; Duanmu, 1992, 1995), particularly emphasizing its inability to account
for tonal preservation and neutralization/simplification. Though not directly re-
lated to the word-phrase distinction, they also highlighted the advantages of
stress-based analysis over the end-based alternative in explaining other phe-
nomena, such as the structural asymmetry in sandhi domain formation and
word-length sensitivity (see M. Y. Chen, 2000, for more details).

It is worth noting that these discussions are mainly based on dialects dis-
playing the typical tone sandhi patterns. Nonetheless, recent studies on dialects
with complex tone sandhi have reported cases where stress fails to explain tonal
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realizations and sandhi domain formation (see Chapters 2 and 3), undermining
the key arguments against the end-based account. Given these new insights,
it becomes crucial to extend the investigation of dialects with complex tone
sandhi to the phrasal level, which might further help us evaluate the relation-
ship between tone sandhi and stress. The goal of the current study is to shed new
light on this issue with experimental data from Shaoxing Wu Chinese, whose
phrasal-level tonal realizations reveal additional complexities that challenge
the stress-based account, as elaborated on below.

Impressionistic studies (e.g., Wang, 2015) suggest that in Shaoxing Wu, di-
syllabic phrases undergo right-dominant tone sandhi, with the final syllables
preserving their citation tones. However, the tonal realizations of the initial
syllables vary with the structure of disyllabic phrases: verb-object (VO) vs.
subject-predicate (SP). This is not reported in other Northern Wu to our knowl-
edge. Wang (2015) , based on auditory impression, described the difference as
follows: in the VO structure, the initial syllables neutralize to level tones in their
original pitch registers; in the SP structure, they are realized as high-register
level or rising tones depending on their original tonal identities. Examples of
disyllabic VO and SP structures sharing the same underlying tones are shown
in (4) and (5) respectively (adapted from Wang, 2015, p. 17-18). As shown
in (4a) and (5a), the initial syllables in both structures bear high falling tones
underlyingly. They surface with mid level contours in the VO structure, but
remain with high level contours in SP. (4b) and (5b) showed that phrase-initial
low falling tones surface with low level contours in the VO structure, but low
rising contours in SP.

(4) Examples of disyllabic VO structures

a. /tsh752/
to.draw

/tChiẽ52/
lot

→ [tsh733

‘to
tChiẽ52]
draw (a) lot’

b. /mo231/
to.sharpen

/t652/
knife

→ [mo11

‘to
t652]
sharpen (a) knife’



The VO-SP distinction in phrasal-level tonal realizations 77

(5) Examples of disyllabic SP structures

a. /sæ̃52/
mountain

/k652/
high

→ [sæ̃55

‘mountain
k652]
(is) high’

b. /őiN231/
people

/CioN52/
aggressive

→ [őiN115

‘people
CioN52]
(is) aggressive’

It is important to note that this VO-SP distinction is not predicted by the
stress-based account. As reviewed above, the tonal realizations in VO phrases
are accounted for through the manifestations of subordinate and main stress
on the initial and final syllables, following the word and phrasal stress assign-
ment rule proposed in Duanmu (1995) (as illustrated in (2b)). Applying the
same stress assignment rule to disyllabic SP structures with a verbal predicate
only, the initial and final syllables should receive subordinate and main stress
respectively as well: both syllables receive word stresses; according to (1), the
final syllable further receives phrasal stress, as the predicate (i.e., the head) is
preferred over the subject (i.e., the specifier). If tonal realizations at the phrasal
level were solely determined by stress, no difference should be expected be-
tween disyllabic VO and SP structures.

One might argue that in Duanmu’s later work (e.g., Duanmu, 2005), he
followed the rule of assigning stress to a syntactic non-head rather than strictly
following the order in (1), and analyzed the subject as receiving phrasal stress.
If this revised stress-based analysis were applied, in disyllabic SP phrases,
the initial syllables should receive main stress and preserve their underlying
tones. Disyllabic VO and SP phrases would then be expected to undergo right-
and left-dominant sandhi respectively, rather than displaying two distinct
right-dominant sandhi patterns as reported.

To date, the disyllabic VO-SP distinction has only been reported in impres-
sionistic studies, with a lack of acoustic evidence to support these observations.
To provide a better understanding of the relationship between tone and stress at
the phrasal level, the first goal of this chapter is to verify the reported distinc-
tion with controlled experiments. We were specifically interested in whether
the initial syllables in VO and SP phrases differ in their tonal realizations, and
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if so, how. To this end, we compared the tonal realizations of the initial sylla-
bles in both structures, and further examined the effect of underlying tones of
the initial syllable in each structure. It should be noted that in Shanghai Wu,
the phrase-initial syllable is reported to undergo contour neutralization (M. Y.
Chen, 2000) or reduction (e.g., J. Zhang & Meng, 2016) but preserving its un-
derlying register. Considering that in Shaoxing Wu, tonal register and contour
have also been shown to behave independently of each other at the word level
(see Chapter 2), we investigated the effects of underlying tonal register and
contour separately. The following research question is addressed:

RQ1: Do disyllabic VO and SP structures in Shaoxing Wu differ
in the tonal realizations of the initial syllables? If so, how do un-
derlying tonal register and contour condition the tonal realizations
of the initial syllables in each structure?

The second goal of this chapter is more exploratory in nature. Most pre-
vious studies have focused on phrases consisting of two monosyllabic con-
stituents, with little attention paid to those containing longer constituents. Data
on the tonal realizations of longer phrases are currently limited to impression-
istic descriptions from dialects (e.g., B. Xu & Tang, 1988, on Shanghai Wu).
Yet, a detailed investigation into phrasal-level tonal realizations in longer se-
quences might add nuances to the received wisdom on the word-phrase distinc-
tion, which mainly built upon observations on disyllabic sequences. Further-
more, if the VO-SP distinction is confirmed in disyllabic phrases of Shaoxing
Wu and cannot be explained with stress, understanding whether the distinction
is retained in phrases with longer constituents would provide insight on the
nature of such distinction. As an initial step, it would be helpful to compare
phrases with disyllabic initial constituents to those with monosyllabic ones (in-
vestigated in RQ1). Therefore, this chapter further addressed the following re-
search question:

RQ2: In VO and SP structures with disyllabic verbs and subjects,
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what are the tonal realizations of the initial constituents? Specifi-
cally, do these tonal realizations differ between the two structures?

Experiment 1 and 2 were designed to answer RQ1 and RQ2 respectively.
In Experiment 1, acoustic data from disyllabic phrases with VO and SP struc-
tures were collected. We examined the effect of structure on the f0 trajectories
of the initial syllables (𝜎1) first, and further compared the effects of underly-
ing register and contour of 𝜎1 on the f0 trajectories. If the phrasal-level tonal
realizations are determined by stress, we would expect either (a) no significant
effects of structure on the f0 trajectories of 𝜎1 (if the predicate in SP receives
phrasal stress), or (b) a significant effect of structure, together with a significant
effect of underlying contour in SP phrases, but no effect of contour in VO (if
the subject in SP receives phrasal stress).

In Experiment 2, acoustic data from VO and SP phrases with disyllabic ini-
tial constituents were collected. To address RQ2, we visualized the f0 trajecto-
ries of the initial constituent (𝜎1 and 𝜎2), and examined the effect of structure
on them. Due to the exploratory nature of this research question, we did not
formulate specific predictions regarding the tonal realizations. However, if the
phrasal-level tonal realizations is stress-conditioned, we would at least expect
(a) no significant effects of structure on the f0 trajectories of 𝜎1 and 𝜎2 (if the
predicate in SP receives phrasal stress), or (b) a significant effect of structure
(if the subject in SP receives phrasal stress), consistent with our predictions
for RQ1. In other words, we expect to observe either a consistent presence or
absence of the VO-SP distinction in phrases with mono- and di-syllabic initial
constituents.

4.2 Experiment 1

Experiment 1 was designed to investigate the tonal realizations of the initial
syllables in disyllabic phrases. Specifically, we looked into whether VO and
SP structures demonstrate different patterns, and if so, how underlying tonal
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register and contour of the initial syllable condition the tonal realizations in
each structure.

4.2.1 Methods

Participants

16 middle-aged native speakers of ShaoxingWu participated in the experiment
(10 female and 6 male, mean age = 50.7, sd = 3.6). They were born and raised
in the urban area of Shaoxing (i.e., Yuecheng district), and use Shaoxing Wu
on a daily basis. None of them reported difficulties in speaking or hearing.

Stimuli

A list of disyllabic VO and SP combinations with monosyllabic initial and fi-
nal constituents was constructed. It is worth noting that in Chinese, lexicalized
disyllabic VO and SP structures can function as compounds (Packard, 2000).
To ensure that our investigation specifically addresses phrasal-level tonal real-
izations, we selected stimuli that do not fulfill any of the criteria for compound
status listed below (Chao, 1968; C. N. Li & Thompson, 1981).7

(6) Criteria for compound status:

a. it consists of bound morpheme(s), or

b. its meaning is not compositional of its constituents, or

c. its constituents are inseparable of each other.

To better understand the tonal realizations of𝜎1, the tone of the initial sylla-
ble (𝜎1) was controlled as follows: for registers, both High and Low registers
were included; for contours, Rising and Falling tones were included (see ex-
amples in (7)). This design makes it easy to observe whether the underlying
contours are neutralized or not in surface forms. All eight tones were included

7Although there are other criteria for discriminating compounds from phrases, they apply to
different structural types (e.g., adjective-noun) and are thus not applicable to the current study.
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for the second syllable (𝜎2). The tonal combinations of 𝜎1 and 𝜎2 were sum-
marized in Table 4.1. For each tonal combination in each structure, two differ-
ent items were included. In total, 2048 tokens were collected (2 structures × 2
initial tonal registers × 2 initial tonal contours × 8 final tones × 2 items × 16
speakers; see Table E.1 and E.2 in Appendix E for the full stimulus list).

(7) Examples of stimuli for Experiment 1
a. disyllabic VO

/tCi652/
to.water

/huo52/
flower

‘to water flower(s)’

b. disyllabic SP

/sæ̃52/
mountain

/k652/
high

‘mountain (is) high’

Table 4.1: Tonal combinations of 𝜎1 and 𝜎2.

𝜎1 𝜎2
Register: High vs. Low all 8 tonesContour: Falling vs. Rising

Procedure

Recordings were conducted in a quiet room in Shaoxing, using a laptop
equipped with an external sound card (Cakewalk UA-G1) and a headset
(Sennheiser PC150). Stimuli were displayed on the screen with a randomized
order for each participant using FieldPhon (Pan et al., 2015), a software for
stimuli presentation and audio recording. Participants read the stimuli aloud
at a normal speech rate, which were recorded with 44 kHz sampling rate and
16-bit rate. Before the start of the experiment, participants undertook four trials
to get familiarized with the recording procedure.

Data preparation

Data from one male speaker were excluded from analysis due to creakiness
in most of the tokens he produced. Another 145 tokens were excluded due to
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disfluency or mistakes in production, as judged by a native speaker of Shaoxing
Wu. As a result, a total of 1775 tokens from 15 speakers were included for
further analysis. The selected sound files were manually segmented using Praat.
f0 values in Hz were extracted by taking ten equidistant points in the rhyme of
𝜎1 using a custom-written Praat script and then normalized to within-speaker
z-scores.

Data analysis

Generalized Additive Mixed Models (GAMMs; Wood, 2017) were applied
to analyze the current dataset. GAMM allows modeling nonlinear effects
alongside conventional linear patterns, which is suitable for f0 trajectories.
Compared to other advanced statistic techniques for similar purposes, such as
Growth Curve Analysis (GCA; Mirman, 2014) and Functional Data Analysis
(FDA; e.g., Gubian et al., 2015), GAMM has the following advantages: first,
GAMM allows modeling nonlinear patterns with various types of basis func-
tions, so it has more flexibility in representing the shape of curves than those
with polynomials (e.g., GCA); second, autocorrelation between subsequent
time points in time series data could be removed when implementing GAMM
(Porretta et al., 2018), which provides more reliable outcomes; third, in ad-
dition to comparing the entire curves, GAMM offers the option to examine
which parts of the curves compared are significantly different.

We implemented GAMM in R (R Core Team, 2021) using the mgcv pack-
age. The dependent variable of the model is the normalized f0 value of 𝜎1, and
the independent variable is a new variable created as the interaction between
morphosyntactic structure, underlying tonal registers and contours of 𝜎1 (with
eight levels: 2 structures × 2 tonal registers × 2 tonal contours). The fitted mod-
els were checked in terms of model convergence and residual diagnostics using
the gam.check() function. Since the residual distributions of all the resulting
models resembled normal distributions with heavier tails, they were refitted
using the scaled-t family. Fitted f0 trajectories for different levels of the inde-
pendent variable were visualized with the tidymv package.
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To investigate whether the underlying pitch registers and contours are neu-
tralized, it is important to formally assess the effect of the independent variable
on the height and shape of f0 trajectories separately. To achieve this goal, we
re-specified the models with ordered-factor difference smooths following the
procedures suggested in Wieling (2018). For example, to evaluate the effect
of structure for combinations with different tonal registers and contours of 𝜎1,
we created four ordered factors: the first equals TRUE when 𝜎1 is High Rising
and the structure is VO, and equals FALSE otherwise; the second equals TRUE
when 𝜎1 is High Falling and the structure is VO, and equals FALSE otherwise;
the third equals TRUE when 𝜎1 is Low Rising and the structure is VO, and
equals FALSE otherwise; the fourth equals TRUE when 𝜎1 is Low Falling and
the structure is VO, and equals FALSE otherwise. In the model summary, the
parametric coefficients indicate constant differences (i.e., whether the overall
heights of the trajectories are significantly different), while the smooth terms
indicate non-linear differences (i.e., whether the shapes of the trajectories are
significantly different). In this way, we can assess whether the independent
variable has significant effects on the height and shape of f0 trajectories re-
spectively. The p values were further adjusted using the Bonferroni correction
method to control the family-wise error rate.

4.2.2 Results

In this section, we first present results comparing the tonal realizations of 𝜎1
in disyllabic VO with those of 𝜎1 in disyllabic SP. We further report the effects
of underlying tonal register and contour on the tonal realizations of 𝜎1.

Effect of morphosyntactic structure

In Figure 4.1, the fitted f0 trajectories of 𝜎1 in VO and SP structures, which
originate from the same underlying tone, were plotted in the same panel. The
difference between VO and SP was plotted alongside them. The panels in Fig-
ure 4.1 demonstrate that there are differences between the f0 trajectories of 𝜎1
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in VO and SP structures. When the underlying tone is High Falling or High
Rising (top row), the contour of 𝜎1 in VO is high falling, but in SP, it is high
level. When the underlying tone is Low Falling or Low Rising (bottom row),
the contour of 𝜎1 in VO is low level, but in SP, it is low rising.
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Figure 4.1: Fitted f0 trajectories of 𝜎1 in disyllabic VO (blue) and SP (red)
structures with different underlying tones (Top-left: High Falling; Top-right:
High Rising; Bottom-left: Low Falling; Bottom-right: Low Rising), and the
difference between the two levels. Shaded band represents pointwise 95% con-
fidence interval. In the difference-plots, the red background indicates where the
difference between the two levels is significantly larger than zero.

To assess whether the difference observed is statistically significant, we cre-
ated four ordered factors and re-specified the model following the procedures
mentioned in Section 4.2.1. The GAMM results are summarized in Tables 4.2
and 4.3. For each ordered factor, the constant difference between VO and SP
structures (indicated by the parametric terms) is significantly different from
zero, and so is the non-linear difference (indicated by the smooth terms). In
other words, VO and SP structures in Shaoxing Wu differ significantly in both
the pitch height and shape of 𝜎1. It is also clear from Figure 4.1 that tones in
the same pitch register (plotted in the same row) pattern alike.
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Table 4.2: Parametric terms modeling the constant difference between fitted f0
trajectories of VO and SP structures, indicating whether their overall heights
differ significantly.

𝜎1 Structure Estimate SE t value p value

HF VO – SP -0.871 0.089 -9.838 <0.001 ***
LF VO – SP -0.533 0.091 -5.884 <0.001 ***
HR VO – SP -0.768 0.091 -8.405 <0.001 ***
LR VO – SP -0.606 0.096 -6.292 <0.001 ***

Table 4.3: Smooth terms modeling the non-linear difference between fitted f0
trajectories of VO and SP structures, indicating whether their shapes differ sig-
nificantly.

𝜎1 Structure edf Ref.df F value p value

HF VO – SP 3.779 4.370 10.024 <0.001 ***
LF VO – SP 5.393 6.136 42.173 <0.001 ***
HR VO – SP 3.468 4.018 5.126 <0.001 ***
LR VO – SP 6.287 6.961 45.576 <0.001 ***

Effects of underlying tonal register and contour

Having shown that VO and SP structures in ShaoxingWu demonstrate different
patterns in tonal realization, we present below whether and how underlying
tonal register and contour condition the tonal realization of𝜎1 in each structure.

We first zoom in on the effect of 𝜎1 register. In Figure 4.2 (for VO struc-
ture) and Figure 4.3 (for SP structure), fitted f0 trajectories of 𝜎1 in High and
Low registers with the same underlying tonal contour were plotted in the same
panel. The difference between High and Low register tones was plotted along-
side them. The panels in Figure 4.2 and 4.3 demonstrate that there are differ-
ences between the f0 trajectories of 𝜎1 in High and Low registers. In VO struc-
tures, High register tones surface with high falling contours, but Low register
tones surface with low level contours. In SP structures, High register tones sur-
face with high level contours, but Low register tones surface with low rising
contours.
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Figure 4.2: Fitted f0 trajectories of𝜎1 in High (dotted line) and Low (solid line)
registers for both Falling (top row) and Rising tones (bottom row) in disyllabic
VO structures, and the difference between the two levels.

−2

−1

0

1

2

Normalized time

F
itt

ed
 f0

 (
z−

sc
or

e)

Register High Low

SP; HF v.s. LF

−2

−1

0

1

2

Normalized time

E
st

. d
iff

er
en

ce

Significant TRUE

HF − LF

−2

−1

0

1

2

Normalized time

F
itt

ed
 f0

 (
z−

sc
or

e)

Register High Low

SP; HR v.s. LR

−2

−1

0

1

2

Normalized time

E
st

. d
iff

er
en

ce

Significant TRUE

HR − LR

Figure 4.3: Fitted f0 trajectories of𝜎1 in High (dotted line) and Low (solid line)
registers for both Falling (top row) and Rising tones (bottom row) in disyllabic
SP structures, and the difference between the two levels.
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The GAMM results are summarized in Tables 4.4 and 4.5. In both struc-
tures, for both Rising and Falling tones, High and Low register tones differ
significantly in both the pitch height and shape of 𝜎1. In other words, the un-
derlying tonal registers of 𝜎1 are not neutralized in either of the structures.

Table 4.4: Parametric terms modeling the constant difference between fitted f0
trajectories of 𝜎1 with underlying Low and High register tones.

Structure 𝜎1 Estimate SE t value p value

VO HR – LR 0.993 0.100 9.950 <0.001 ***
HF – LF 0.855 0.089 9.574 <0.001 ***

SP HR – LR 1.172 0.087 13.460 <0.001 ***
HF – LF 1.198 0.089 13.328 <0.001 ***

Table 4.5: Smooth terms modeling the non-linear difference between fitted f0
trajectories of 𝜎1 with underlying Low and High register tones.

Structure 𝜎1 edf Ref.df F value p value

VO HR – LR 2.452 2.839 21.108 <0.001 ***
HF – LF 3.504 4.089 24.547 <0.001 ***

SP HR – LR 4.783 5.426 72.127 <0.001 ***
HF – LF 5.039 5.713 57.119 <0.001 ***

Now we turn to the effect of 𝜎1 contour. In Figure 4.4 (for VO structure)
and Figure 4.5 (for SP structure), fitted f0 trajectories of 𝜎1 with underlying
Rising and Falling contours in the same tonal register were plotted in the same
panel. The difference between tones with underlying Rising and Falling con-
tours was plotted alongside them. Unlike tonal register, underlying tonal con-
tours seem to have no effect on f0 trajectories: The panels in Figures 4.4 and
4.5 demonstrate no difference between the f0 trajectories of 𝜎1 with underly-
ing Rising and Falling contours. In VO, both Rising and Falling tones surface
with high falling contours in High register, and surface with low level contours
in Low register. In SP, both Rising and Falling tones surface with high level
contours in High register, but with low rising contours in Low register.
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Figure 4.4: Fitted f0 trajectories of 𝜎1 with underlying Falling (blue line) and
Rising (red line) contours in both High (top row) and Low registers (bottom
row) in disyllabic VO structures, and the difference between the two levels.
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Figure 4.5: Fitted f0 trajectories of 𝜎1 with underlying Falling (blue line) and
Rising (red line) contours in both High (top row) and Low registers (bottom
row) in disyllabic SP structures, and the difference between the two levels.
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The GAMM results are summarized in Tables 4.6 and 4.7. In both struc-
tures, for both High and Low register tones, Rising and Falling tones have no
significant differences in the pitch height or shape. In other words, the under-
lying tonal contours of 𝜎1 are neutralized in both structures, although the neu-
tralized patterns differ in VO and SP structures.

Table 4.6: Parametric terms modeling the constant difference between fitted f0
trajectories of 𝜎1 with underlying Falling and Rising tones.

Structure 𝜎1 Estimate SE t value p value

VO HR – HF 0.129 0.096 1.352 0.354 n.s.
LR – LF -0.001 0.092 -0.012 1 n.s.

SP HR – HF 0.036 0.082 0.440 1 n.s.
LR – LF 0.034 0.091 0.373 1 n.s.

Table 4.7: Smooth terms modeling the non-linear difference between fitted f0
trajectories of 𝜎1 with underlying Falling and Rising tones.

Structure 𝜎1 edf Ref.df F value p value

VO HR – HF 1.001 1.001 1.756 0.370 n.s.
LR – LF 2.486 2.911 1.096 0.674 n.s.

SP HR – HF 4.157 4.802 3.109 0.022 *
LR – LF 1.005 1.007 3.055 0.160 n.s.

To sum up, the results of Experiment 1 showed a significant effect of syntac-
tic structure on the f0 trajectories of 𝜎1: disyllabic VO and SP structures differ
in the tonal realizations of 𝜎1, confirming the distinction reported in previous
studies based on auditory impression (e.g., Wang, 2015). In addition, tonal reg-
ister of 𝜎1 has a significant effect in both VO and SP structures. However,
tonal contour has no significant effect on either the overall height or shape of
the f0 trajectories, indicating the neutralization of tonal contour. In VO, they
neutralize to a level contour with a slight falling f0 contour within their origi-
nal registers; in SP, they start in their original registers, and converge towards
a high f0 target at the end.
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4.3 Experiment 2

Experiment 2 was designed to examine the tonal realizations of the initial con-
stituents in VO and SP structures with disyllabic verbs and subjects. We are
specifically interested in whether the VO-SP distinction observed in Experi-
ment 1 is retained when the size of the initial constituents increases.

4.3.1 Methods

Participants

The 16 native speakers of Shaoxing Wu who participated in Experiment 1 also
participated in Experiment 2.

Stimuli

The stimuli are VO and SP combinations with disyllabic initial constituents.
Considering that disyllabic objects are preferred over monosyllabic ones when
following disyllabic verbs in Chinese (e.g., Duanmu, 2012; Feng, 2007), we
used disyllables as the final constituents in VO. For a direct comparison be-
tween the two structures, we controlled the length of VO and SP combinations
as the same, thus using disyllables as the final constituents in SP as well. There-
fore, a list of quadri-syllabic VO and SP combinations was constructed (see
examples in (8)).

(8) Examples of stimuli for Experiment 2

a. quadrisyllabic VO

/tshẽ52kuø̃52/
to.visit

/Ci6335tCy52/
residential.community

‘to visit residential community’

b. quadrisyllabic SP

/s@N52iN52/
sound

/CiaN335liaN11/
loud

‘sound (is) loud’
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As reported in Chapter 2, disyllabic words in Shaoxing Wu undergo either
left- or right-dominant sandhi depending on the tonal context. To better under-
stand how they are realized as the initial constituents (i.e., 𝜎1 and 𝜎2) in VO
and SP structures, we varied their underlying tonal combinations following the
design of Chapter 2, so that the results can be compared with our previous
findings on their tonal realizations in isolation. Specifically, both 𝜎1 and 𝜎2
included High and Low register tones, as well as Rising and Falling contour
tones. We further controlled the surface tonal contours of the final constituents
(i.e., 𝜎3 and 𝜎4): In both structures, we only included Rising tones on 𝜎3 and
did not strictly control the underlying tones of 𝜎4. This is because when pre-
ceded by Rising tones, the final tone does not condition the sandhi contours
(see Chapter 2), which provides us with more flexibility in constructing quadri-
syllabi stimuli. The tonal combinations of the initial and final constituents are
summarized in Table 4.8. In total, 2048 tokens were collected (2 structures ×
2 𝜎1 tonal registers × 2 𝜎1 tonal contours × 2 𝜎2 tonal registers × 2 𝜎2 tonal
contours × 2 𝜎3𝜎4 contours × 16 speakers; see Tables E.3 and E.4 in Appendix
E for the full stimulus list).

Table 4.8: Tonal combinations of 𝜎1, 𝜎2, 𝜎3, and 𝜎4.

Initial constituents Final constituents
𝜎1 𝜎2 𝜎3 𝜎4

Register: High vs. Low High vs. Low High vs. Low not controlledContour: Falling vs. Rising Falling vs. Rising Rising

Procedure and data preparation

The procedure and data preparation process of Experiment 2 were the same as
those of Experiment 1, with only one difference: f0 values were extracted from
the rhymes of both 𝜎1 and 𝜎2 (rather than only from 𝜎1 in Experiment 1), as
the initial constituent size in Experiment 2 increased to disyllables.
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Data analysis

GAMMs were applied to analyze the data from Experiment 2 following simi-
lar procedures as in Experiment 1. The dependent variable of the model is the
normalized f0 values of 𝜎1 and 𝜎2, and the independent variable is a new vari-
able created as the interaction between morphosyntactic structure, underlying
tonal registers and contours of 𝜎1, and underlying tonal registers and contours
of 𝜎2 (with 32 levels: 2 structures × 2 𝜎1 tonal registers × 2 𝜎1 tonal contours
structures × 2 𝜎2 tonal registers × 2 𝜎2 tonal contours).

4.3.2 Results

In this section, we report results on the tonal realizations of the initial con-
stituents in quadri-syllabic VO and SP structures.

Figures 4.6 to 4.9 demonstrate the fitted f0 trajectories of the initial con-
stituents (𝜎1 and 𝜎2) in VO and SP structures, with colours representing the
structure, and the dashed vertical line indicating the syllable boundary. Specif-
ically, f0 trajectories of initial constituents sharing the same underlying tonal
combinations were plotted in the same panel; alongside each of them, the f0
difference between VO and SP structures was plotted, with the red background
indicating where the difference is significantly larger than zero. Figure 4.6 vi-
sualized initial constituents with underlying High Falling tones on𝜎1 and High
Falling (top-left), High Rising (top-right), Low Falling (bottom-left), and Low
Rising (bottom-right) tones on 𝜎2. Similarly, Figures 4.7, 4.8, and 4.9 display
data for initial constituents with Low Falling, High Rising, and Low Rising
tones on 𝜎1 respectively.
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Figure 4.6: Fitted f0 trajectories of the initial constituents starting with High
Falling tone and ending with different underlying tones (Top-left: High Falling;
Top-right: High Rising; Bottom-left: Low Falling; Bottom-right: Low Rising)
in VO (blue) and SP (red) structures. The dashed vertical line indicates syllable
boundary.
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Figure 4.7: Fitted f0 trajectories of the initial constituents starting with Low
Falling tone and ending with different underlying tones in VO (blue) and SP
(red) structures.
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Figure 4.8: Fitted f0 trajectories of the initial constituents starting with High
Rising tone and ending with different underlying tones in VO (blue) and SP
(red) structures.
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Figure 4.9: Fitted f0 trajectories of the initial constituents starting with Low
Rising tone and ending with different underlying tones in VO (blue) and SP
(red) structures.



The VO-SP distinction in phrasal-level tonal realizations 95

In contrast to the results of Experiment 1, where disyllabic VO and SP
structures consistently differ in the f0 trajectories of 𝜎1 (see Figure 4.1), the
distinction seems to disappear in quadri-syllabic VO and SP structures with
disyllabic verbs or subjects, as shown in Figures 4.6 to 4.9. In almost all tonal
combinations, the general f0 patterns between the two structures are the same,
despite the marginal differences towards the end in a few combinations. The
only exception is the HR.LF combination (bottom-left in Figure 4.8), where
the f0 trajectories of VO and SP consistently differ in height. Still, both are
realized in the high pitch register, and their contour shapes pattern alike.

To assess whether the effect of structure is significant for different tonal
combinations, we created 16 ordered factors and re-specified the models. The
GAMM results were summarized in Tables 4.9 and 4.10 respectively. In all but
one tonal combination (i.e., HR.LF), there is no significant difference between
VO and SP structures in the overall height of their f0 trajectories (indicated
by the parametric terms). No significant differences in shape (indicated by the
smooth terms) are found except in HF.HF and LF.HR combinations. In other
words, quadri-syllabic VO and SP structures show no significant differences in
either the pitch height or shape of the initial constituents in most cases.

To sum up, the results of Experiment 2 showed no significant effect of
structure on the f0 trajectories of 𝜎1 and 𝜎2. Disyllabic initial constituents in
quadri-syllabic VO and SP structures pattern alike, indicating that the distinc-
tion observed in Experiment 1 disappears when the size of the initial constituent
increases.
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Table 4.9: Parametric terms modeling the constant difference between fitted
f0 trajectories of VO and SP structures in each tonal combination, indicating
whether their overall heights differ significantly.

𝜎1.𝜎2 Structure Estimate SE t value p value

HF.HF VO – SP -0.400 0.237 -1.691 0.182 n.s.
HF.LF VO – SP -0.400 0.241 -1.660 0.194 n.s.
HF.HR VO – SP -0.155 0.238 -0.651 1.000 n.s.
HF.LR VO – SP -0.473 0.242 -1.953 0.102 n.s.
LF.HF VO – SP -0.288 0.245 -1.174 0.481 n.s.
LF.LF VO – SP -0.210 0.226 -0.929 0.705 n.s.
LF.HR VO – SP 0.195 0.246 0.790 0.859 n.s.
LF.LR VO – SP 0.105 0.236 0.447 1.000 n.s.
HR.HF VO – SP -0.514 0.236 -2.177 0.059 n.s.
HR.LF VO – SP -0.809 0.237 -3.414 0.001 ***
HR.HR VO – SP -0.061 0.237 -0.256 1.000 n.s.
HR.LR VO – SP -0.077 0.223 -0.344 1.000 n.s.
LR.HF VO – SP -0.045 0.246 -0.182 1.000 n.s.
LR.LF VO – SP 0.206 0.237 0.869 0.769 n.s.
LR.HR VO – SP 0.136 0.238 0.570 1.000 n.s.
LR.LR VO – SP 0.193 0.285 0.677 0.996 n.s.
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Table 4.10: Smooth terms modeling the non-linear difference between fitted
f0 trajectories of VO and SP structures in each tonal combination, indicating
whether their shapes differ significantly.

𝜎1.𝜎2 edf Ref.df F value p value

HF.HF VO – SP 1.000 1.000 10.793 0.002 **
HF.LF VO – SP 1.965 2.329 0.714 0.850 n.s.
HF.HR VO – SP 1.001 1.002 0.303 1.000 n.s.
HF.LR VO – SP 2.444 2.928 0.703 0.935 n.s.
LF.HF VO – SP 3.449 4.212 1.588 0.333 n.s.
LF.LF VO – SP 1.000 1.001 0.210 1.000 n.s.
LF.HR VO – SP 8.025 8.594 4.254 <0.001 ***
LF.LR VO – SP 1.001 1.001 2.296 0.259 n.s.
HR.HF VO – SP 2.827 3.469 1.771 0.284 n.s.
HR.LF VO – SP 1.000 1.000 0.241 1.000 n.s.
HR.HR VO – SP 1.001 1.002 0.376 1.000 n.s.
HR.LR VO – SP 1.000 1.000 0.534 0.930 n.s.
LR.HF VO – SP 5.606 6.648 1.470 0.283 n.s.
LR.LF VO – SP 1.000 1.001 0.110 1.000 n.s.
LR.HR VO – SP 1.002 1.003 0.178 1.000 n.s.
LR.LR VO – SP 1.004 1.006 0.267 1.000 n.s.
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4.4 Discussion

The current study aims to shed light on the potential relationship between tone
sandhi and stress at the phrasal level, with experimental data from Shaoxing
Wu Chinese. Specifically, we investigated whether and how disyllabic VO and
SP phrases differ in the tonal realizations of the initial syllables (RQ1), and
whether the distinction (if present) is retained in quadri-syllabic phrases with
disyllabic verbs and subjects (RQ2). Our findings suggest that disyllabic VO
and SP structures display different neutralization of tonal contours on the initial
syllables, but the distinction disappears in quadri-syllabic sequences.

The findings challenge the stress-based account. If phrasal tonal realiza-
tions were determined by stress, in disyllabic phrases, we should have observed
either no difference between the two structures, or a structure-induced differ-
ence manifested as contour neutralization in VO but not in SP (as mentioned
in Section 4.1). Nonetheless, our findings support neither of these predictions:
while we confirmed distinct tonal realizations on 𝜎1 between VO and SP
phrases (see Figure 4.1), 𝜎1 in both structures undergoes contour neutraliza-
tion, though with different surface patterns (see Figures 4.4 and 4.5). These
distinct contour neutralization patterns go against the stress-based prediction.

Furthermore, the stress-based account predicts either consistent presence
or absence of structure-induced distinction in di- and quadri-syllabic phrases,
which contradicts our findings. In quadri-syllabic phrases, both the disyllabic
verb (in VO) and subject (in SP) undergo word level tone sandhi first, then con-
verge at a high f0 end (see Figures 4.6 to 4.9), suggesting the absence of the VO-
SP distinction reported earlier in disyllables. Interestingly, the f0 converging
pattern resembles the tonal realizations of 𝜎1 in disyllabic SP phrases, where
high and low register tones start in their underlying registers and converge to-
wards a high f0 end (i.e., surfacing with high level and low rising contours
respectively, see Figure 4.3). In other words, an f0 converging pattern was ob-
served in all examined structures except for disyllabic VO phrases, suggesting
an interaction between syntactic structure and constituent size in conditioning
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its distribution.
One might argue that the stress-based account can address size sensitivity,

particularly the preference for disyllabic domains, which potentially explains
the distinction between di- and quadri-syllabic VO phrases. For example, by
analyzing the tone sandhi domain as a metrical foot, the stress-based account
can explain the reorganization of a quadri-syllabic mono-morphemic word into
two disyllabic tonal domains in Shanghai Wu (M. Y. Chen, 2000). The absence
of the f0 converging pattern in disyllabic VO phrases might be explained along
similar lines, i.e., that the mono-syllabic verb and noun are grouped into a pre-
ferred disyllabic domain, within which the f0 converging pattern does not occur.
Unfortunately, even under this assumption, the stress-based account falls short:
it fails to explain why the distinction between di- and quadri-syllabic phrases
occurs specifically in VO structures, but not in SP. Moreover, it offers no ac-
count of the f0 converging pattern itself.

Taken together, the phrasal-level tonal realizations in Shaoxing Wu reveal
complexities that cannot be explained by stress, and highlight the need for al-
ternative explanations. To account for the f0 converging pattern, especially a
distribution that is sensitive to both syntactic structure and constituent size, we
suggest that the end-based account previously dismissed by the proponents of
stress-based account (see Section 4.1) deserves reconsideration, for the follow-
ing reasons. First, the end-based approach relies heavily on the formation of
prosodic domains, whose boundaries — particularly at higher levels — can be
tonally marked (see Cho, 2016, for a review). Among tonal languages, tonal
insertion at the boundaries of prosodic domains is not rare (Yip, 2002). For in-
stance, in Kinande, an obligatory H tone is inserted at the end of a Phonological
Phrase; in Luganda, an optional H tone is inserted at the end of an Intonation
Phrase (Hyman, 1990). The converging high f0 observed in our data similarly
suggests the existence of a high tonal target that is likely boundary-induced, al-
though further investigation is needed to determine whether it shares the same
properties of the aforementioned cases. Second, assuming the f0 converging
pattern as boundary-induced, the end-based approach can account for its dis-
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tribution, which is conditioned by both syntactic structure and constituent size.
As reviewed earlier, the end-based account builds on an edge-based theory of
the syntax-phonology interface (Selkirk, 1986; Selkirk & Shen, 1990), which
requires that prosodic domains edge-align with syntactic categories. It should
be noted that this does not entail isomorphism between prosodic and syntactic
structures: prosodic domains can have their own size requirements, which can
overrule or outrank the syntax-prosody mapping principle, resulting in the in-
teraction between syntactic structure and constituent size on prosodic domain
formation (e.g., Elordieta et al., 2005; Ghini, 1993; Prieto, 2005; Selkirk, 2000).

Below we present how a revised version of Selkirk and Shen (1990)’s
end-based analysis, incorporating two additional size constraints, can success-
fully predict the presence of a higher-level prosodic boundary in all structures
demonstrating the f0 converging pattern. Although more recent theories on
syntax-phonology interface have been proposed (e.g., Match Theory, Selkirk,
2011), we adopt the earlier edge-based framework (Selkirk, 1986), as it forms
the theoretical basis of the end-based account previously challenged by the pro-
ponents of stress-based approach. By demonstrating that the current data can be
explained even within this earlier framework, we aim to highlight that the end-
based approach remains a competitive alternative to the stress-based account
and warrants renewed attention.

To recap, Selkirk and Shen (1990) proposed that Prosodic Words left-align
with the edge of lexical words, Phonological Phrases left-align with the edge
of lexical XPs, and Intonation Phrases left-align with the edge of clauses. Note
that the syntax-prosody mapping principle proposed in Selkirk (1986) had not
yet been phrased as constraints in Selkirk and Shen (1990), though formally
expressed as alignment constraints later (e.g., Selkirk, 1996). In the present
analysis, we assume the same syntax-prosody mapping as in Selkirk and Shen
(1990), but phrase them as alignment constraints in (9)-(11) to facilitate further
discussion on their interaction with size constraints.

(9) AlignL(𝜔, X0): align the left edge of every Prosodic Word with the left
edge of a lexical word



The VO-SP distinction in phrasal-level tonal realizations 101

(10) AlignL(𝜑, XP): align the left edge of every Phonological Phrase with
the left edge of a lexical XP

(11) AlignL(𝜄, CP): align the left edge of every Intonation Phrase with the
left edge of a CP

Without additional size constraints, the syntax-prosody mapping above pre-
dicts the same level of prosodic boundary between the initial and final con-
stituents in all examined structures, as illustrated in (12) and (13) with the ex-
amples in (7) and (8). Although both non-lexicalized VO and SP structures are
termed as “phrases” by Chinese dialectologists, the SP structure is in fact a stan-
dalone clause (see the syntactic differences between (12a) and (12b)), which
can be mapped onto an Intonation Phrase. Still, as both object NPs and predi-
cate VPs are lexical XPs, such analysis predicts a left 𝜑-boundary between the
initial and final constituents in all structures (see (13)).

(12) Syntactic structures of (7) and (8)

a. i. [𝑉𝑃[𝑉0 tCi6] [𝑁𝑃[𝑁0 huo]]]

‘to water flower(s)’

ii. [𝑉𝑃[𝑉0 tshẽ kuø̃] [𝑁𝑃[𝑁0 Ci6 tCy]]]

‘to visit residential community’

b. i. [𝐶𝑃[𝑁𝑃[𝑁0 sæ̃]] [𝑉𝑃[𝑉0 k6]]]

‘mountain (is) high’

ii. [𝐶𝑃[𝑁𝑃[𝑁0 s9N iN]] [𝑉𝑃[𝑉0 CiaN liaN]]]

‘sound (is) loud’
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(13) Prosodic structures of (12) predicted by (9)-(11)8

a. i. (𝜑(𝜔 tCi6 (𝜑(𝜔 huo

ii. (𝜑(𝜔 tshẽ kuø̃ (𝜑(𝜔 Ci6 tCy

b. i. (𝜄(𝜑(𝜔 sæ̃ (𝜑(𝜔 k6

ii. (𝜄(𝜑(𝜔 s9N iN (𝜑(𝜔 CiaN liaN

Considering the presence of the converging f0 pattern in all structures ex-
cept disyllabic VO, it is reasonable to assume that the left 𝜑-boundary intro-
duces a high tonal target on its immediately preceding syllable,9 which can
account for the observed pattern in the majority of cases. This suggests the
prosodic structures in (14) instead. The remaining issue is the absence of the
left 𝜑-boundary in disyllabic VO as (14) indicates, specifically its distribution
sensitive to constituent size and syntactic structure.

(14) Prosodic structures of (12) suggested by the tonal patterns

a. i. (𝜑(𝜔 tCi6 (𝜔 huo

ii. (𝜑(𝜔 tshẽ kuø̃ (𝜑(𝜔 Ci6 tCy

b. i. (𝜄(𝜑(𝜔 sæ̃ (𝜑(𝜔 k6

ii. (𝜄(𝜑(𝜔 s9N iN (𝜑(𝜔 CiaN liaN

To account for the size sensitivity (i.e., the distinction between disyllabic
VO (14a-i) and quadri-syllabic VO (14a-ii)), we first propose that a Prosodic

8It should be noted that AlignL only predicts the position of left boundary without speci-
fying where right boundary occurs. The original edge-based theory presumes Strict Layering
Hypothesis (Selkirk, 1986), which would place right boundaries in a way that avoids recursive
prosodic constituents. Yet, more recent studies within the framework allow for recursion (e.g.,
Ito & Mester, 2021), making the placement of right boundaries less straightforward and a mat-
ter requiring further discussion. Considering that a detailed discussion on recursion falls beyond
the scope of this study, and the placement of left 𝜑-boundaries is the main focus of the present
analysis, we mark only the left prosodic boundaries in the following examples.

9In the present analysis, we assume syntactic and prosodic constituents to be aligned at the
left edges following Selkirk and Shen (1990). One might wonder if they are instead aligned at
the right edges in ShaoxingWu, with the right𝜑-boundaries introducing the high tonal target. If
that is the case, however, the f0 converging pattern should also occur at the end of each phrase,
rather than just occur between two constituents within the phrase.
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Wordmust consist of at least two syllables, which is commonly observed across
languages (e.g., Dixon, 1977; Hale, 1973) and has been adopted to analyze
other Northern Wu (e.g., Lyu, 2019, on Ningbo Wu):

(15) BinMin(𝜔, 𝜎): a Prosodic Word must dominate a minimum of two syl-
lables.

Note that BinMin(𝜔,𝜎) must outrank AlignL(𝜔, X0) and AlignL(𝜑, XP) to
optimize prosodic parses that yield an internal left 𝜑-boundary in (14a-ii) but
not in (14a-i). As shown in (16), parsing the monosyllabic verb and noun in
disyllabic VO into two separate Prosodic Words and subsequently two Phono-
logical Phrases is non-optimal due to the violation of BinMin(𝜔, 𝜎). Instead,
parsing the whole disyllabic VO sequence as a single Prosodic Word is opti-
mal, though violating the lower-ranked AlignL(𝜔, X0) and AlignL(𝜑, XP). On
the other hand, parsing the disyllabic verb and noun in quadri-syllabic VO into
two separate Prosodic Words and subsequently two Phonological Phrases is
optimal, with no constraints violated (see candidate (a) in (17)).

(16)
[𝑉𝑃[𝑉0 tCi6] [𝑁𝑃[𝑁0 huo]]] BinMin(𝜔, 𝜎) AlignL(𝜑, XP) AlignL(𝜔, X0)

a. (𝜑(𝜔tCi6 (𝜑(𝜔huo ∗!
� b. (𝜑(𝜔tCi6 huo ∗ ∗

(17)
[𝑉𝑃[𝑉0 tshẽ kuø̃] [𝑁𝑃[𝑁0 Ci6 tCy]]] BinMin(𝜔, 𝜎) AlignL(𝜑, XP) AlignL(𝜔, X0)

� a. (𝜑(𝜔tshẽ kuø̃ (𝜑(𝜔Ci6 tCy

b. (𝜑(𝜔tshẽ kuø̃ Ci6 tCy ∗! ∗!

Let us now consider the VO-SP distinction in disyllables (i.e., between
(14a-i) and (14b-i)). If we assume no other size constraints at play, to satisfy
BinMin(𝜔,𝜎), (14b-i) should be parsed as a single ProsodicWordwithout inter-
nal 𝜑-boundaries. Yet, such an analysis wrongly predicts no VO-SP distinction
in disyllables either, confronting a challenge similar to that encountered by the
stress-based account as previously discussed. It should be noted that size con-
straints at higher prosodic levels have been reported (e.g., Phonological Phrase:
Selkirk, 2011, Elfner, 2015; Intermediate Phrases: Elordieta, 2007; Intonation
Phrase: L. L.-S. Cheng and Downing, 2021), which can come to rescue. As
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mentioned earlier, different from VO structures, SP structures can be mapped
onto Intonation Phrases. To account for the presence of the left 𝜑-boundary in
disyllabic SP but not in VO, we further propose that an Intonation Phrase must
consist of at least two Phonological Phrases in Shaoxing Wu, as shown in (18).

(18) BinMin(𝜄, 𝜑): an Intonation Phrase must dominate a minimum of two
Phonological Phrases.

To optimize prosodic parses that yield an internal left 𝜑-boundary in (12b-
i), BinMin(𝜄, 𝜑) and AlignL(𝜄, CP) should outrank BinMin(𝜔, 𝜎). As shown in
(19), candidate (b) is non-optimal: it will result in an Intonation Phrase consist-
ing of only one Phonological Phrase, which violates BinMin(𝜄, 𝜑). Candidate
(c) is not optimal either, as it parses (14b-i) as a single Phonological Phrase
without further mapping it onto an Intonation Phrase, thus violating AlignL(𝜄,
CP). Instead, candidate (a) is optimal, though violating the lower-ranked size
constraint BinMin(𝜔, 𝜎).

(19)
[𝐶𝑃[𝑁𝑃[𝑁0 sæ̃]] [𝑉𝑃[𝑉0 k6]]] AlignL(𝜄, CP) BinMin(𝜄, 𝜑) BinMin(𝜔, 𝜎) AlignL(𝜑, XP) AlignL(𝜔, X0)

� a. {𝜄(𝜑(𝜔sæ̃ (𝜑(𝜔k6 ∗
b. {𝜄(𝜑(𝜔sæ̃ k6 ∗! ∗ ∗
c. (𝜑(𝜔sæ̃ k6 ∗! ∗ ∗

As for the quadri-syllabic SP sequence (14b-ii), the disyllabic noun and
verb can be parsed into two separate Prosodic Words without violating
BinMin(𝜔, 𝜎). The disyllabic subject NP and disyllabic predicate VP can
be further parsed into two 𝜑. The whole SP structure is then parsed as an Into-
nation Phrase, with all the alignment constraints and size constraints satisfied
(see candidate (a) in (20)).

(20)
[𝐶𝑃[𝑁𝑃[𝑁0 s9N iN]] [𝑉𝑃[𝑉0 CiaN liaN]]] AlignL(𝜄, CP) BinMin(𝜄, 𝜑) BinMin(𝜔, 𝜎) AlignL(𝜑, XP) AlignL(𝜔, X0)

� a. {𝜄(𝜑(𝜔s9N iN (𝜑(𝜔CiaN liaN

b. {𝜄(𝜑(𝜔s9N iN CiaN liaN ∗! ∗ ∗

To sum up, with the interaction between alignment and size constraints,
our proposed end-based analysis predicts a left 𝜑-boundary between the initial
and final constituents in all structures demonstrating the f0 converging pattern
(i.e., disyllabic SP, quadri-syllabic VO, and quadri-syllabic SP). Regarding the
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f0 converging pattern as introduced by the 𝜑-boundary on its immediately pre-
ceding syllable, we can account for how syntactic structure and constituent size
interact to condition the observed tonal realizations.

Before concluding this chapter, we acknowledge one limitation of the pro-
posed end-based analysis: the contour neutralization on initial syllables in di-
syllabic phrases remains unaddressed. It should be noted that the neutraliza-
tion pattern does not necessarily favor the stress-based account, considering
substantial evidence for de-linking tonal realizations from stress in Shaoxing
Wu. Additional mechanism may be needed to fully explain this pattern. One
possible direction is to appeal to prominence in a broader sense than stress:
since not all constituents within a prosodic domain are equally prominent by
virtue of their structural position, neutralization may systematically target less
prominent positions. For now, we leave it open for future investigation. The
key insight from our findings is that, the previously assumed superiority of
stress-based account over its end-based alternative has been challenged by the
additional complexities reported in ShaoxingWu: while the contour neutraliza-
tion is not directly predicted by the end-based analysis, the stress-based account
faces even greater challenges in explaining the f0 converging pattern, especially
how syntactic structure and constituent size interact to condition its distribution.
As the current study was not specifically designed to resolve these two compet-
ing views, future research on phenomena that directly probe the debate could
provide more insights. Crucially, tone-stress interaction should not be taken
as a given, as such assumptions may hinder our further understanding of the
phrasal-level tonal realizations.

4.5 Conclusion

This chapter presents experimental data from Shaoxing Wu Chinese, examin-
ing the potential relationship between tone sandhi and stress at the phrasal level.
The results indicate an interaction between syntactic structure and constituent
size on conditioning the tonal realizations of the phrasal-initial constituents,
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which challenges the stress-based account and provides evidence supporting
its end-based alternative. In line with our previous findings on words and com-
pounds, we advocate for a more cautious approach in taking a simple tone-
stress interaction for granted. The complexities revealed in this study further
highlight the need for investigating a broader range of structures and lengths:
the observed VO-SP distinction in ShaoxingWu raises the possibility that simi-
lar patterns might exist in other Northern Wu, but have been overlooked due to
the traditional focus on VO structures; moreover, the new insights gained from
longer phrases suggest the importance of moving beyond disyllabic sequences.

Several limitations of this study should be noted. First, the relatively small
sample size (i.e., two items in each condition) limits the statistical power of our
findings, necessitating replication with a larger corpus to validate the observed
patterns. Second, to confirm previous impressionistic observations (e.g., Wang,
2015), we focused on the simplest VO and SP structures produced in isolation.
Future studies could investigate more complex syntactic constructions (e.g.,
subject-verb-object), ideally in more natural settings (e.g., in conversations),
which might contribute to a better understanding of tonal realizations at the
phrasal and utterance levels.



CHAPTER5

General discussion and conclusion

This dissertation aims to investigate the interaction between tone sandhi and
stress in Shaoxing Wu Chinese, a dialect exhibiting complex tone sandhi
patterns. Through a series of controlled acoustic experiments, we examined
whether stress can account for tonal realizations across various domains, from
disyllabic words (Chapter 2) to trisyllabic compounds (Chapter 3) and to
phrasal structures of varying lengths (Chapter 4). In the following sections,
we summarize the main findings of each chapter, discuss their theoretical
implications, and suggest directions for future research.

5.1 Main findings

Chapter 2 investigated complex disyllabic tone sandhi at the word level in
Shaoxing Wu and its potential interaction with stress. Two research questions
were addressed: whether left- and right-dominant sandhi patterns coexist at the
word level, and whether these patterns are stress-conditioned. The results con-
firm that both sandhi dominance patterns coexist. Specifically, words starting
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with Rising tones exhibit left-dominant patterns, with the final syllable’s un-
derlying tone neutralized; in contrast, words starting with Falling tones display
right-dominant characteristics, with the initial syllable surfacing as level-ish
contour, and the final syllable potentially preserving its underlying contour.
Nonetheless, no durational evidence was found to support a stress-based ac-
count of this distinction: the final syllable was consistently longer than the ini-
tial one regardless of sandhi dominance pattern. These findings offer a more
nuanced picture of the left- vs. right-dominant sandhi distinction by providing
new evidence of their coexistence in the same dialect, and establish a solid
foundation for subsequent investigations as reported in Chapters 3 and 4. More
importantly, the absence of compelling durational evidence for stress in dialects
with complex sandhi calls for a more scrutinized approach to stress-based ac-
counts of tone sandhi across Sinitic varieties.

Chapter 3 extended the investigation of the relationship between tone
sandhi and stress to trisyllabic compounds in Shaoxing Wu. The primary goal
was to examine whether stress systematically conditions both tonal realiza-
tion and the sandhi domain formation across disyllabic words and trisyllabic
compounds, even in the absence of overt acoustic correlates. Two research
questions were addressed: whether trisyllabic compounds of different struc-
tures (2+1 vs. 1+2) vary in their sandhi domain formation, and whether both
initial and non-initial tones condition the tonal realizations as the stress-based
account predicts. Experimental data suggest that all 2+1 and the vast major-
ity of 1+2 compounds form one single sandhi domain, within which the f0
contours are primarily conditioned by the tonal identity of the initial syllable.
The results were incompatible with a straightforward stress-based account,
demonstrating that stress is not as effective in explaining complex tone sandhi
patterns as it is for typical left- or right-dominant patterns. Furthermore, trisyl-
labic sandhi patterns show notable similarity with their disyllabic counterparts,
suggesting an alternative analysis whereby sandhi contours extend from a
substituted tonal melody; the apparent preservation of non-initial tones in
disyllables might result from coinciding with part of that melody. These find-
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ings contribute to a more comprehensive understanding of complex sandhi
patterns, and highlight the importance of investigating less-studied dialects
with complex sandhi patterns in larger domains.

Chapter 4 examined the phrasal-level tonal realizations in Shaoxing Wu,
focusing on the alleged distinction between verb-object (VO) and subject-
predicate (SP) structures. While differences in tonal realizations between
phrases and words/compounds have often been cited as supporting evidence
for tone-stress interaction, the VO-SP distinction is not predicted by stress-
based accounts and is rarely documented in other dialects. Through controlled
experiments, we confirmed that disyllabic VO and SP structures in Shaoxing
Wu differ in the tonal realizations of their initial syllables (Experiment 1).
Specifically, they display different patterns of tonal contour neutralization,
contrary to stress-based predictions. However, the distinction between disyl-
labic VO and SP does not carry over to quadri-syllabic cases (Experiment 2).
These findings demonstrate an interaction between syntactic structure and con-
stituent size in conditioning phrasal-initial tonal realizations, which cannot be
adequately explained by stress-based accounts and instead favors an end-based
alternative. Notably, all examined cases except for disyllabic VO structures ex-
hibited an f0 converging pattern towards a higher tonal target at the end of the
initial constituent, suggesting the presence of a boundary-induced high tone.
To account for its distribution, we proposed that in addition to syntax-prosody
correspondence constraints, prosodic constituent formation in Shaoxing Wu is
conditioned by size constraints on both ProsodicWords and Intonation Phrases.
In line with the overall findings of this dissertation, this chapter advocates for
a cautious approach to the presumed role of stress at the phrasal level and
highlights the necessity of investigating a broader range of structures.
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5.2 Theoretical implications

5.2.1 Tone sandhi and stress

Our findings consistently demonstrate that stress cannot adequately account for
the complex sandhi patterns observed in Shaoxing Wu. Specifically, we reveal
two limitations of stress as an explanatory mechanism in this dialect.

First, we found no independent acoustic correlates of stress beyond tonal
patterns themselves. Through a durational analysis of disyllabic words, we
examined a cross-linguistically robust phonetic correlate of stress, and found
no evidence for different stress placement that would align with the observed
sandhi patterns. This stands in contrast to most languages exhibiting tone-stress
interaction, where stress is marked by overt acoustic cues (e.g., Gruber, 2011;
Potisuk et al., 1996), allowing for independent verification of its presence and
location. Although our analysis was limited to disyllabic words in isolation
and would benefit from further investigation with carrier sentences to control
for potential final lengthening effects, our findings raise doubts about the role
of stress in conditioning sandhi dominance of Shaoxing Wu.

Second, stress fails to provide a coherent account of tonal realizations
across different domains in Shaoxing Wu. Even setting aside the absence of
phonetic evidence, the patterns observed at word, compound, and phrasal
levels resist unified stress-based explanations. This failure is particularly re-
vealing when contrasted with dialects such as Shanghai Wu, where stress,
though phonetically elusive, nonetheless offers consistent explanations for
tonal realizations across different domains (e.g., M. Y. Chen, 2000; Duanmu,
1993).

It bears repeating that identifying tone-stress interaction requires verifying
the existence of stress through independent evidence, whether phonetic corre-
lates or consistent phonological patterning across multiple domains, rather than
inferring it circularly from the very tonal patterns it seeks to explain. Without
such evidence, stress-based accounts become unfalsifiable and risk obscuring
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alternative mechanisms that may better account for the observed phenomena.
Taken together, our findings reveal no such independent evidence for stress in
Shaoxing Wu, challenging its explanatory adequacy for complex sandhi pat-
terns.

These findings raise further questions about the generalizability of stress-
based accounts across Sinitic varieties. A prevailing view in the literature holds
that all Sinitic varieties share a unified stress system that underlies foot forma-
tion and shapes tonal phenomena (e.g., Duanmu, 2005). However, our data
demonstrate that this assumption is at least not straightforward, if not unten-
able, for Shaoxing Wu, which exhibits complex sandhi patterns. It should be
noted that our findings do not preclude the validity of stress-based accounts
in other contexts. For instance, stress has been shown to provide a systematic
cross-domain account of tonal realizations in Shanghai Wu (see Chapters 1 to
4), and offers an analytical perspective for understanding the contrast between
full and neutral tones in Mandarin (e.g., Chao, 1968; C.-C. Cheng, 1973; W.
Li, 1981). Nonetheless, its explanatory success does not necessarily extend to
similar or neighboring varieties. Before attributing tonal phenomena to stress,
therefore, it is necessary to seek evidence for the presence of stress within each
dialect individually, rather than generalizing any observed tone-stress interac-
tion to Sinitic varieties as a whole.

One might go further and argue, following Feng (2025a), that tone and
stress are in fact manifestations of the same metrical phenomenon: both the L-
H alternation constituting a tone and the strong-weak alternation constituting a
foot can be regarded as organized by a single principle of relative prominence,
differing only in the level at which this principle applies. We do not have direct
evidence to rule out this possibility, which provides an elegant account of the
parallels between tonal and metrical structures. Adopting such a view, however,
does not eliminate the need for independent empirical evidence. Demonstrating
the existence of a higher-level metrical structure still requires evidence beyond
a reinterpretation of the very tonal phenomenon it is intended to explain. Oth-
erwise, analyzing tone and stress within a unified metrical framework risks be-
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coming a notational shift rather than an empirically motivated analysis, leaving
the concern of circularity unresolved in a different form.

Overall, throughout this dissertation, we advocate for a more cautious and
empirically grounded approach to attributing tone sandhi to stress in Sinitic
varieties. While stress-based accounts have proven valuable for dialects with
typical left- or right-dominant sandhi patterns, our findings from Shaoxing Wu
demonstrate that such accounts cannot be extended without direct evidence.

5.2.2 Tone sandhi across Northern Wu: General tendencies

Although initially motivated by questions about tone-stress interaction, our
study revealed systematic sandhi patterns that align Shaoxing Wu with other
Northern Wu. These convergent phenomena suggest more general tendencies
in tone sandhi across Northern Wu that operate independently of metrical
structure, and prompt reconsideration of how we interpret seemingly complex
sandhi patterns.

Pattern extension following pattern substitution

First, pattern extension may be a more general tendency across Northern Wu,
even in dialects that appear to exhibit complex sandhi patterns. In Shaoxing
Wu, sandhi contours do not directly spread from the initial syllable’s under-
lying tone, and are further complicated by other conditioning factors, partic-
ularly in disyllables. Still, through comparison of sandhi contours across dif-
ferent domain lengths, we observed pattern extension analogous to the typical
left-dominant sandhi, though from a substituted tone conditioned by the initial
underlying tone (and occasionally the historical tonal categories of non-initial
syllables, which will be discussed later).

Notably, pattern extension preceded by substitution has also been reported
in Wuxi Wu (Chan & Ren, 1988), and our data provide corroborating evidence
for the broader applicability of this process. Given that observing pattern exten-
sion clearly requires examining larger domains, especially when pattern substi-
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tution is involved, a question naturally arises: might otherWu dialects currently
analyzed as having irregular or complex sandhi systems actually exhibit pattern
extension, which has gone undetected due to insufficient data from longer se-
quences?

This speculation finds support in observations from other Wu dialects with
complex tone sandhi. In XiangshanWu, for instance, trisyllabic sandhi patterns
mirror their disyllabic counterparts, even though not directly extended from the
initial syllable’s underlying tone (Y. Shi et al., 2023). What makes these pat-
terns particularly noteworthy is that several sandhi contours bear striking resem-
blance to those documented in Shaoxing Wu. With underlying LHL.LHL.HH
or LHL.LHL.LHL tonal combinations, trisyllabic compounds in Xiangshan
Wu display three tone sandhi variants1: in one variant, the first syllable surfaces
with a low level contour, the second with a rising contour, and the third with
a falling contour, remarkably similar to trisyllables starting with low falling
tones in Shaoxing Wu; in another variant, the first syllable surfaces with a low
level-ish rising contour, the second as level, and the third as falling, resembling
those starting with low rising tones in Shaoxing Wu.

It should be noted that all trisyllabic compounds of Xiangshan Wu pre-
sented in Y. Shi et al. (2023) exhibit a 2+1 structure, which was analyzed as
involving cyclic application of tone sandhi: the initial disyllabic constituent un-
dergoes sandhi first, after which the second syllable’s sandhi tone extends to
the third syllable. Nonetheless, similar sandhi contours were observed in both
1+2 and 2+1 compounds of Shaoxing Wu, which cannot be adequately ana-
lyzed with cyclic application of tone sandhi. Currently available acoustic data
from Xiangshan Wu remain limited regarding tonal combinations and com-
pound structures in trisyllables, precluding comprehensive comparison with
the Shaoxing patterns. Nevertheless, the similarities in the documented cases
invite the hypothesis that Xiangshan Wu may involve similar substitution-and-

1As noted in Y. Shi et al. (2023), the choice of these sandhi variants is not correlated with
the tone of the non-initial syllables, speakers, items, or other factors; they are therefore treated
as a set of free variants.
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extension process as proposed for Shaoxing Wu, though what conditions the
substituted tone remains to be further investigated.

Jinshan Wu presents another suggestive case. Rose and Yang (2024) doc-
umented that disyllables with underlying falling.falling or falling.level tonal
combinations undergo substantial tonal changes: the first syllable surfaces with
either high level-ish rising or low rising pitch depending on its original register,
while the second syllable surfaces with a high falling contour. To account for
these patterns, Rose and Yang (2024) proposed a series of derivational rules.
However, these sandhi contours closely resemble those of disyllables starting
with rising tones in Shaoxing Wu. An alternative interpretation is that they re-
flect pattern extension from a substituted tone, which might offer a more par-
simonious account, though this hypothesis needs to be tested with data from
longer sequences in Jinshan Wu.

Note that we do not intend to challenge existing analyses of these dialects,
but rather to draw attention to the cross-dialectal similarities in sandhi contours.
It is worth investigating whether this similarity is purely coincidental, or pat-
tern substitution and extension are indeed more widespread than previously as-
sumed, potentially involving a limited set of “prototypical” contours or melodic
templates. If the latter is the case, many seemingly irregular patterns might turn
out to be systematic.

These considerations lead to a key insight from our studies: in dialects with
complex tone sandhi, it may be helpful to treat the sandhi contour as a whole
rather than to focus exclusively on the correspondence between surface and
underlying tones. This perspective may be informative even for dialects where
pattern extension is not readily detectable in disyllabic sequences. Evaluating
these possibilities, of course, will require substantial new empirical work.More
acoustic data are needed from dialects with complex sandhi, especially from
larger domains, with attention to the sandhi contours rather than syllable-by-
syllable tonal alternations.
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The effect of historical tonal categories

Related to pattern extension is the second general tendency, namely the effect
of the historical tonal categories of non-initial syllables on sandhi contours,
which sometimes obscures the extension and makes it difficult to identify at
first glance. Our findings demonstrate the effect of historical tonal categories
on disyllabic tone sandhi, which has been frequently reported across North-
ern Wu (e.g., M. Y. Chen & Zhang, 1997; Kuang et al., 2018; Rose & Yang,
2024). Interestingly, we further observed that the effect diminishes in longer se-
quences. This aligns with the tendency of sandhi pattern simplification inWuxi
Wu (Chan & Ren, 1988): distinct sandhi contours conditioned by the historical
tonal categories of the second syllable are observed in disyllables, but they tend
to merge in tri- and quadri-syllabic sequences.

Although the diminished effect of historical tonal categories is less fre-
quently reported in the literature, likely due to the scarcity of acoustic data
from larger domains, impressionistic descriptions provide evidence on similar
tendencies in other Northern Wu. Consider Chongming Wu, where historical
tonal categories are vital in the description of tone sandhi behaviors (M. Y.
Chen & Zhang, 1997). In disyllables, the specific Middle Chinese categories of
non-initial syllables condition tone sandhi patterns, whereas trisyllabic sandhi
patterns are comparatively simpler, with only the broader distinction between
“even” (i.e., Middle Chinese Ping and Ru tones) and “oblique” tones (i.e., Mid-
dle Chinese Shang and Qu tones)2 playing a role (M. Y. Chen & Zhang, 1997).
Although the effect of historical categories does not disappear entirely as it
does in Shaoxing Wu, both dialects demonstrate systematic diminishing of this
effect as domain length increases, suggesting a cross-dialectal tendency.

Taken together, while the historical categories of non-initial syllables have
been repeatedly reported to condition sandhi patterns across Northern Wu, its

2Traditionally, “even” tones (平声) refers to Middle Chinese Ping tones, while “oblique” (仄
声) covers Shang, Qu, and Ru tonal categories. M. Y. Chen and Zhang (1997) redefined these
terms in their description of tone sandhi in Chongming Wu, and we follow their usage here for
clarity.
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diminishing effect in larger domains may be equally widespread, though re-
ceiving considerably less scholarly attention. Assessing how general this ten-
dency is requires additional acoustic data from larger domains in dialects where
effects of historical category have been reported. In addition, the underlying
mechanism driving the influence of the historical categories of non-initial syl-
lables, as well as its tendency to diminish in larger domains, deserves further
investigation. Chan and Ren (1988) propose that this may reflect an ongoing
sound change toward simpler sandhi patterns, though more diachronic data
would be helpful for evaluating this hypothesis.

f0 converging pattern

Third, our findings reveal that despite variations conditioned by the initial tone
and occasionally the historical categories of non-initial syllables, f0 trajectories
converge towards a low tonal target as domain length increases. This echoes
findings previously reported in Shanghai (Y. Chen, 2008; Takahashi, 2019) and
Suzhou Wu (F. Ling, 2011), adding to the existing body of evidence on f0 con-
vergence in Northern Wu. Specifically, our data come from a dialect with more
complex tone sandhi, suggesting that this phenomenon may be a more general
tendency across Northern Wu.

What makes this converging pattern intriguing is its potential to advance
our understanding of tonal realizations on non-initial syllables in Northern Wu.
The general consensus for dialects demonstrating typical left-dominant sandhi
is that the first non-initial syllable re-associates with a tone decomposed from
the initial tone, while the remaining associate with an inserted default low tone
(e.g., M. Y. Chen, 2000). Nonetheless, the converging pattern, particularly the
temporal dynamics of f0 lowering, motivates further discussion on the nature
of the low tone. Observing that the f0 lowering already starts before the end of
the first non-initial syllable and approaches near convergence at later syllables,
Y. Chen (2008) and F. Ling (2011) proposed the existence of a low or mid tone
target for all non-initial syllables. Specifically, its phonetic implementation is
weak compared to underlying lexical tones and requires larger domains to man-
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ifest, which is remarkably comparable to the neutral tone in Mandarin (e.g.,
Y. Chen & Xu, 2006). Along a different line, Takahashi (2019) attributed the
converging pattern in Shanghai Wu to a boundary low tone at the right edge of
a phonological word. This analysis, however, struggles to explain why f0 fails
to reach target values by the end of disyllabic words in Shanghai Wu.

Regardless of which theoretical account ultimately proves more adequate
across dialects, or whether different dialects require different analyses, it is
clear that the nature of this low tone differs from lexical low tones and de-
serves further investigation. Our data suggest Shaoxing Wu as a valuable case
for such inquiry, though we lack fine-grained measurements on the time course
of f0 converging (since they were not originally collected to address this is-
sue). Moreover, as discussed in Chapter 3, our stimuli were produced in isola-
tion rather than embedded in carrier sentences, which might induce more pro-
nounced f0 lowering due to the utterance-final position. Future studies should
pay closer attention to the time course of f0 convergence and embed the stimuli
in carrier sentences, which would allow for more direct comparison with previ-
ous studies in the literature. Beyond the aforementioned dialects, it would also
be valuable to investigate whether other Northern Wu demonstrate similar con-
vergence patterns. If so, bringing together cross-dialectal data might contribute
to a more comprehensive understanding of the tonal realizations of non-initial
syllables.

Overall, the general tendencies across Northern Wu demonstrate that the
underlying sources of seemingly complex sandhi patterns can be manifold: po-
tentially complicated by ongoing sound changes, the surface sandhi contours
result from the extension of a substituted tonal melody on the initial syllable,
which further interact with a low tonal target. This becomes clearer only with
acoustic data from dialects exhibiting complex sandhi, particularly from larger
domains. Recognition of these patterns further requires moving beyond the tra-
ditional analytical focus on whether individual syllables preserve or neutralize
their underlying tones. While such underlying-to-surface comparisons prove
valuable for certain dialects with typical left- or right-dominant sandhi patterns,
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exclusive reliance on it risks becoming a theoretical hammer that shapes every
seeming tonal alternation into a stress-related nail.

5.2.3 Syntax-prosody mapping

With controlled experimental data on phrasal-level tonal realizations in Shaox-
ing Wu, this dissertation further contributes empirical evidence to how mor-
phosyntactic structure and constituent size interact in prosodic constituent for-
mation, which is a central issue in syntax-prosody mapping studies.

While it is widely accepted that prosodic constituents map onto their corre-
sponding syntactic constituents (e.g., Selkirk, 1986; Truckenbrodt, 1999), their
formation is also constrained by phonological factors, among which size con-
straints play a well-attested role (e.g., Elordieta et al., 2005; Ghini, 1993). Our
data revealed distinct tonal realizations between disyllabic VO and SP struc-
tures, likely reflecting different levels of prosodic boundaries, but the distinc-
tion disappears as the constituent size increases. This suggests that size con-
straints interact with syntax-prosody correspondence constraints in Shaoxing
Wu, which adds to the growing literature on their interplay in prosodic con-
stituent formation.

Specifically, we have proposed size constraints on both Prosodic Word and
Intonation Phrase for Shaoxing Wu, the latter being a constraint less frequently
reported. Though tentative and requiring further validation through more com-
plex structures, our proposal suggests that ShaoxingWu can serve as a test case
for further investigating size constraints on higher-level prosodic constituents.
Furthermore, given the proposed size constraints on Prosodic Word and Intona-
tion Phrase, a question arises as to whether similar constraints also apply at the
level of Phonological Phrase, which remains to be explored in future research.

Our findings, once supported by additional data, might also contribute
to the study of cross-dialectal variation in syntax-prosody mapping. The con-
straints involved in prosodic constituent formation and their ranking are known
to vary across languages (e.g., Selkirk, 2011), though less attention has been
paid to cross-dialectal variation in Sinitic varieties. With empirical data from
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Shaoxing Wu, we observed a potential difference from the widely studied
Northern Wu dialect, Shanghai Wu. To account for the observed patterns in
Shaoxing Wu, we proposed a size constraint requiring an Intonation Phrase
to dominate at least two Phonological Phrases, which outranks the syntax-
prosody correspondence constraint mapping a Phonological Phrase onto a
lexical XP. In contrast, previous studies on Shanghai Wu have reported no
distinction between VO and SP structures, let alone further interaction with
constituent size. A Phonological Phrase is typically analyzed as being directly
mapped onto lexical XPs (e.g., Selkirk & Shen, 1990), suggesting that the
size constraint we propose for Shaoxing Wu is either inactive or significantly
lower-ranked in Shanghai Wu. It should be noted that existing syntax-prosody
studies on Shanghai Wu are primarily based on impressionistic or limited
acoustic documentation. Therefore, the observed difference may stem from
the lack of controlled acoustic studies comparing VO and SP structures of
varying lengths in Shanghai Wu. Direct acoustic comparison between the two
dialects is thus essential to confirm this proposed cross-dialectal variation.

5.3 Limitations and future research

Despite the theoretical contributions and the future directions already men-
tioned in Section 5.2, several limitations of the current studies should be ac-
knowledged.

First, as the data were collected in a fieldtrip during COVID-19, recording
sessions had to be kept relatively short in order to accommodate participants’
availability and health considerations. As a result, the number of tokens per con-
dition was necessarily constrained, which limits statistical power of the current
studies. Although the observed patterns were consistent and theoretically infor-
mative, a larger dataset would allow for more reliable modeling of interaction
effects and greater confidence in subtle phonetic differences. In addition, the
target stimuli were elicited in isolation rather than embedded in carrier sen-
tences. As all items were produced in utterance-final position, the results may
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have been influenced by prosodic boundary effects, including potential final
lengthening and f0 lowering. Future studies could address this limitation by
embedding target items in controlled carrier sentences.

Second, our discussion of tonal neutralization only concerns whether tonal
contrasts are preserved or neutralized in speech production. Given that neutral-
ization in production does not necessarily entail neutralization in perception,
and vice versa, future research examining whether listeners can perceptually
distinguish the allegedly neutralized tonal categories would provide a crucial
complement to the current findings.

Third, several aspects of tone sandhi patterns in trisyllabic compounds ex-
amined in Chapter 3 remain open for future work. Although we observed inter-
esting variation in these sandhi patterns and attributed the distinction between
general and alternative patterns to differences in sandhi domain formation, our
understanding of the alternative pattern remains limited. Specifically, its re-
stricted distribution across certain tonal sequences and the tonal realizations
of the initial syllable are not yet fully understood. Future research targeting
the alternative pattern more directly would be highly valuable. In addition,
compounds in both formal and informal registers were mixed in the stimuli
of Chapter 3. Since the general and alternative patterns are each observed in
both formal and informal compounds, register difference cannot fully account
for the variation. Still, given the well-known register effects on speech variants
in Sinitic varieties (see, e.g., Feng, 2025b, for recent discussion on Mandarin),
more careful control of register in future studies would be helpful.

5.4 Conclusion

This dissertation investigates the interaction between tone sandhi and stress
in Shaoxing Wu Chinese through a series of controlled acoustic experiments,
across disyllabic words, trisyllabic compounds, and phrasal structures of vary-
ing lengths. This work leaves us with two key messages.

First, our findings highlight the importance of examining complex sandhi
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patterns. The field’s understanding of tone sandhi has been shaped largely by
dialects with typical left- or right-dominant patterns. Yet, beyond the widely
studied cases, there is considerably more left to discover. The complex patterns
observed in Shaoxing Wu reveal more general tendencies across Northern Wu,
and offer new insights to the underlying sources of seemingly complex surface
contours. More investigations into dialects like Shaoxing Wu would further
refine our understanding of tone sandhi.

Second, caution is warranted when invoking stress as the mechanism to ac-
count for tone sandhi. In Shaoxing Wu, we observed no independent acoustic
correlates of stress beyond tonal patterns themselves, and stress fails to provide
a coherent account of tonal realizations across different domains. This is not to
deny the role of stress in tonal phenomena entirely. However, simply presum-
ing a mechanistic account of stress for tone sandhi, without direct empirical
evidence, risks hindering our further understanding of the more complex pic-
ture that dialects like Shaoxing Wu offer.
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APPENDIXA

Stimulus list in Chapter 2

Table A.1: Stimulus list of disyllabic words. HF, LF, HR, and LR denote High
Falling, Low Falling, High Rising, and Low Rising tones, respectively.

𝜎1 𝜎2 Item 1 Item 2

HF HF 中央 ‘center’ 声音 ‘sound’
HF LF 清明 ‘clear and bright’ 光荣 ‘honor’
HF HR 安稳 ‘stable’ 东海 ‘East Sea’
HF LR 经理 ‘manager’ 修养 ‘cultivation’
LF HF 平安 ‘safe’ 床单 ‘bedsheet’
LF LF 来源 ‘source’ 田螺 ‘river snail’
LF HR 棉袄 ‘cotton jacket’ 牛肚 ‘tripe’
LF LR 原理 ‘principle’ 朋友 ‘friend’
HR HF 酒杯 ‘wine glass’ 口音 ‘accent’
HR LF 广场 ‘square’ 本能 ‘instinct’
HR HR 水果 ‘fruit’ 躺椅 ‘reclining chair’
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𝜎1 𝜎2 Item 1 Item 2

HR LR 展览 ‘exhibition’ 表演 ‘performance’
LR HF 雨衣 ‘raincoat’ 尾巴 ‘tail’
LR LF 蚂蟥 ‘leech’ 野蛮 ‘barbaric’
LR HR 老板 ‘boss’ 耳朵 ‘ear’
LR LR 玛瑙 ‘agate’ 道理 ‘reason’



APPENDIXB

Stimulus list in Chapter 3

Table B.1: Stimulus list of 2+1 compounds. HF, LF, HR, and LR denote High
Falling, Low Falling, High Rising, and Low Rising tones, respectively.

𝜎1 𝜎2 𝜎3 Item

HF HF HF 收音机 ‘radio’
HF HF LF 天安门 ‘Tiananmen’
HF HF HR 天花板 ‘ceiling’
HF HF LR 花生米 ‘peanut kernels’
HF LF HF 蜗牛霜 ‘snail cream’
HF LF LF 天鹅绒 ‘velvet’
HF LF HR 西洋狗 ‘foreign dog’
HF LF LR 双人舞 ‘duet dance’
HF HR HF 羞耻心 ‘sense of shame’
HF HR LF 跟斗云 ‘somersault cloud’
HF HR HR 车管所 ‘vehicle administration office’
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𝜎1 𝜎2 𝜎3 Item

HF HR LR 标准舞 ‘ballroom dance’
HF LR HF 师范生 ‘normal-school student’
HF LR LF 乌鳢鱼 ‘snakehead fish’
HF LR HR 莴苣笋 ‘lettuce shoots’
HF LR LR 千里马 ‘swift horse’
LF HF HF 台风天 ‘typhoon day’
LF HF LF 鱼肝油 ‘cod liver oil’
LF HF HR 无花果 ‘fig’
LF HF LR 桃花眼 ‘peach-blossom eyes’
LF LF HF 棉毛衫 ‘cotton undershirt’
LF LF LF 调和油 ‘blended cooking oil’
LF LF HR 葡萄酒 ‘grape wine’
LF LF LR 黄梅雨 ‘plum rain’
LF HR HF 童子鸡 ‘young chicken’
LF HR LF 啤酒瓶 ‘beer bottle’
LF HR HR 油纸伞 ‘oil-paper umbrella’
LF HR LR 门诊部 ‘outpatient department’
LF LR HF 人造丝 ‘rayon’
LF LR LF 疗养团 ‘convalescent group’
LF LR HR 营养品 ‘dietary supplements’
LF LR LR 行李站 ‘(left-)luggage office’
HR HF HF 水晶宫 ‘crystal palace’
HR HF LF 火烧云 ‘flaming clouds’
HR HF HR 感光纸 ‘photosensitive paper’
HR HF LR 火车站 ‘train station’
HR LF HF 指南针 ‘compass’
HR LF LF 嘴唇皮 ‘lip skin’
HR LF HR 海南岛 ‘Hainan Island’
HR LF LR 广场舞 ‘square dance’
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𝜎1 𝜎2 𝜎3 Item

HR HR HF 保险箱 ‘safe’
HR HR LF 保险员 ‘insurance agent’
HR HR HR 水果酒 ‘fruit wine’
HR HR LR 起点站 ‘starting station’
HR LR HF 走马灯 ‘revolving lantern’
HR LR LF 指导员 ‘instructor’
HR LR HR 展览馆 ‘exhibition hall’
HR LR LR 管理站 ‘administration station’
LR HF HF 牡丹花 ‘peony’
LR HF LF 雨花台 ‘Yuhuatai’
LR HF HR 美洲虎 ‘jaguar’
LR HF LR 老花眼 ‘presbyopia’
LR LF HF 橡皮筋 ‘rubber band’
LR LF LF 鲤鱼旗 ‘carp banner’
LR LF HR 象棋馆 ‘chess club’
LR LF LR 肚皮眼 ‘navel’
LR HR HF 老虎机 ‘slot machine’
LR HR LF 老虎钳 ‘pliers’
LR HR HR 耳朵孔 ‘earhole’
LR HR LR 耳朵眼 ‘earhole’
LR LR HF 养老金 ‘pension’
LR LR LF 丈母娘 ‘mother-in-law’
LR LR HR 领导者 ‘leader’
LR LR LR 武士道 ‘bushido’
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Table B.2: Stimulus list of 1+2 compounds. HF, LF, HR, and LR denote High
Falling, Low Falling, High Rising, and Low Rising tones, respectively.

𝜎1 𝜎2 𝜎3 Item

HF HF HF 新飞机 ‘new airplane’
HF HF LF 灰姑娘 ‘Cinderella’
HF HF HR 灰松鼠 ‘gray squirrel’
HF HF LR 亲兄弟 ‘biological brothers’
HF LF HF 新农村 ‘new countryside’
HF LF LF 花门帘 ‘floral door curtain’
HF LF HR 青苹果 ‘green apple’
HF LF LR 鲜牛奶 ‘fresh milk’
HF HR HF 新火车 ‘new train’
HF HR LF 新广场 ‘new square’
HF HR HR 新产品 ‘new product’
HF HR LR 金拐杖 ‘gold cane’
HF LR HF 金项圈 ‘gold necklace’
HF LR LF 新礼堂 ‘new auditorium’
HF LR HR 新市长 ‘new mayor’
HF LR LR 亲父母 ‘biological parents’
LF HF HF 霉千张 ‘fermented tofu sheets’
LF HF LF 红蜻蜓 ‘red dragonfly’
LF HF HR 甜糕点 ‘sweet pastry’
LF HF LR 男经理 ‘male manager’
LF LF HF 男明星 ‘male celebrity’
LF LF LF 圆池塘 ‘round pond’
LF LF HR 红苹果 ‘red apple’
LF LF LR 男朋友 ‘boyfriend’
LF HR HF 蓝水晶 ‘blue crystal’
LF HR LF 蓝水壶 ‘blue kettle’
LF HR HR 男厂长 ‘male factory director’
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𝜎1 𝜎2 𝜎3 Item

LF HR LR 长拐杖 ‘long cane’
LF LR HF 红眼睛 ‘red eyes’
LF LR LF 圆肚皮 ‘round belly’
LF LR HR 男老板 ‘male boss’
LF LR LR 红玛瑙 ‘red agate’
HR HF HF 党中央 ‘Party central committee’
HR HF LF 手风琴 ‘accordion’
HR HF HR 小松鼠 ‘little squirrel’
HR HF LR 总经理 ‘general manager’
HR LF HF 小男生 ‘little boy’
HR LF LF 紫葡萄 ‘purple grapes’
HR LF HR 紫棉袄 ‘purple cotton jacket’
HR LF LR 小朋友 ‘little child’
HR HR HF 紫水晶 ‘purple crystal’
HR HR LF 小厂房 ‘small factory building’
HR HR HR 好手表 ‘good watch’
HR HR LR 好水稻 ‘good rice crop’
HR LR HF 肿眼泡 ‘puffy eyelids’
HR LR LF 小老头 ‘little old man’
HR LR HR 假户口 ‘fake household registration’
HR LR LR 假道士 ‘fake Taoist priest’
LR HF HF 老医生 ‘old doctor’
LR HF LF 老山羊 ‘old goat’
LR HF HR 老科长 ‘senior section chief’
LR HF LR 懒经理 ‘lazy manager’
LR LF HF 女明星 ‘female celebrity’
LR LF LF 老狐狸 ‘old fox’
LR LF HR 女团长 ‘female troupe leader’
LR LF LR 老朋友 ‘old friend’
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𝜎1 𝜎2 𝜎3 Item

LR HR HF 软饼干 ‘soft biscuit’
LR HR LF 老党员 ‘senior Party member’
LR HR HR 女厂长 ‘female factory director’
LR HR LR 母海马 ‘female seahorse’
LR LR HF 下眼泡 ‘lower eyelid’
LR LR LF 老丈人 ‘father-in-law’
LR LR HR 母老虎 ‘tigress’
LR LR LR 女导演 ‘female director’



APPENDIXC

Statistical results of the GAMM analyses in Chapter 3

This appendix contains the full tables with statistical results of the GAMManal-
yses reported in Chapter 3. Tables C.1 and C.2 show the statistical results of the
analyses examining 𝜎1 register and contour on the f0 trajectories of trisyllabic
compounds, corresponding to Table 3.2 in Chapter 3. Tables C.3 and C.4 show
the results of the analyses examining the effects of 𝜎2 register and contour, cor-
responding to Table 3.3 in Chapter 3. Tables C.5 and C.6 show the results of
the analyses examining the effects of 𝜎3 register and contour, corresponding
to Table 3.4 in Chapter 3.



144 Phantom stress in tone sandhi

Table C.1: Smooth terms modelling the difference between trisyllabic com-
pounds starting with High and Low register tones on 𝜎1.

𝜎1.𝜎2.𝜎3 𝜎1 Register edf Ref.df F value p value

F.HF.HF H – L 3.902 4.798 39.973 < 0.001 ***
F.HR.HF H – L 3.841 5.007 18.994 < 0.001 ***
F.LF.HF H – L 4.551 5.864 18.518 < 0.001 ***
F.LR.HF H – L 1.213 1.400 23.017 < 0.001 ***
F.HF.HR H – L 3.053 3.996 19.913 < 0.001 ***
F.HR.HR H – L 3.035 3.981 51.910 < 0.001 ***
F.LF.HR H – L 5.993 7.377 9.324 < 0.001 ***
F.LR.HR H – L 6.536 7.851 10.433 < 0.001 ***
F.HF.LF H – L 6.990 8.340 21.604 < 0.001 ***
F.HR.LF H – L 6.150 7.497 16.610 < 0.001 ***
F.LF.LF H – L 8.209 9.344 16.405 < 0.001 ***
F.LR.LF H – L 2.825 3.702 30.259 < 0.001 ***
F.HF.LR H – L 2.641 3.448 23.862 < 0.001 ***
F.HR.LR H – L 3.825 4.969 23.789 < 0.001 ***
F.LF.LR H – L 2.269 2.957 25.883 < 0.001 ***
F.LR.LR H – L 5.943 7.326 25.745 < 0.001 ***
R.HF.HF H – L 5.209 6.462 26.713 < 0.001 ***
R.HR.HF H – L 8.858 9.633 25.260 < 0.001 ***
R.LF.HF H – L 7.600 8.920 42.833 < 0.001 ***
R.LR.HF H – L 8.230 9.266 88.011 < 0.001 ***
R.HF.HR H – L 6.870 8.012 15.567 < 0.001 ***
R.HR.HR H – L 5.007 6.386 23.966 < 0.001 ***
R.LF.HR H – L 6.985 8.299 22.268 < 0.001 ***
R.LR.HR H – L 8.084 9.138 19.365 < 0.001 ***
R.HF.LF H – L 5.683 6.932 43.293 < 0.001 ***
R.HR.LF H – L 4.352 5.572 26.053 < 0.001 ***
R.LF.LF H – L 5.689 7.037 19.707 < 0.001 ***
R.LR.LF H – L 6.890 8.187 23.380 < 0.001 ***
R.HF.LR H – L 5.513 6.797 22.115 < 0.001 ***
R.HR.LR H – L 5.804 7.218 20.725 < 0.001 ***
R.LF.LR H – L 5.613 6.958 13.140 < 0.001 ***
R.LR.LR H – L 4.326 5.537 25.884 < 0.001 ***
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Table C.2: Smooth terms modelling the difference between trisyllabic com-
pounds starting with Falling and Rising tones on 𝜎1.

𝜎1.𝜎2.𝜎3 𝜎1 Contour edf Ref.df F value p value

H.HF.HF F – R 8.959 9.766 14.120 < 0.001 ***
H.HR.HF F – R 7.943 8.729 13.555 < 0.001 ***
H.LF.HF F – R 8.599 8.932 27.141 < 0.001 ***
H.LR.HF F – R 9.479 9.866 19.297 < 0.001 ***
H.HF.HR F – R 9.268 9.824 13.927 < 0.001 ***
H.HR.HR F – R 9.382 9.873 12.922 < 0.001 ***
H.LF.HR F – R 8.217 8.804 13.204 < 0.001 ***
H.LR.HR F – R 9.640 9.942 22.257 < 0.001 ***
H.HF.LF F – R 9.011 9.728 13.533 < 0.001 ***
H.HR.LF F – R 7.759 8.621 12.328 < 0.001 ***
H.LF.LF F – R 9.243 9.819 12.777 < 0.001 ***
H.LR.LF F – R 8.027 9.138 5.689 < 0.001 ***
H.HF.LR F – R 8.618 9.588 9.404 < 0.001 ***
H.HR.LR F – R 7.610 8.516 10.478 < 0.001 ***
H.LF.LR F – R 7.818 8.709 16.937 < 0.001 ***
H.LR.LR F – R 7.976 8.756 16.242 < 0.001 ***
L.HF.HF F – R 7.893 8.661 13.113 < 0.001 ***
L.HR.HF F – R 8.361 8.839 19.523 < 0.001 ***
L.LF.HF F – R 8.447 8.870 26.777 < 0.001 ***
L.LR.HF F – R 9.557 9.901 26.823 < 0.001 ***
L.HF.HR F – R 7.939 8.711 13.262 < 0.001 ***
L.HR.HR F – R 9.298 9.849 20.403 < 0.001 ***
L.LF.HR F – R 8.445 8.889 28.032 < 0.001 ***
L.LR.HR F – R 8.470 8.879 25.889 < 0.001 ***
L.HF.LF F – R 8.957 9.685 13.267 < 0.001 ***
L.HR.LF F – R 7.590 8.496 8.736 < 0.001 ***
L.LF.LF F – R 9.442 9.867 34.284 < 0.001 ***
L.LR.LF F – R 9.386 9.850 17.211 < 0.001 ***
L.HF.LR F – R 8.896 9.671 15.197 < 0.001 ***
L.HR.LR F – R 8.210 8.796 18.035 < 0.001 ***
L.LF.LR F – R 7.592 8.515 10.173 < 0.001 ***
L.LR.LR F – R 8.888 9.632 15.265 < 0.001 ***
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Table C.3: Smooth terms modelling the difference between trisyllabic com-
pounds with High and Low register tones on 𝜎2.

𝜎1.𝜎2.𝜎3 𝜎2 Register edf Ref.df F value p value

HF.F.HF H – L 7.628 8.924 8.283 < 0.001 ***
HR.F.HF H – L 2.825 3.342 1.425 0.2289
LF.F.HF H – L 7.659 8.608 6.836 < 0.001 ***
LR.F.HF H – L 2.001 2.002 1.720 0.1792
HF.F.HR H – L 5.112 6.330 1.817 0.1059
HR.F.HR H – L 1.334 1.606 1.051 0.4812
LF.F.HR H – L 6.174 7.542 4.235 < 0.001 ***
LR.F.HR H – L 7.802 8.623 4.494 < 0.001 ***
HF.F.LF H – L 7.888 9.115 21.783 < 0.001 ***
HR.F.LF H – L 7.396 8.632 10.441 < 0.001 ***
LF.F.LF H – L 6.862 8.093 6.322 < 0.001 ***
LR.F.LF H – L 8.495 9.430 5.338 < 0.001 ***
HF.F.LR H – L 2.002 2.004 1.045 0.3518
HR.F.LR H – L 6.618 7.997 24.066 < 0.001 ***
LF.F.LR H – L 5.594 6.862 3.409 0.0016 **
LR.F.LR H – L 6.216 7.474 4.363 < 0.001 ***
HF.R.HF H – L 7.126 8.296 4.508 < 0.001 ***
HR.R.HF H – L 8.178 8.752 6.554 < 0.001 ***
LF.R.HF H – L 7.553 8.551 5.364 < 0.001 ***
LR.R.HF H – L 4.114 5.062 8.346 < 0.001 ***
HF.R.HR H – L 7.112 8.298 2.471 0.0107 *
HR.R.HR H – L 2.026 2.051 9.654 < 0.001 ***
LF.R.HR H – L 7.874 8.702 7.128 < 0.001 ***
LR.R.HR H – L 6.942 8.054 2.122 0.0268 *
HF.R.LF H – L 1.002 1.004 2.158 0.1382
HR.R.LF H – L 4.189 5.142 2.449 0.0280 *
LF.R.LF H – L 7.291 8.386 4.430 < 0.001 ***
LR.R.LF H – L 1.501 1.874 0.813 0.3960
HF.R.LR H – L 6.489 7.756 2.127 0.0344 *
HR.R.LR H – L 3.430 4.469 4.828 < 0.001 ***
LF.R.LR H – L 6.280 7.623 2.675 0.0050 **
LR.R.LR H – L 8.016 9.102 15.048 < 0.001 ***
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Table C.4: Smooth terms modelling the difference between trisyllabic com-
pounds with Falling and Rising tones on 𝜎2.

𝜎1.𝜎2.𝜎3 𝜎2 Contour edf Ref.df F value p value

HF.H.HF F – R 3.182 3.874 0.112 0.9810
HR.H.HF F – R 1.496 1.790 1.882 0.1730
LF.H.HF F – R 3.182 3.874 0.698 0.5781
LR.H.HF F – R 0.496 0.790 0.036 0.8669
HF.H.HR F – R 0.001 0.002 36226.207 < 0.001 ***
HR.H.HR F – R 3.229 3.893 0.179 0.9380
LF.H.HR F – R 1.001 1.002 0.139 0.7106
LR.H.HR F – R 3.229 3.893 0.396 0.8130
HF.H.LF F – R 1.323 1.546 0.167 0.8177
HR.H.LF F – R 1.002 1.004 8.871 0.0439 *
LF.H.LF F – R 0.323 0.546 0.081 0.8338
LR.H.LF F – R 0.002 0.004 0.025 0.9916
HF.H.LR F – R 1.220 1.744 0.214 0.7178
HR.H.LR F – R 3.203 3.843 0.767 0.5622
LF.H.LR F – R 2.220 2.744 0.538 0.7141
LR.H.LR F – R 2.203 2.843 0.686 0.5090
HF.L.HF F – R 1.614 1.953 0.318 0.7209
HR.L.HF F – R 2.972 3.420 0.544 0.7297
LF.L.HF F – R 0.614 0.953 0.663 0.4268
LR.L.HF F – R 0.972 1.420 0.703 0.2788
HF.L.HR F – R 3.111 3.812 0.404 0.7822
HR.L.HR F – R 3.154 3.661 0.190 0.8849
LF.L.HR F – R 3.111 3.812 0.205 0.9187
LR.L.HR F – R 1.154 1.661 0.523 0.6169
HF.L.LF F – R 1.003 1.005 1.457 0.1256
HR.L.LF F – R 3.987 4.540 0.118 0.9866
LF.L.LF F – R 0.003 0.005 0.264 0.9701
LR.L.LF F – R 2.987 3.540 0.027 0.9973
HF.L.LR F – R 2.002 2.004 1.336 0.2609
HR.L.LR F – R 2.004 2.007 0.287 0.7500
LF.L.LR F – R 0.002 0.004 6.335 0.8810
LR.L.LR F – R 0.004 0.007 0.222 0.9683
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Table C.5: Smooth terms modelling the difference between trisyllabic com-
pounds with High and Low register tones on 𝜎3.

𝜎1.𝜎2.𝜎3 𝜎3 Register edf Ref.df F value p value

HF.HF.F H – L 2.001 2.002 26.241 < 0.001 ***
HR.HF.F H – L 1.040 1.079 2.589 0.0529
LF.HF.F H – L 2.018 2.035 0.259 0.7683
LR.HF.F H – L 2.001 2.002 2.576 0.0759
HF.HR.F H – L 8.115 9.247 43.686 < 0.001 ***
HR.HR.F H – L 8.441 9.400 17.009 < 0.001 ***
LF.HR.F H – L 3.211 3.880 0.847 0.4933
LR.HR.F H – L 4.380 5.408 2.466 0.0303 *
HF.LF.F H – L 2.001 2.001 0.616 0.5402
HR.LF.F H – L 1.004 1.007 2.904 0.2025
LF.LF.F H – L 7.774 8.658 7.130 < 0.001 ***
LR.LF.F H – L 7.144 8.440 4.663 < 0.001 ***
HF.LR.F H – L 7.125 8.452 4.096 < 0.001 ***
HR.LR.F H – L 7.932 9.073 66.838 < 0.001 ***
LF.LR.F H – L 4.712 5.844 4.416 < 0.001 ***
LR.LR.F H – L 4.855 6.174 2.782 0.0112 *
HF.HF.R H – L 2.001 2.003 1.544 0.2133
HR.HF.R H – L 2.001 2.002 1.286 0.2764
LF.HF.R H – L 1.001 1.002 1.003 0.2047
LR.HF.R H – L 2.486 2.851 0.209 0.8361
HF.HR.R H – L 8.101 9.226 11.475 < 0.001 ***
HR.HR.R H – L 4.632 5.857 2.077 0.0534
LF.HR.R H – L 1.008 1.017 15.594 < 0.001 ***
LR.HR.R H – L 1.006 1.013 4.471 0.0706
HF.LF.R H – L 3.596 4.678 2.722 0.0169 *
HR.LF.R H – L 5.415 6.679 3.270 0.0074 **
LF.LF.R H – L 7.390 8.668 3.294 < 0.001 ***
LR.LF.R H – L 4.052 4.981 1.987 0.0854
HF.LR.R H – L 8.953 9.720 5.554 < 0.001 ***
HR.LR.R H – L 5.050 6.358 1.981 0.0804
LF.LR.R H – L 2.002 2.005 5.295 0.0050 **
LR.LR.R H – L 5.223 6.552 2.051 0.0509
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Table C.6: Smooth terms modelling the difference between trisyllabic com-
pounds with Falling and Rising tones on 𝜎3.

𝜎1.𝜎2.𝜎3 𝜎3 Contour edf Ref.df F value p value

HF.HF.H F – R 2.001 2.003 19.473 < 0.001 ***
HR.HF.H F – R 1.634 1.973 0.002 0.9984
LF.HF.H F – R 0.001 0.003 0.135 0.9845
LR.HF.H F – R 0.634 0.974 0.316 0.5792
HF.HR.H F – R 1.950 2.401 0.420 0.6970
HR.HR.H F – R 0.219 0.387 4.563 0.1840
LF.HR.H F – R 0.950 1.401 0.849 0.4160
LR.HR.H F – R 1.219 1.387 1.127 0.4021
HF.LF.H F – R 1.357 1.596 0.012 0.9768
HR.LF.H F – R 1.426 1.693 0.192 0.7219
LF.LF.H F – R 0.357 0.596 0.097 0.8098
LR.LF.H F – R 0.426 0.693 0.242 0.6823
HF.LR.H F – R 0.643 0.993 0.138 0.7116
HR.LR.H F – R 2.272 2.811 0.233 0.8654
LF.LR.H F – R 1.643 1.993 0.200 0.8120
LR.LR.H F – R 1.272 1.811 0.762 0.3797
HF.HF.L F – R 1.001 1.001 0.078 0.6421
HR.HF.L F – R 1.001 1.002 6.094 0.0557
LF.HF.L F – R 0.001 0.001 0.154 0.9891
LR.HF.L F – R 0.001 0.002 0.013 0.9962
HF.HR.L F – R 2.923 3.575 0.086 0.9595
HR.HR.L F – R 2.976 3.620 1.198 0.4935
LF.HR.L F – R 1.923 2.575 0.149 0.9200
LR.HR.L F – R 1.976 2.620 0.405 0.5897
HF.LF.L F – R 1.001 1.003 1.875 0.1448
HR.LF.L F – R 1.447 1.719 0.301 0.7633
LF.LF.L F – R 0.001 0.003 0.044 0.9911
LR.LF.L F – R 0.447 0.719 0.328 0.6275
HF.LR.L F – R 2.015 2.481 0.019 0.9959
HR.LR.L F – R 2.987 3.652 0.324 0.8776
LF.LR.L F – R 1.015 1.481 0.143 0.8617
LR.LR.L F – R 1.987 2.652 0.380 0.7179





APPENDIXD

Pilot study on quadri-syllabic compounds

This appendix presents the methods and preliminary results of a pilot study
reported in Chapter 3. The pilot study aims to examine whether the sandhi con-
tours of trisyllabic compounds can be similarly observed in longer sequences,
specifically quadri-syllabic compounds.

D.1 Participants

10 native speakers of ShaoxingWuwho participated in the experiment of Chap-
ter 3 also participated in this pilot study.

D.2 Stimuli

A list of quadrisyllabic compounds with 2+2 structure (e.g., [[iN őy] [l6 s1]],
‘English teacher’) was constructed as the stimuli. Although 2+2 compounds
might be realized in two disyllabic sandhi domains, where we cannot observe
the intended quadrisyllabic sandhi patterns, previous studies suggest that
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quadrisyllabic transliterated words or nonce words with no internal structure
can be broken into two disyllabic sandhi domains as well (e.g., Y. Chen, 2008).
The advantage of using 2+2 compounds is that they are more frequently used
in daily life than transliterated words, and more natural to produce than nonce
words.

To examine whether we can observe similar tonal melodies determined by
the initial tone as in trisyllabic compounds, we varied the underlying tones of
𝜎1: for registers, both High and Low register tones were included; for contours,
both Rising and Falling tones were included. Considering that the register of
non-initial syllables can have subtle effects on the tonal realizations, we con-
trolled the register of 𝜎2 and 𝜎3 as well, with both High and Low register tones
included. Although non-initial contours seem to be neutralized in trisyllables,
to confirm the findings in quadrisyllables, we still controlled for the underlying
contours of 𝜎2 as Rising or Falling. As a result, the stimuli list consisted of 32
items (2 𝜎1 tonal registers × 2 𝜎1 tonal contours × 2 𝜎2 tonal registers × 2 𝜎2
tonal contours × 2 𝜎3 tonal registers).

D.3 Procedure

The procedure was the same as the experiment of Chapter 3. In total, 320 tokens
were collected (32 items × 10 speakers).

D.4 Data preparation and analysis

The sound files were listened to by a native speaker of Shaoxing Wu. 52 to-
kens were excluded due to disfluency or mistakes in production, resulting in
268 valid tokens. In addition, 61 tokens were clearly realized in two disyllabic
sandhi domains rather than one, which is beyond the scope of this pilot study
and excluded as well. In total, 207 tokens (77.2% of the valid tokens) were
included for further analysis. They were manually segmented using Praat. f0
values in Hz were extracted by taking ten equidistant points in the rime of each
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syllable and normalized to within-speaker z-scores. Considering the limited
number of tokens, we did not run statistical analysis but visualized the f0 con-
tours.

D.5 Preliminary results

F0 trajectories of quadrisyllabic compounds starting with HF, LF, HR, and LR
tones were plotted in Figure D.1. Line colors indicate the tonal category of 𝜎2,
and line types indicate the tonal register of 𝜎3.
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Figure D.1: f0 trajectories of quadrisyllabic compounds undergoing the general
pattern in Shaoxing Wu.

Similar to trisyllabic compounds, the underlying contour and register of 𝜎1
conditions the quadri-syllabic sandhi patterns (see more discussion in Section
3.4).

The underlying registers of non-initial syllables also condition the tonal
realizations. For example, in quadri-syllables with underlying High register
tones on 𝜎2 (light-colored lines), the f0 of 𝜎2 starts higher than those with
underlying Low register tones on 𝜎2 (dark-colored lines). Similar to trisyllabic
compounds, register-induced variations are more discernible on 𝜎2, especially
when preceded by low tones.
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The underlying contours of non-initial syllables (i.e., 𝜎2 in the current
dataset) seem to be neutralized without conditioning sandhi patterns: quadri-
syllables with underlying Falling (blue lines) and Rising (green lines) contours
on 𝜎2 have similar f0 trajectories. This echoes the findings in trisyllabic com-
pounds where non-initial contours do not condition sandhi contours.



APPENDIXE

Stimulus list in Chapter 4

Table E.1: Stimulus list of disyllabic verb-object (VO) structures. HF, LF, HR,
LR, HL, LL, HC and LC denote High Falling, Low Falling, High Rising, Low
Rising, High Level, Low level, High Checked, Low checked tones, respec-
tively.

𝜎1 𝜎2 Item 1 Item 2

HF HF 浇花 ‘to water flowers’ 开车 ‘to drive a car’
HF LF 低头 ‘to lower one’s head’ 关门 ‘to close the door’
HF HR 浇水 ‘to water (plants)’ 招手 ‘to wave one’s hand’
HF LR 收网 ‘to haul in a net’ 揩脸 ‘to wipe one’s face’
HF HL 开店 ‘to open a shop’ 烧菜 ‘to cook dishes’
HF LL 开会 ‘to have a meeting’ 烧饭 ‘to cook rice’
HF HC 烧粥 ‘to cook porridge’ 揩脚 ‘to wipe one’s foot’
HF LC 煎药 ‘to brew medicine’ 消毒 ‘to disinfect’
LF HF 磨刀 ‘to sharpen a knife’ 爬山 ‘to climb a mountain’
LF LF 抬头 ‘to raise one’s head’ 弹琴 ‘to play the zither’
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𝜎1 𝜎2 Item 1 Item 2

LF HR 防火 ‘to prevent fires’ 尝酒 ‘to taste wine’
LF LR 骑马 ‘to ride a horse’ 淘米 ‘to rinse rice’
LF HL 查账 ‘to audit accounts’ 裁布 ‘to cut cloth’
LF LL 流汗 ‘to sweat’ 寻路 ‘to find the way’
LF HC 流血 ‘to bleed’ 留客 ‘to keep a guest’
LF LC 骑鹿 ‘to ride a deer’ 搽药 ‘to apply medicine’
HR HF 纺纱 ‘to spin yarn’ 等车 ‘to wait for a car’
HR LF 锁门 ‘to lock the door’ 等人 ‘to wait for someone’
HR HR 煮酒 ‘to warm wine’ 举手 ‘to raise one’s hand’
HR LR 补网 ‘to mend a net’ 煮奶 ‘to boil milk’
HR HL 写信 ‘to write a letter’ 讲课 ‘to give a lecture’
HR LL 煮饭 ‘to cook rice’ 写字 ‘to write characters’
HR HC 煮粥 ‘to cook porridge’ 抖脚 ‘to shake one’s foot’
HR LC 炒肉 ‘to stir-fry meat’ 煮药 ‘to boil medicine’
LR HF 养鸡 ‘to raise chickens’ 买书 ‘to buy books’
LR LF 养牛 ‘to raise cattle’ 咬人 ‘to bite people’
LR HR 养狗 ‘to raise dogs’ 买酒 ‘to buy wine’
LR LR 买米 ‘to buy rice’ 养马 ‘to raise horses’
LR HL 买菜 ‘to buy vegetables’ 买布 ‘to buy cloth’
LR LL 养病 ‘to recuperate’ 买画 ‘to buy paintings’
LR HC 养鸭 ‘to raise ducks’ 买粥 ‘to buy porridge’
LR LC 买肉 ‘to buy meat’ 买玉 ‘to buy jade’

Table E.2: Stimulus list of disyllabic subject-predicate (SP) structures. HF, LF,
HR, LR, HL, LL, HC and LC denote High Falling, Low Falling, High Ris-
ing, Low Rising, High Level, Low level, High Checked, Low checked tones,
respectively.

𝜎1 𝜎2 Item 1 Item 2

HF HF 山高 ‘mountain (is) high’ 汤鲜 ‘soup (is) fresh’
HF LF 天晴 ‘sky (is) clear’ 瓜甜 ‘melon (is) sweet’
HF HR 车稳 ‘car (is) steady’ 风小 ‘wind (is) light’
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𝜎1 𝜎2 Item 1 Item 2

HF LR 天冷 ‘weather (is) cold’ 天暖 ‘weather (is) warm’
HF HL 瓜脆 ‘melon (is) crisp’ 车破 ‘car (is) broken’
HF LL 风大 ‘wind (is) strong’ 车慢 ‘car (is) slow’
HF HC 天黑 ‘sky (is) dark’ 车黑 ‘car (is) black’
HF LC 书薄 ‘book (is) thin’ 瓜熟 ‘melon (is) ripe’
LF HF 楼高 ‘building (is) tall’ 人多 ‘(there are) many people’
LF LF 头圆 ‘head (is) round’ 牙黄 ‘teeth (are) yellow’
LF HR 人矮 ‘person (is) short’ 鞋小 ‘shoes (are) small’
LF LR 茶冷 ‘tea (is) cold’ 人懒 ‘person (is) lazy’
LF HL 人胖 ‘person (is) fat’ 皮脆 ‘skin (is) crisp’
LF LL 楼旧 ‘building (is) old’ 船慢 ‘boat (is) slow’
LF HC 柴湿 ‘firewood (is) wet’ 牙缺 ‘tooth (is) chipped’
LF LC 皮薄 ‘skin (is) thin’ 牙白 ‘teeth (are) white’
HR HF 水清 ‘water (is) clear’ 手酸 ‘hand (is) sore’
HR LF 手麻 ‘hand (is) numb’ 酒浓 ‘wine (is) strong’
HR HR 手巧 ‘hand (is) skillful’ 碗小 ‘bowl (is) small’
HR LR 水冷 ‘water (is) cold’ 手冷 ‘hand (is) cold’
HR HL 手痛 ‘hand hurts’ 伞破 ‘umbrella (is) broken’
HR LL 火旺 ‘fire (is) strong’ 手慢 ‘hand (is) slow’
HR HC 纸湿 ‘paper (is) wet’ 水急 ‘the current (is) swift’
HR LC 手滑 ‘hand (is) slippery’ 纸薄 ‘paper (is) thin’
LR HF 脸宽 ‘face (is) wide’ 礼多 ‘gifts (are) abundant’
LR LF 脸圆 ‘face (is) round’ 藕甜 ‘lotus root (is) sweet’
LR HR 雨小 ‘rain (is) light’ 脸短 ‘face (is) short’
LR LR 脸痒 ‘face (is) itchy’ 马懒 ‘horse (is) lazy’
LR HL 马瘦 ‘horse (is) thin’ 网破 ‘net (is) broken’
LR LL 脸大 ‘face (is) big’ 雨大 ‘rain (is) heavy’
LR HC 眼瞎 ‘eye (is) blind’ 雨急 ‘rain (is) fierce’
LR LC 脸白 ‘face (is) pale’ 米熟 ‘rice (is) cooked’
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Table E.3: Stimulus list of quadri-syllabic VO structures. HF, LF, HR and LR
denote High Falling, Low Falling, High Rising and Low Rising tones, respec-
tively.

𝜎1 𝜎2 𝜎3 Item

HF HF HR 参观小区 ‘to visit a residential community’
HF HF LR 参加舞会 ‘to attend a dance party’
HF LF HR 安排酒店 ‘to arrange a hotel’
HF LF LR 支持领导 ‘to support the leader’
HF HR HR 分享饼干 ‘to share cookies’
HF HR LR 邀请女生 ‘to invite a girl’
HF LR HR 清理广场 ‘to clean the square’
HF LR LR 招待老板 ‘to host the boss’
LF HF HR 提高水平 ‘to enhance the level’
LF HF LR 离开座位 ‘to leave the seat’
LF LF HR 怀疑总统 ‘to suspect the president’
LF LF LR 同情老板 ‘to sympathize with the boss’
LF HR HR 提醒保姆 ‘to remind the nanny’
LF HR LR 调整演员 ‘to adjust the cast’
LF LR HR 传染小人 ‘to infect a child’
LF LR LR 培养后代 ‘to raise the next generation’
HR HF HR 指挥表演 ‘to conduct a performance’
HR HF LR 改编舞蹈 ‘to adapt a dance’
HR LF HR 保留指纹 ‘to preserve fingerprints’
HR LF LR 检查卫生 ‘to inspect hygiene’
HR HR HR 影响口碑 ‘to influence reputation’
HR HR LR 采访领导 ‘to interview the leader’
HR LR HR 整理口袋 ‘to tidy a pocket’
HR LR LR 表演舞蹈 ‘to perform a dance’
LR HF HR 理清感情 ‘to sort out feelings’
LR HF LR 伪装老人 ‘to disguise as an old person’
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𝜎1 𝜎2 𝜎3 Item

LR LF HR 尾随小偷 ‘to follow a thief’
LR LF LR 远离社会 ‘to withdraw from society’
LR HR HR 了解品牌 ‘to learn about a brand’
LR HR LR 理解动机 ‘to understand motives’
LR LR HR 领养小人 ‘to adopt a child’
LR LR LR 领养女生 ‘to adopt a girl’

Table E.4: Stimulus list of quadri-syllabic SP structures. HF, LF, HR and LR
denote High Falling, Low Falling, High Rising and Low Rising tones, respec-
tively.

𝜎1 𝜎2 𝜎3 Item

HF HF HR 声音响亮 ‘sound (is) loud’
HF HF LR 医生伟大 ‘doctor (is) great’
HF LF HR 高楼整齐 ‘tall buildings (are) neat’
HF LF LR 蜻蜓有趣 ‘dragonfly (is) interesting’
HF HR HR 松鼠可爱 ‘squirrel (is) cute’
HF HR LR 科长懒惰 ‘section chief (is) lazy’
HF LR HR 兄弟爽快 ‘brother (is) straightforward’
HF LR LR 经理懒惰 ‘manager (is) lazy’
HF HL HR 功课简单 ‘homework (is) easy’
HF HL LR 钞票重要 ‘money (is) important’
HF LL HR 毡帽考究 ‘felt hat (is) elegant’
HF LL LR 希望渺茫 ‘hope (is) slim’
LF HF HR 房间整齐 ‘room (is) neat’
LF HF LR 来宾重要 ‘guest (is) important’
LF LF HR 蚊虫讨厌 ‘mosquitoes (are) annoying’
LF LF LR 平台重要 ‘platform (is) important’
LF HR HR 牙齿整齐 ‘teeth (are) neat’
LF HR LR 兰亭冷清 ‘Lanting (is) quiet’
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𝜎1 𝜎2 𝜎3 Item

LF LR HR 原理简单 ‘principle (is) simple’
LF LR LR 朋友重要 ‘friend (is) important’
LF HL HR 脾气爽快 ‘temper (is) straightforward’
LF HL LR 群众勇敢 ‘the people (are) brave’
LF LL HR 条件普通 ‘conditions (are) ordinary’
LF LL LR 强盗野蛮 ‘robber (is) barbaric’
HR HF HR 点心小巧 ‘snacks (are) delicate’
HR HF LR 隐私重要 ‘privacy (is) important’
HR LF HR 水平普通 ‘level (is) ordinary’
HR LF LR 沈园冷清 ‘Shen’s Garden (is) quiet’
HR HR HR 产品考究 ‘product (is) refined’
HR HR LR 保险重要 ‘insurance (is) important’
HR LR HR 展览火爆 ‘exhibition (is) popular’
HR LR LR 水稻重要 ‘rice (is) important’
HR HL HR 广告简单 ‘advertisement (is) simple’
HR HL LR 广告有趣 ‘advertisement (is) interesting’
HR LL HR 草帽考究 ‘straw hat (is) well-crafted’
HR LL LR 表现领先 ‘performance (is) leading’
LR HF HR 项圈考究 ‘collar (is) elegant’
LR HF LR 雨衣有趣 ‘raincoat (is) interesting’
LR LF HR 市场稳定 ‘market (is) stable’
LR LF LR 礼堂冷清 ‘auditorium (is) quiet’
LR HR HR 老板小气 ‘boss (is) stingy’
LR HR LR 户口重要 ‘household registration (is) important’
LR LR HR 道理简单 ‘principle (is) simple’
LR LR LR 领导满意 ‘leader (is) satisfied’
LR HL HR 纽扣小巧 ‘button (is) delicate’
LR HL LR 武器重要 ‘weapon (is) important’
LR LL HR 社会稳定 ‘society (is) stable’
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𝜎1 𝜎2 𝜎3 Item

LR LL LR 项链老气 ‘necklace (is) old-fashioned’





English Summary

In Sinitic varieties, stress has been widely considered to condition tonal behav-
iors. Yet, two problems associated with stress-based accounts of tonal behav-
iors warrant further consideration and motivate this dissertation. First, existing
research is typologically limited, focusing mainly on varieties with typical left-
or right-dominant sandhi patterns. Second, there is a persistent lack of indepen-
dent evidence for identifying stress in these varieties. Against this background,
this dissertation investigates the potential interaction between tone sandhi and
stress in ShaoxingWu Chinese, a NorthernWu exhibiting complex tone sandhi
patterns. Through a series of controlled acoustic experiments across disyllabic
words, trisyllabic compounds, and phrasal structures of varying lengths, this
dissertation evaluates whether stress can consistently account for tonal real-
izations across different domains in Shaoxing Wu, which might serve as inde-
pendent evidence for stress beyond tonal realizations. In doing so, we aim to
achieve a better understanding of tone-stress interaction in Sinitic varieties, as
well as the mechanisms underlying complex tone sandhi patterns.

Chapter 1 situates the dissertation within the broader literature on tone-
stress interaction in Sinitic varieties, introduces Shaoxing Wu Chinese as the
empirical base, and lays out the key research questions. It also provides an
overview of the dissertation’s structure.

Chapter 2 investigates disyllabic tone sandhi at the word level in Shaoxing
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Wu and its potential interaction with stress. The results confirm that both left-
and right-dominant sandhi patterns coexist within disyllabic words of Shaox-
ing Wu: words starting with Rising tones exhibit left-dominant patterns, with
the final syllable neutralized; words starting with Falling tones display right-
dominant features, with the final syllable potentially preserving its underlying
contour. Despite the distinction in sandhi dominance patterns, no direct du-
rational evidence supports a stress-based account: the final syllable was con-
sistently longer than the initial one, regardless of sandhi dominance pattern.
These findings establish a solid empirical foundation for the subsequent chap-
ters while questioning the adequacy of stress-based accounts.

Chapter 3 extends the investigation to trisyllabic compounds, examining
whether stress can systematically condition tonal realization and sandhi domain
formation across disyllabic words and trisyllabic compounds, even in the ab-
sence of overt acoustic correlates. The results show that all 2+1 and the vast
majority of 1+2 compounds form one single sandhi domain, with tonal contours
primarily conditioned by the initial syllable alone, which is incompatible with
stress-based predictions. This demonstrates that stress is not as effective in ex-
plaining complex tone sandhi patterns as it is for typical left- or right-dominant
patterns. Comparing tone sandhi patterns across sequences of different lengths,
we further propose that sandhi contours in Shaoxing Wu Chinese might extend
from a substituted initial tone, with the substitution occasionally conditioned
by the historical category of non-initial tone(s).

Chapter 4 examines the reported distinction between verb-object (VO) and
subject-predicate (SP) structures in Shaoxing Wu. While differences in tonal
realizations between phrases and words/compounds have often been cited as
supporting evidence for tone-stress interaction, the VO-SP distinction is not
predicted by stress-based accounts and is rarely documented in other dialects.
Controlled experiments show that disyllabic VO and SP structures display dif-
ferent patterns of tonal contour neutralization in their initial syllables, again
contrary to predictions made by stress-based accounts. Furthermore, the dis-
tinction disappears in quadrisyllabic cases, suggesting an interaction between
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syntactic structure and constituent size that stress cannot adequately capture.
Instead, this might reflect boundary effects of different prosodic constituents,
whose formation is conditioned by both syntax-prosody correspondence and
size constraints.

Chapter 5 summarizes the main findings of this dissertation, discusses
their theoretical implications, and outlines directions for future research.

Taken together, this dissertation demonstrates that stress-based accounts,
while influential, do not generalize well to dialects with complex sandhi pat-
terns. In ShaoxingWuChinese, we observed no independent acoustic correlates
of stress beyond tonal patterns themselves, and stress fails to provide a coher-
ent account of tonal realizations across different domains. These findings call
for a more empirically grounded approach to tone-stress interaction in Sinitic
varieties and highlight the importance of investigating complex sandhi patterns.
Moreover, the tone sandhi patterns in Shaoxing Wu Chinese reveal more gen-
eral tendencies across Northern Wu, and offer new empirical evidence on how
morphosyntactic structure and constituent size interact in prosodic constituent
formation.





Nederlandse Samenvatting

In Sinitische taalvariëteiten wordt klemtoon vaak gezien als een bepalende fac-
tor voor tonale verschijnselen. Twee problemen gerelateerd aan dergelijke op
klemtoon gebaseerde benaderingen van tonale verschijnselen verdienen echter
nadere aandacht en vormen de aanleiding voor deze dissertatie. Ten eerste is
het bestaande onderzoek typologisch beperkt, gezien het zich hoofdzakelijk
richt op variëteiten met prototypische links- of rechtsdominante sandhipatro-
nen. Ten tweede is er een hardnekkig gebrek aan onafhankelijk bewijs voor
de identificatie van klemtoon in deze variëteiten. Tegen deze achtergrond on-
derzoekt deze dissertatie de potentiële interactie tussen toon-sandhi en klem-
toon in het Shaoxing Wu-Chinees, een Noordelijke Wu-variëteit die complexe
toon-sandhipatronen kent. Aan de hand van een reeks gecontroleerde akoestis-
che experimenten met disyllabische woorden, trisyllabische samenstellingen
en fraseconstructies van wisselende lengte evalueert deze dissertatie in hoev-
erre toonrealisaties binnen verschillende domeinen in het Shaoxing Wu op een
consistente manier verklaard kunnen worden door klemtoon. Dit kan tevens
dienen als onafhankelijk bewijs voor het bestaan van klemtoon buiten tonale
realisaties om. Zodoende beoogt deze dissertatie bij te dragen aan een beter be-
grip van toon-klemtooninteractie in Sinitische taalvariëteiten, evenals van de
mechanismen die ten grondslag liggen aan complexe toon-sandhipatronen.

Hoofdstuk 1 positioneert de dissertatie in de bredere literatuur over toon-
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klemtooninteractie in Sinitische taalvariëteiten, introduceert het Shaoxing
Wu-Chinees als empirische onderzoeksbasis, en formuleert de centrale onder-
zoeksvragen. Verder biedt het een overzicht van de structuur van de dissertatie.

Hoofdstuk 2 onderzoekt disyllabische toon-sandhi op het woordniveau
in Shaoxing Wu en de potentiële interactie daarvan met klemtoon. De resul-
taten bevestigen dat zowel links- als rechtsdominante sandhipatronen naast
elkaar bestaan in disyllabische woorden in Shaoxing Wu: woorden die begin-
nen met Stijgende tonen vertonen links-dominante patronen met neutralisatie
van de finale lettergreep; woorden die beginnen met Dalende tonen vertonen
daarentegen rechtsdominante kenmerken, waarbij de finale lettergreep de
onderliggende contour mogelijk behoudt. Ondanks het onderscheid in sandhi-
dominantiepatronen is er geen direct durationeel bewijs gevonden die een
analyse gebaseerd op klemtoon ondersteunt: de finale lettergreep was con-
sistent langer in duur dan de initiële, ongeacht het sandhi-dominantiepatroon.
Deze bevindingen bieden een stevige empirische basis voor de volgende hoofd-
stukken en bevragen tegelijkertijd de toereikendheid van analyses op basis van
klemtoon.

Hoofdstuk 3 breidt het onderzoek uit naar trisyllabische samenstellin-
gen en onderzoekt of klemtoon de toonrealisatie en de formatie van het
sandhidomein over disyllabische woorden en trisyllabische samenstellingen
systematisch kan beïnvloeden, ook in afwezigheid van duidelijke akoestis-
che correlaten. De resultaten laten zien dat alle 2+1-samenstellingen en de
meerderheid van 1+2-samenstellingen één enkel sandhidomein vormen met
tooncontouren die hoofdzakelijk bepaald worden door alleen de initiële let-
tergreep, wat niet verenigbaar is met voorspellingen op basis van klemtoon.
Dit laat zien dat klemtoon niet even effectief is in het verklaren van complexe
toon-sandhipatronen als bij prototypische links- of rechtsdominante toon-
sandhipatronen. Op basis van een vergelijking van toon-sandhipatronen in se-
quenties van verschillende lengte stellen we verder voor dat sandhicontouren
in het Shaoxing Wu-Chinees mogelijk voortkomen uit een gesubstitueerde
initiële toon, waarbij deze substitutie in sommige gevallen bepaald wordt door
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de historische categorie van de niet-initiële toon of tonen.
Hoofdstuk 4 onderzoekt het in de literatuur beschreven onderscheid tussen

werkwoord-objectstructuren (verb-object, VO) en onderwerp-predicaatstructuren
(subject-predicate, SP) in het Shaoxing Wu. Hoewel toonrealisatieverschillen
tussen frasen en woorden/samenstellingen vaak aangehaald worden als on-
dersteunend bewijs voor het bestaan van toon-klemtooninteractie, wordt het
VO-SP-onderscheid niet voorspeld door analyses op basis van klemtoon en
is het onderscheid ook zelden gedocumenteerd voor andere dialecten. Gecon-
troleerde experimenten tonen aan dat disyllabische VO- en SP-structuren
verschillende patronen van tooncontourneutralisatie hebben in hun eerste let-
tergreep, wederom in tegenstelling tot voorspellingen op basis van klemtoon.
Daarnaast blijkt dit onderscheid te verdwijnen in quadrisyllabische structuren,
wat wijst op een interactie tussen de syntactische structuur en de grootte van
de constituent, die niet op een toereikende manier kan worden verklaard vanuit
klemtoon. Daarentegen wijzen deze patronen mogelijk op grenseffecten van
verschillende prosodische constituenten, waarvan de vorming wordt bepaald
door zowel syntactisch-prosodische overeenkomst als door beperkingen gere-
lateerd aan grootte.

Hoofdstuk 5 vat de belangrijkste bevindingen van deze dissertatie samen,
bespreekt de theoretische implicaties van deze bevindingen en schetst mogeli-
jke richtingen voor toekomstig onderzoek.

Al met al toont deze dissertatie aan dat analyses op basis van klemtoon,
ondanks hun invloed, niet goed generaliseerbaar zijn naar dialecten met com-
plexe sandhipatronen. In het Shaoxing Wu-Chinees observeerden we geen
onafhankelijke akoestische correlaten van klemtoon behalve de toonpatronen
zelf, terwijl klemtoon geen coherente verklaring biedt voor toonrealisaties
in verschillende domeinen. Deze bevindingen roepen op tot een sterker em-
pirisch onderbouwde benadering van toon-klemtooninteractie in Sinitische
taalvariëteiten en onderstrepen het belang van het onderzoeken van complexe
sandhipatronen. Bovendien onthullen de toon-sandhipatronen in het Shaoxing
Wu-Chinees algemenere tendensen in het Noordelijke Wu en bieden ze nieuw
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empirisch bewijs voor hoe de morfosyntactische structuur en constituentg-
rootte gezamenlijk bijdragen aan de vorming van prosodische constituenten.



中文摘要

在汉语方言研究中，重音常被用以解释连读变调现象。然而，基于重音
的解释存在两个值得进一步探讨的问题：首先，现有研究主要集中于具
有典型左控（left-dominant）或右控（right-dominant）变调模式的方言，
在类型学上具有局限性；其次，这些研究普遍缺乏支持重音存在的独立
证据。在此背景下，本文以呈现复杂变调模式的绍兴吴语为研究对象，
考察了声调与重音可能存在的互动关系。通过一系列声学实验，本文研
究了绍兴吴语中双音节词、三音节复合词以及不同长度的短语结构的变
调模式，并探讨重音能否对其作出系统的解释（从而为重音的存在提供
独立于声调实现本身的证据），以期更好地理解汉语方言中声调与重音
的互动关系以及复杂连读变调模式的形成机制。
第一章回顾了汉语方言中声调与重音互动关系的相关研究，介绍了

本文的研究对象——绍兴吴语，提出了本文的研究问题，并概述了本文
的整体结构。
第二章研究了绍兴吴语中双音节词的连读变调及其与重音可能存在

的互动关系。研究结果表明，左控式与右控式变调在双音节词中并存：
首字本调为升调的词呈现左控式变调，首字保留本调，末字的本调被中
和；首字本调为降调的词则呈现右控式变调，末字保留其本调特征，而
首字的本调被简化。然而，关于上述左控式/右控式变调的差异是否源于
重音，时长数据并未提供直接支持的证据：无论呈现何种变调模式，末
字的时长始终长于首字。
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第三章将研究范围扩展至三音节复合词，考察了重音能否系统地解
释双音节词与三音节复合词中声调的实现及变调域的构成。若双音节词
中左控式/右控式变调的差异源于重音，则 2+1和 1+2结构的三音节复合
词在变调域构成上应有所不同，且次字和末字的本调也应影响其变调模
式。研究结果显示，所有 2+1结构以及绝大多数 1+2结构的复合词均只
构成一个变调域，且其变调模式基本仅由首字单独决定。这与基于重音
的预测不符，说明重音对复杂连读变调模式的解释力有限。进一步比较
不同长度的词/复合词的变调模式后，我们发现它们在变调曲拱（sandhi
contour）上具有相似性，并提出绍兴吴语的变调曲拱可能由首字调替换
后向右扩展而形成。
第四章研究了绍兴吴语中动宾与主谓结构短语在声调实现上的差异；

这一差异虽见于方言学文献，但相关实证证据仍十分有限，在其他方言
中也鲜有记录。研究结果表明，双音节动宾与主谓结构在首字的声调实
现上确实存在差异，具体体现在调型的中和模式上，而重音难以对此作
出解释：重音虽可解释短语与词/复合词之间的声调差异，却无法预测不
同结构短语之间的差异。此外，这一差异在 2+2结构的四音节短语中消
失，表明句法结构与构成成分大小之间存在互动关系。我们认为，上述
现象更可能反映不同韵律成分的边界效应，其构成同时受句法结构与大
小限制的制约。
第五章总结了本文第二至四章的主要发现，讨论了其理论意义，并

指出了未来研究的方向。
综上所述，本文表明，以重音解释连读变调的做法虽影响广泛，却未

必能推广至具有复杂连读变调模式的方言。在绍兴吴语中，我们并未观
察到支持重音存在的独立声学特征，重音也无法对不同层级的复杂声调
实现作出系统的解释。汉语方言声调与重音互动关系的研究需要建立在
更坚实的实证基础之上，复杂的连读变调模式也亟待得到更多重视。此
外，绍兴吴语的连读变调模式反映了北部吴语中更具普遍性的规律，并
为句法结构与大小限制如何共同影响韵律成分的构成提供了新的证据。
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