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Abstract

In register tone languages, prominence and tone are related such that prominent (stressed)
position and high tone are mutually attracted, as are non-prominent position and low tone. From
the available literature, it appears that nothing is known about the relationship between stress and
tone in contour tone languages. We examine this question, focusing principally on Tone 2 (T»)
sandhi in Mandarin, because it is uniformly accepted as being triggered by stress. As there is
little agreement on the other factors involved in T, sandhi, we first undertake an experiment that
seeks to better establish the facts. From the acoustic analysis of the results, we argue that T,
sandhi applies only when T, syllables occur in unstressed position. We briefly extend our
examination to the other three tone sandhi processes in Mandarin and conclude that all tone
sandhi processes in the language are stress-driven: stress governs the realization of tone such that
prominence makes tone high and rise and non-prominence makes tone level. We conclude more
generally that a bipartite relationship holds between stress and tone in contour tone languages:
there is a correlation between high/(low) register and the presence/(absence) of stress, and a
correlation between contour/(level) tone and the presence/(absence) of stress.



1. Introduction.

Prosodic systems can be broadly divided into two types: tone systems and stress systems. There
are, however, a range of systems intermediate between these two extremes, languages in which
tone and stress co-occur (Hyman 2006). In register tone languages of this profile, a relationship
holds between prominence and tone as follows: stressed position attracts high tone and high tone
attracts stress (Liberman 1975, Selkirk 1984, 1995, Goldsmith 1987); low tone attracts non-
prominence and non-prominent position attracts low tone (de Lacy 1999, 2002, 2007).

To our knowledge, nothing is known about the relationship between stress and tone in
contour tone languages. Since contour tone languages represent the other major type of tone
language in the world and both contour and level tones exist in such languages, understanding of
the interaction between tone and stress remains incomplete until an examination of such
languages is undertaken.

In this paper, we explore this understudied topic through a comprehensive look at stress—
tone interaction in Mandarin. We focus on Mandarin for two reasons. First, Mandarin has an
extensive tonal inventory that includes both level and contour tones and, among contours, both
rising and falling tones. Second, Mandarin is perhaps the most widely studied contour tone
language in the world (see Chen 2000 and references therein); the existing literature thus
provides a valuable resource from which to launch an investigation into the relationship between
prominence and tone.

To examine how tone and stress interact, it is of course essential to consider how tone is
affected by varying the prosodic context. To this end, we focus on tone sandhi, tonal alternations
that occur in connected speech (Chen 2000). We concentrate principally on Tone 2 (T,) sandhi,
as it is the only tone sandhi process in Mandarin that is uniformly accepted as being triggered by
stress. Unfortunately, however, controversies exist concerning the factors involved in T, sandhi.
We thus undertake an experiment that seeks to better establish the facts. The empirical
observations that the experiment yields are quite uniform and from these we argue that T, sandhi
applies only when T, syllables occur in prosodically non-prominent (unstressed) positions. We
briefly extend our examination to the other three tone sandhi processes in Mandarin and
conclude that all tone sandhi processes in the language are stress-driven: stress governs the
realization of tone such that prominence makes tone high and rise and non-prominence makes
tone level. We conclude more generally that a bipartite relationship holds between stress and
tone in contour tone languages: there is a correlation between high/(low) register and the
presence/(absence) of stress, and a correlation between contour/(level) tone and the
presence/(absence) of stress.

The paper is structured as follows. In section 2, we introduce Mandarin T, sandhi;
although there is general agreement that this process is triggered by stress, from the discussion
provided, it will become evident that there is significant controversy regarding the other factors
involved. Accordingly, after posing a set of research questions in section 3, in section 4, we
detail an experiment we undertook which aims to better establish the facts. The results of the
experiment, reported in section 5, prove to be quite uniform. Not surprisingly, they reveal that T,
sandhi is in part sensitive to the tones of the surrounding syllables. In light of this, we provide
our views on the tonal structures for the five Mandarin tones in section 6. As we later motivate a
formal link between tonal profile and prominence, in sections 7 and 8, we examine Mandarin
foot shape and the prosodic structures of di- and tri-syllabic constructions. The experimental
results from section 5 are analyzed in section 9 which, in turn, leads to a prosodic licensing
account of Mandarin T, sandhi, in section 10. In section 11, we briefly examine the three other
tone sandhi processes in Mandarin. This analysis, in concert with our account of T, sandhi,
reveals the formal relation between tone and stress in Mandarin and, we speculate, in contour
tone languages more generally.



2. Overview of T, sandhi.

We begin with an overview of tone sandhi in Mandarin. Mandarin has five tones which are
standardly described as follows: T1 (high level), T, (high rising), T3 (low dipping), T4 (high
falling) and Ty (neutral tone).' All morphemes are monosyllabic and each morpheme
underlyingly bears tone: lexical morphemes are underlyingly specified for T; to Ty4; function
morphemes bear T,.

Mandarin has four tone sandhi processes: Ty sandhi, T3 sandhi, yi-bu-gi-ba sandhi and T,
sandhi (e.g. Chao 1968). For the first three, there is little dispute about the factors involved (see
further section 11.2). This is not the case for T, sandhi. As a first attempt, we can describe T,
sandhi as simplification of T, (high rising) to T, (high level) when unstressed in medial position
in a trisyllabic construction. However, there are unresolved questions regarding most aspects of
this process. To highlight the extent of the disagreement in the literature, Table 1 summarizes the
findings of four proposals: Chao (1968), supplemented by Chen (2000) and Duanmu (2007); Luo
& Wang (1981); Wu (1984); and Chang (1992).> As can be seen, disagreements concern both the
conditions that must hold for T, sandhi to apply as well as the fonal change that T, undergoes.’

Chao (1968), | Luo & Wang Wu (1984) Chang (1992)
Chen (2000), (1981)
Duanmu (2007)
Conditions:
30 constructions only | yes yes yes no
Hierarchical structure [[o o] o]
Stress as trigger yes yes yes
Speech rate conversational fast speech
speech
Initial syllable T1 T2 T1 T2 T3 T4 Tl T2 Tl T2 T4
Final syllable T, T, T3 Ty T, T, T3 Ty when T Ty, To—Ty; | T To, T3 Ty
when T, T, T,—T4
Tonal change: T, T, T, Ty T,
Table 1.

Factors relevant for T, sandhi

Concerning the domain in which T, sandhi applies, all researchers agree that the process
targets the medial syllable in trisyllabic constructions. Chang (1992), however, states that T,
sandhi can target the final syllable in disyllabic constructions as well.

Wu (1984) is the only researcher to address the role that the hierarchical structure of
trisyllabic constructions may play. He concludes that T, sandhi is principally attested in left-
branching ([[c o] o]) rather than right-branching ([c [c ]]) constructions. From the examples he
provides, it is evident that the difference corresponds to word-internal versus phrase-level
structure: left-branching structures are morphologically-complex words; right-branching
structures are phrases.

If T, sandhi targets the medial syllable in trisyllabic constructions, the affected T, (high
rising) has the potential to be in foot dependent position. It is perhaps not surprising, then, that all
researchers who examine the factor of stress agree that T, sandhi is triggered when the syllable
bearing T, is unstressed (Luo & Wang 1981, Chang 1992, Chen 2000, Duanmu 2007). The
agreement, however, appears to end there. Luo & Wang do not discuss how stress is assigned in
Mandarin so we cannot glean anything further from their proposal. Chen (2000) uses T, sandhi
to support a right-prominent rhythmic structure for Mandarin although an account of T, sandhi
like his seems equally possible when assuming a trochaic foot as in Chang (1992) and Duanmu
(2007). Indeed, if Mandarin is trochaic and if Wu’s observations about branching are correct,



then the second syllable in a left-branching structure would be in foot dependent position. We
return to this below.

If stress can be affected by speech rate, it would not be surprising to find that some
researchers, namely Chao (1968) and Chang (1992), consider speech rate to be relevant to the
application of T, sandhi. Chao remarks that T, sandhi is attested in what he terms conversational
speech but not in deliberate speech. Chang claims that T, sandhi is attested in fast speech, but
she does not mention whether this should be equated with Chao’s conversational speech.

Turning to the tonal profile of the syllables surrounding the targeted T, (high rising),
significant variation is observed across researchers. Luo & Wang’s (1981) proposal is the most
permissive: they consider T, sandhi to apply when both the initial and final syllables bear any
tone except Ty (neutral tone). Other researchers have concluded that the profile of the initial
syllable is more restricted: Chang (1992) states that an initial T3 (low dipping) rarely triggers T
sandhi, something which is considered to be outright forbidden by Chao (1968) and Wu (1984)
as well. The latter researchers also do not consider an initial T4 (high falling) to be a potential
trigger.

Regarding the tonal change that T, (high rising) undergoes, all researchers agree that the
contour of T, is simplified into a level tone, namely T, (high level). Wu’s (1984) proposal,
however, is more restricted: T; results only when the final syllable bears T, (high level) or T4
(high falling); T, is otherwise changed into Tj.

3. Research questions.

We have observed that there is disagreement regarding virtually all of the factors involved in T,
sandhi. In light of this, we undertake an experiment that strives to better establish the facts. The
empirical and theoretical questions that we address in the experiment and ensuing analysis are as
follows.

(1) Empirical questions

a. Does T, sandhi apply in disyllabic as well as in trisyllabic constructions?
b. Does speech rate play a role in the application of T, sandhi?
c. Does hierarchical structure play a role in the application of T, sandhi?
d. What are the tones carried by the initial and final syllables which trigger T, sandhi?
e. What is the sandhi form of T,?
(2) Theoretical questions

a. What kind of stress system does Mandarin have, and how does footing and prosodic
structure more generally interact with T, sandhi?

b. If T, sandhi is induced when the T, syllable lacks stress, why are other tones not
subjected to similar sandhi processes in this environment?

We turn to the design of the experiment in the next section.
4. An experiment on T, sandhi.

Surprisingly, no experiment, to our knowledge, has been undertaken which specifically targets
T, sandhi in Mandarin. This may, in part, be responsible for the disagreement observed across
researchers as to the factors involved in this sandhi process.

Dreher et al. (1969) and Wu (1984) report on experiments which examine trisyllabic
constructions, but both experiments were designed to test these constructions with several types
of tonal combinations: the medial syllable ranged from T, to T4. For both papers, it is difficult to
assess how robust the findings are for T, sandhi: Dreher et al. include only 16 forms with medial
T, (high rising) and Wu does not indicate how many constructions in his experiment were
relevant for T, sandhi. A further complication for both studies is that most other factors were not
controlled, which may, of course, have impacted the results.



Concerning the design of the present experiment, factors relevant to both stimulus shape
and subject profile were taken into consideration.

4.1. Methods. In the following sections, we present the experimental design through
discussion of the factors that were controlled.

4.1.1. Language-internal factors. In order to test whether T, sandhi is attested in
disyllabic as well as in trisyllabic constructions, both kinds of constructions were included in the
experiment. The tones present on the syllables preceding and following the targeted T, syllable
were controlled. For trisyllabic stimuli, the hierarchical structure of the construction was also
controlled.

Since an initial or final T, (neutral tone) has never been reported to trigger T, sandhi,
constructions with these tones were not included. The trisyllabic stimuli used in the experiment
are those with the medial syllable set to T, and the initial and final syllables ranging from T, to
T4. Both left-branching ([[c o] o]) and right-branching ([c [c o]]) structures were included
because these constructions minimally contrast as far as the relationship of the medial syllable to
surrounding syllables is concerned. The left-branching structures were words of the shape
[[N N] N]n or [[A N] N]n; the right-branching structures were phrases of the shape [A [N N]]np
or [V [N N]]vp. This yields a total of 32 stimuli; see (3).

3) Trisyllabic constructions
[[c o] o] [c [c o]l
T, T, T T, T, T
T, T, T, T,
T3 T T T
Ty Ty Ty Ty

For disyllabic constructions, in order to determine whether it is the initial or final syllable
that triggers T, sandhi, eight constructions were included with T, located in initial or final
position, as shown in (4). All of these stimuli were morphologically-complex words.

4) Disyllabic constructions

T, T T, T
T, T,
T T
T4 T4

Taken together, the trisyllabic and disyllabic constructions yield a total of 40 stimuli. All
stimuli contained commonly used words in Mandarin.

Turning to the syllable bearing T, (high rising), the segments in the onset and rhyme of
this syllable were controlled as follows. Consonants usually have an effect on the pitch carried
by the following vowel (see Hombert 1978). Because voiceless unaspirated stops and affricates
become voiced in Mandarin in the onset of an unstressed syllable (Luo & Wang 1981), we
limited the initial consonant of the T, syllable to voiceless aspirated. Although the Mandarin
vowel inventory contains both monophthongs and diphthongs, the latter are inherently longer
than the former (Feng 1985); in order to limit variation in the length of the rhyme across st1mu11
to the extent possible, the rhyme of the medial vowel was restricted to monophthongs, /i u al’

In addition, as syllables in phrase-final position are usually lengthened in Mandarin (Feng
1985, Wang & Wang 1993) and this may have an effect on T, sandhi, the stimuli were placed in
the carrier sentence in (5) in order to minimize any lengthening effect on their final syllables.

(5) [suu; sans mai, jous san; kyy tsiiy]
bookup no have  three CL character

‘There are no three characters  in the book.’



Finally, the syllable immediately following the stimuli in the carrier sentence was also controlled
in order to minimize any influence it could have on the preceding syllable. The morpheme [san;]
‘three’ was chosen since it bears T; (high level) and its initial consonant is a sibilant, both of
which rarely affect the pitch of the preceding syllable.

4.1.2. Language-external factors. Two major language-external factors that may have an
effect on T, sandhi are the profile of the subjects participating in the experiment and the rates at
which the stimuli are spoken.

Concerning the subjects, data were collected from three female native speakers of
Mandarin who were 38 years old at the time of testing and had the same level of education (BA
or higher). All subjects were born in Harbin and had lived in this city continuously since they
were born. Harbin was selected because the dialect spoken in this city is qulte homogeneous and
is considered to be the most representative of Standard Chinese (Ying 2002).°

To ensure that speech rate could be examined, su 7]ects were asked to read each sentence
at three different speech rates: fast, moderate and slow.” The goal was to be able to compare
speech rates both within and across speakers. In order to best control a given speech rate across
items, each subject read all 40 sentences at one speech rate before going through the list again at
a different speech rate.

Each of the three speakers read 40 sentences at three different speech rates yielding a
total of 360 data points for analysis.

4.1.3. Recording conditions. The stimuli were recorded in a professional music studio in
Harbin. Recording conditions were controlled across subjects.

4.1.4. Phonetic analysis. The stimuli were first isolated from the carrier sentence. The
pitch contour of the syllables carrying T, (high rising) was then examined in pitch tracking
graphs, narrow band spectrograms as well as pulse intervals in expanded waveforms. All
phonetic analysis was conducted in Praat (Boersma & Weenink 2010).

5. Results.

Before we present the experimental results, recall the empirical questions introduced in (1) as
follows: (a) Does T, sandhi apply in disyllabic as well as in trisyllabic constructions? (b) Does
speech rate play a role in the application of T, sandhi? (c) Does hierarchical structure play a role
in the application of T, sandhi? (d) What are the tones carried by the initial and final syllables
which trigger T» sandhi? (e) What is the sandhi form of T,? In the following sections, we present
the findings in answer to each of these questions.

5.1. Disyllabic constructions. Recall that two types of disyllabic constructions were
included in the experiment: half had an initial T, (high rising) syllable and half a final T, syllable.
In the constructions with T in initial position, T, remains as a rising pitch in all three speakers’
productions at all three speech rates. The only exception was one token spoken by Speaker 1 in
fast speech shown in (6). We return to this example in section 9.3.3.

(6) /te"ii, pPauy/ —  [te"ii; p"aus]  ‘cheong-sam’ (woman’s gown in Qing Dynasty)

In the constructions with T, in final position, T, similarly always keeps its citation tone, for all
speakers’ productions at all three speech rates. No speaker variation was observed.

In answer to question (1a), the experimental results indicate that T, sandhi is not attested
in disyllabic constructions contra Chang (1992).

5.2. Trisyllabic constructions. T, sandhi was robustly attested in trisyllabic constructions
under certain conditions. One of these conditions was speech rate; we discuss this first.



5.2.1. Speech rate. Each speaker was quite uniform in her productions for a given speech
rate. There was, however, some variation across speakers. Speaker 3 always spoke faster than the
other two subjects. Her moderate speech rate was equivalent in duration to the fast speech rate of
the other speakers: the stimuli for her moderate speech and for the other two speakers’ fast
speech fell within the range of 500-690ms. We will thus group Speaker 3’s moderate speech with
the two other speakers’ fast speech and label all of these utterances as ‘fast speech’.”

In response to question (1b), we observe that T, sandhi is attested in fast speech only
(within the range of 500-690ms), consistent with the findings of Chang (1992). In moderate and
slow speech, T, (high rising) keeps its citation tone intact. This is not surprising if differences in
speech rate reflect differences in prosodic structure: it is only in fast speech that medial T, lacks
stress and undergoes T, sandhi.

5.2.2. Sandhi form of T,. Before turning to the other factors that potentially affect T,
sandhi, we briefly discuss the sandhi form of T, (high rising), question (1e). Because T, sandhi is
attested in fast speech only and the targeted syllable is in unstressed position, it is not surprising
that our experimental results reveal that the process involves simplification of T, to a level pitch.
We will follow common practice in indicating the sandhi form of T, as T; (high level); in
reality, however, we observe that the sandhi form is either high or mid: it is hrg)h level
(equivalent to T)) after another T, or T, (high rising) and mid level after T4 (high falling).

5.2.3. Hierarchical structure. Turning to (lc), the question of whether hierarchical
structure plays a role in the application of T, sandhi, recall that the trisyllabic stimuli included
both left- and right-branching structures (words and phrases respectively). A summary of the
results, organized into columns by hierarchical structure, is given in Figure 1. The stimuli are
arranged in blocks, A-D, according to the tone of the first syllable The tonal patterns enclosed in
the boxes are those Where T, sandhi is attested. Those in boldface are where variation across
speakers is observed. Four of the variable patterns are contained inside the relevant box; this
indicates that two of the three speakers displayed T, sandhi in their outputs, suggesting that this
is the preferred pattern.'” For the fifth variable pattern, T, sandhi was attested only in one
speaker’s outputs and, thus, it is not boxed.



[[cc]c]  [o[oa]]

ATTT.T, TITT|
T, T, T, | Ti T, T
T, T, T; | Ty To T
T1 T2 T4 Tl T2 T4

B. Tz Tz T] T2 Tz T1
T, T, T, T, T, T,
T, T, T;  To Ty T;
T, T, T4 T, T, T4

C. T:T,Ti T3T, Ty
T3 T, T, T3 Ty Ts
T3 T, Tz T3 Ty T
T3 To T4 T3 Ty T4

D. | T4 T, Ti Ts4T2 Ty
T4 To To
Ty T, T3 T4 Ty T3
Ty T Ta T4 Ty Ts

Figure 1.
Summary of experimental results

As can be seen from the figure, the hierarchical structure of the constructions alone
cannot predict whether or not T, sandhi will apply. Rather, it interacts with the tonal profile of
the surrounding syllables. In view of this, we turn now to discuss the role of the initial and final
syllables. We will revisit the issue of hierarchical structure in section 5.2.6.

5.2.4. Tonal profile of initial syllable. Turning to question (1d), a glance at Figure 1
reveals that the tone carried by the initial syllable has a significant effect on the application of T
sandhi; the tone carried by the final syllable seems to play a less important role.

An initial T; (high level) triggers T, sandhi in all of the left-branching trisyllabic
constructions, as can be seen in the first column for A in Figure 1. Representative examples are
provided in (7). The medial T, (high rising) is realized as a level pitch which we indicate as T;
(as per section 5.2.2). Importantly, the vowel which undergoes T, sandhi is realized as short; we
discuss this further in section 9.2.

(7c) reveals that variation is observed across speakers when the final syllable bears T;
(low dipping). The preferred pattern appears to be the sandhi output, displayed by Speakers 2
and 3 (S2 and S3)."" We address speaker variation more concretely in sections 9.3.3 and 9.3.4.

(N [[o10:] o]

a. /ts"uu; p'ii, pauy/

—  [ts"uu, Ehil pau; ] ‘handbags made of pig skin’

b. /tson, ts"aa, p'aiy/  — [tson; ts"a; p'ais] ‘scout platoon’

c. /k"an;ts'aa; s"os/ — [k"an;ts'a; s"00;] ‘Observation Office’ (S2 & S3)
—  [k“an, ts"aa; s"0s] (S1)

d. /k“an, ts"aa; saus/ — [kVan, ts"a; saus]  ‘sentry post’



For right-branching structures, the second column for A in Figure 1 indicates that T,
sandhi is attested when the final syllable bears T, (high level) as shown in (8a), but not when this
syllable bears T (low dipping) and Ty (high falling); see (8c- -d).'* Speakers vary when the final
syllable bears T, (high rising), as the examples in (8b) show, with no application of T, sandhi
seeming to be the preferred pattern.

®)  [o1[o20]],

a. /¢au p iip pau;/ —  [eou p i; pau; ] ‘to repair leather handbags’

b. /xaij ts'aa, x"uuy/ — [xdi; t§haa2 xwuuz] ‘black teapot’ (S2 & S3)
—  [xoi ts"a; x "] (S1)

c. /khai1 t§haa2 k“any/ — [khau ts'aa; k“ans]  ‘to run a tea house’

d. /t§hii1 ts aa, tany/ — [t§ 1] ts aa, tany| ‘to eat tea eggs’

In sum, as far as an initial T; (high level) is concerned, both the tones carried by the final
syllable and the hierarchical structure of the constructions are relevant for the application of T,
sandhi: left-branching structures always undergo T, sandhi; right-branching structures only
display T, sandhi when the final syllable bears T, (high level).

Turning to B in Figure 1, those cases where the initial syllable bears T, (high rising), T
sandhi is attested across the board, regardless of the tones carried by the final syllable as well as
the hierarchical structure of the stimuli. Furthermore, no speaker variation is attested.
Representative examples are in (9) and (10).

O [[o20:] 0]

a. /pai p" il § “uu,/ —  [pai, p"i; " uu] ‘white covered book’
b. /Walz te i, p any/ —  [woiy tg 1) p any] ‘encirclement chess board’
c. /ts"on, t§ wu, fas/ —  [ts"ons tsVu; faas] ‘multiplication and division’
d. /n'au, p'iiy taiy/ —  [n'ouy p'iy taiy] ‘belt made of calf skin’
(10)  [o2[020]]
a. /pa12 p" 11% fuu}l/ — [palz P fuuL] ‘white skin’
b. /x“om tg'iiy prauy/  —  [x“omp teh 1] p auy] ‘red cheong-sam’
c. /pai p, uu: tshaug/ — [pai; p u; ts aus] ‘white club grass’
d. /lan, p i kK"Muwy o [lan p i k" uuy] ‘blue leather pants’

C in Figure 1 reveals that the constructions with an initial T3 (low dipping) are the mirror
image of those with an initial T, (high rising). No T, sandhi is ever attested, regardless of
hierarchical structure and the tone carried by the final syllable. There is also no variation
observed across speakers. Examples are provided in (11) and (12).

(1) [[os05] o]

a. /§9u3 t" 11% Galjl/ —  [sous thii ¢an ‘suitcase’
b. /K" aus ts'aa, t" anz/ — [k'aus ts'aa, t"'any]  ‘delegation of investigation’
c. /teans t§haa2 s'us/ — [teans t§haa2 s us] ‘Inspection Bureau’
d. /tsaus t§haa2 tany/  — [tsau; ts'aa, tany] ‘dim-sum restaurant’
(12)  [os5[0; 0]]
a. /x"au; te" il siiy/ —  [x"aus tchiiz siij ] ‘a good rider’
b. /eaus p'aa, ts""on,/ — [caus plaas ts""ony]  ‘a small reptile’
c. /lon; t§haa2 s" a3/ —  [lon; ts"aa, s"ai3] ‘cold tea’
d. /maists'aa, s uuy/ — [mais t§haa2 s'uuy]  ‘to buy tea plants’

Consider, finally, the patterns in D in Figure 1, those with an initial T4 (high falling). The
first column indicates that T, sandhi is attested in left-branching constructions when the final
syllable carries T; (high level) or T, (high rising); see the examples in (13a-b). Speakers vary



10

when the final syllable bears T; (low dipping) as shown by the examples in (13c), and no T,
sandhi is ever attested when the final syllable bears T4 (high falling), as exemplified in (13d).

(13)  [[o4 02] a/

a. /x"auy te" iibeon)/  — [x"auy tchil ¢on; ] ‘curiosity’

b. /siiy i, teiiy/ —  [slig t'1 teiip] ‘test collections’

c. /lais p"ii> kous/ —  [lais p"i; kous] ‘rascal’ (S1 & S3)
—  [laiy p"iis kous] (S2)

d. /tilg t"uw tshywy/ > [tids £ uus tsMvvs] ‘atlas’

The second column for D in Figure 1 reveals that in right-branching constructions with an
initial T4 (high falling), T, sandhi is uniformly attested when the final syllable carries T, (high
rising) or T4 (high falling), as shown in the examples in (14b) and (14d). Variation is observed
when this syllable bears T; (high level) or T; (low dipping), as can be seen in (14a) and (14c).
Interestingly, in the latter two cases, when no T, sandhi is attested, special emphasis on the
medial syllable can be detected, which is manifested by a wider pitch range and longer duration
(see also Luo & Wang 1981).

(14)  [o:[oy0]] |

a. /plaiste"iib plony/  — [plais te"i; plon] ‘to engage soldiers in a surprise
C attack’ (S1 & S3)
o — [paig l;rg;_ iy 1;;99131] (S2)
b. /taas t'iiy t¢ on,/ — [taas t'ii; te oms] ‘cello’
c. /teouy t¢ iin phug/ — [teous t¢'i; p us] ‘used chess manual’ (S1& S3)
— [teouy tchii2 phug] (S2)

h h .
d. /xVaast""uup xVaay/ — [x“aast""uup x“aay] ‘to draw a picture’

In short, similar to what was observed with initial T; (high level), in the case of initial T4
(high falling), both the tones carried by the final syllable and the hierarchical structure of the
trisyllabic constructions affect the application of T, sandhi.

The results for the initial syllable in trisyllabic constructions can be briefly summarized
as follows. An initial T, (high rising) triggers T, sandhi across the board, while an initial T3 (low
dipping) never does. Initial T; (high level) and T4 (high falling) both trigger T, sandhi on
occasion, depending on the hierarchical structure of the constructions and the tonal profile of the
final syllable.

5.2.5. Tonal profile of final syllable. The final syllable has an effect on T, sandhi only
when the initial syllable bears T; (high level) or T4 (high falling) as shown in A and D in Figure
1. We thus limit the discussion to cases where the initial syllables have these profiles.

When the final syllable bears T; (high level), it virtually always triggers T, sandhi
regardless of the hierarchical structure of the stimuli. Examples are provided in (15) and (16).
Variation across speakers is found with a final T; (high level) and an initial T4 (high falling) in
right-branching structures (see D in the second column in Figure 1). T, sandhi was not attested in
Speaker 2’s speech, (16b), and in this case, special emphasis was detected on the medial syllable.

(15) [[002] o1/

a. /t§ uu; p° il pauy/  — [ts"“uu; p'i; pau,] ‘handbags made of pig skin’
b. /x“augtg'iiy gony/  — [x“augte'i ¢oni] ‘curiosity’

(16)  [o[o20/]],
a. /cgul p 112 pau,/ — [cgul p 11 pau ] ‘to repair leather handbags’
b. /piais te"ii ploni/  — [paig te"i; plani] ‘to engage soldiers in a

) o surprise attack” (S1 & S3)
—  [pais t¢'ii> poni] (S2)
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A final T (high rising) behaves differently in that hierarchical structure is relevant. Final
T, regularly triggers T, sandhi in left-branching constructions (see A and D in the first column of
Figure 1), as seen in the examples in (17). It seldom does, however, in right-branching
constructions (see A and D in the second column of Figure 1), as shown in (18).

(7 [loojo] |
a. /tson t§ aa; p aiy/ — [tson t§ a paiz] ‘scout platoon’
b. /siiy t'ii; teiin/ —  [siig t'1) teiip] ‘test collections’

(18)  [o[o:20:]],
a. /xol; t§ aa; Xuuy/ —  [xoi; t§ aa; x uup]  ‘black teapot’ (S2 & S3)
—  [xa1; tg a X “lu,] (S1)
b. /taas thiiz '[(;heljz/ — [taag t'iip t¢ 9132] ‘cello’

When the final syllable bears T; (low dipping), variation across speakers is typically
observed, as can be seen in (19)-(20).

(19) [[002] o3/ X
a. /k“an; t§ aays"03/ — [k“an;ts'a; s"003] ‘Observation Office’ (S2 & S3)

—  [kVan, t§haa2 s¥03] (S1)
b. /lais p"iis kous/ —  [lais p"i; kous] ‘rascal’ (S1 & S3)
—  [lais p"ii» kous] (S2)

20) [o[o0] o
a. /K" ai; t§ aa, k"any/ — [k'aij ts'aa; k"an3] ‘to run a tea house’
b. /teouy tchuz phug/ —  [teouy t¢ 1; p uus] ‘used chess manual’ (S1& S3)
—  [teouy tchiiz phug] (S2)

Lastly, a final T4 (high falling) usually does not trigger T, sandhi; see (21)-(22). T
sandhi is only attested when the initial syllable bears T; (high level) in left-branching structures

(see A in the first column of Figure 1), as shown in (21a). No speaker variation is attested with a
final T4.

21)  [[o 0] o4

a. /k" anlht§ aa2h§au4/ — [kwanlht§ha1 auy] ‘sentry post’
b. /tiig t"uuy ts v/ — [tiig tVuuy ts Yy ‘atlas’
@) [o[ngd] -
a. /t§ 111 t§ aa, tans/ — [ts'1; ts aa; tany] ‘to eat tea eggs’

b. /x“aast"uuy xVaay/ — [x“aast"uu, x“aas] ‘to draw a picture’

5.2.6. Hierarchical structure revisited. We have observed that the hierarchical structure
of the constructions alone cannot predict whether or not T, sandhi will apply. Rather, it interacts
with the tonal profile of the surrounding syllables, notably when the initial syllable bears T;
(high level) or T4 (high falling). In view of this, in the following discussion, we ignore
constructions with an initial T, (high rising) and T (low dipping).

The clearest cases in which T, sandhi can be seen to be sensitive to hierarchical structure
are those constructions where T, (high rising) is both preceded by T; (high level) and followed
by T4 (high falling), or both preceded by T4 (high falling) and followed by T, (high rising). T
sandhi is always attested in left-branching constructions with these tonal profiles and never in
right-branching constructions, as a comparison of (23) and (24) reveals.
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(23)  [[oo] o]

a. /k% an, t§ aay sauy/ — [k“an t§ha1 sauy] ‘sentry post’

b. /siiy th 115 teiiy/ —  [siils t'1 teliy ‘test collections’
24 [o[oq]]

a. /ts'il t§ aa, tang/ —  [ts"i t§ aa, tany| ‘to eat tea eggs’

b. /taas t" ii; t¢ ony/ — [tag th iip t¢ ons] ‘cello’

The effect of hierarchical structure on T, sandhi can also be seen in certain tonal patterns
in which speaker variation is observed. When T (high rising) is both preceded by T; (high level)
and followed by T, (high rising), T, sandhi is attested in all three speakers’ productions in left-
branching constructions, as shown in (25), but only in one speaker’s production in right-
branching constructions, as shown in (26). We will suggest in section 9.3.3 below that the
application of T, sandhi in Speaker 1’s speech in (26) is due to independent factors.

(25 [[oad] d]

/tson) ts"aa, p'aiy/ —  [tson; ts"a; p ais] ‘scout platoon’

(26) [o]o UZ ] .
/xaly ts'aay Xx"uuy/  — [xoiy ts aap X uup]  ‘black teapot” (S2 & S3)
—  [xoi; ts'a; x"uuy] (S1)

Turning to cases where the medial T, (high rising) is both preceded by T; (high level) and
followed by T; (low dipping), T, sandhi is attested in left-branching constructions in the
productions of two speakers, as exemplified in (27), but is never attested in right-branching
constructions, as shown in (28).

(27) [[ oo/ 0] . .
/kYan; t§ aays"03/ — [k“an;ts'a; s"003] ‘Observation Office’ (S2 & S3)
—  [kVan, t§haa2 s¥03] (S1)

(28) [o[oa]

/K ai, ts'aa, k"any/ — [khai | t§haa2 k" an;]  ‘to run a tea house’

Figure 2 summarizes the experimental results for hierarchical structure. Y indicates that
T, sandhi is attested, V stands for variation across speakers where T, sandhi is attested in two
speakers’ productions, and an empty cell indicates that no T, sandhi is attested or that it is only
attested in one speaker’s productions.

Initial Hierarchical Final syllable
syllable structure T, | T, | Ts | Ta
T, [[c o] o] Y|Y|V]Y
(high level) [6 [0 6]] Y
T, [[c o] o] Y|Y|Y|Y
(high rising) [6 [0 6]] Y|Y|Y]Y
T3 [0 o] o]
(low dipping) | [ [0 o]]
T4 [[c o] o] Y|Y |V
(high falling) [6 [0 6]] Vv \Y

Figure 2.
Hierarchical structure in T, sandhi
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5.2.7. Summary. Although the empirical findings of the experiment are quite uniform, we
have observed that T, sandhi is highly complex. The process is not attested in disyllabic
constructions; in trisyllabic constructions, its application is sensitive to speech rate, to the tones
of both the initial and final syllables, and to the hierarchical structure of the constructions; and
finally, the sandhi form of T is a level pitch, either high or mid.

With answers to the five empirical questions that were introduced in (1), we turn now to
the theoretical questions in (2): (a) what kind of stress system does Mandarin have, and how does
footing and prosodic structure more generally interact with T, sandhi? (b) If T, sandhi is induced
when the T, syllable lacks stress, why are other tones not subjected to similar sandhi processes in
this environment? We will address (2a) first, as the answer to (2b) rests on the answer to this
question. However, before we delve into Mandarin prosodic structure, we detail our assumptions
about how tone is formally expressed. This is an essential first step as our assumptions about
tonal complexity will be an important element in our analysis of the prosodic underpinning of T
sandhi.

6. Mandarin tonal structure.

We propose the structures for Mandarin tones in (29). We adopt Bao’s (1990, 1999) model for
formally expressing tone in contour tone languages where tone is represented by independent
register and contour nodes organized under a tonal node t. H and L mark register; [h] and [1] are
tonal features. Register specifies the relative pitch of a tone, while contour specifies the tonal
profile over the tone bearing unit.

(29) a. T;: High level (Hh) b. T,: High rising (Hlh) c. Ts: Low dipping (Lhl)
t t t
H Contour H Contour L  Contour
h 1 h h 1

d. T, High falling (Hhl) e. Ty Low level (L)
t t

/\ /\
H Contour L Contour
/"
h |

The tonal features of Ty, T, and T4 in (29) are consistent with the analyses of Yip (1980)
and Duanmu (2007). Our structure for Ts, however, departs from early work (Chao 1968; see
also Woo 1969, Shih 1997) in that the ‘dip’ (hlh) is not part of the underlying representation we
assume, because this complex contour only surfaces in limited contexts (see further sections 7
and 8.1). We also differ from the position of Yip (1980) and Duanmu (1999) who propose that
Ts is underlyingly a level tone, because T3 always surfaces at least with a falling profile.

Turning finally to Ty, following Yip (1980), we propose that it is a low register tone that
lacks tonal features (for alternative representations, see e.g. Lin 1992, Wang 1997). We have
specified Ty for low register because it never bears stress. Indeed, we will propose in section 7
that there is a formal link between register and stress in Mandarin: low register tones, Ty (L) and
Ts (as Lhl), cannot appear in foot head position. The absence of tonal features for Ty is motivated
by the observation that its tonal specification is determined by the preceding syllable (see further
section 11.2.1). More generally, we regard the presence of tonal features to be the defining
property of lexical morphemes as opposed to function morphemes in Mandarin.

The structures in (29) reveal that T, is the only rising tone in Mandarin. In fact, its
representation as Hlh makes it highly marked (as per Yip’s 2002 criteria). We will argue below
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that its marked status is what triggers T, sandhi when certain prosodic conditions hold. In the
following section, we detail our assumptions about prosodic structure.

7. Mandarin stress.

We assume that prosodic constituents are organized into the hierarchy in (30) (e.g. Selkirk 1980,
1986, McCarthy & Prince 1986, 1995, Nespor & Vogel 1986). Our main focus in this section is
on foot shape.

(30)  Prosodic hierarchy (partial)
Phonological Phrase (PPh)

Prosodic Word (PWd)
Foot (Ft)
Syllable (o)
Mora (p)

Although there is general agreement that T, sandhi is induced when the T, syllable lacks
stress, exactly how stress works in Mandarin is a thorny issue. We follow Yip (1980, 1995) and
Duanmu (1990, 1993, 2007) in regarding Mandarin as a weight-sensitive language. We accept
their position that To (L) syllables are uniformly light and T, (Hlh) syllables, uniformly heavy.
However in contrast to their view that T; syllables are heavy, we consider these syllables to be
light."® Departing from Yip and Duanmu further, we propose that syllables with other tonal
profiles, Ty (Hh) and T4 (Hhl), vary in their welght Our position is summarized in (31) (for
detailed discussion of Mandarin weight sensitivity, see Qu 2007).

(31) | Heavy syllables | Light syllables
To (Lh)
T, (Hh) T, (Hh)
T, (Hlh)
T5 (Lhl)
T, (Hhl) T, (Hhl)

We adopt the view that Mandarin feet are trochaic. To our knowledge, this has never
been in dispute (among those who assume that Mandarin has feet). Although many researchers
point out that final syllables in Mandarin are prominent (Chao 1968, Lin et al. 1984, Chen 2000),
it has not been proposed that this is due to a right-aligned iambic foot because it is also widely
recognized that the initial syllable receives stress (following Chao 1951, 1968). In view of this,
we suggest that initial prominence is due to a left-aligned trochee. Final prominence, however,
we attribute to a final lengthening effect, a commonly observed process across languages (Hayes
1995).

Concerning the type of trochee that Mandarin builds, we assume that this foot is
optimally uneven (following Goad et al. 2003, Goad & White 2006). In spite of the fact that
uneven trochees are cross-linguistically marked (Hayes 1995), they have been shown to play a
central role in the grammars of other languages as well (e.g. Bani-Hassan Arabic (Kenstowicz
1994), Kambera (van der Hulst & Klamer 1996), Tondano and Mohawk (Piggott 1998) and
Seleyarese, Central Slavic and Mohawk (Mellander 2002)). Following Duanmu (2007), more
specifically, we propose that stressed syllables in Mandarin are always heavy; this leads to (6,,06,)
as well as (o,,) feet as well-formed to the exclusion of *(c,6,). The adoption of uneven trochees
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contrasts with proposals for left-headed quantity-sensitive unbounded feet (Yip 1990, 1995),
moraic trochees (Duanmu 1990, 1993), syllabic trochees (Feng 1995, 2001, 2006; see also
Chang 1992) and ‘dual trochees’ (Duanmu 2007).'* However, it is consistent with the
observation that duration is the principal phonetic correlate for Mandarin stress (Lin et al. 1984).
We provide phonological support for (‘6,.6,)r over (‘'6,0,)r: in section 8 below. More detailed
discussion for uneven trochees as optimal in Mandarin can be found in Qu (2007).

Although we have stated that initial prominence is due to a left-aligned trochee, stress
does not always fall on the initial syllable in a PWd. The lack of consistent word-initial stress is
in part responsible for proposals in the literature that word-level stress in Mandarin is
indeterminate (Kratochvil 1974, J. Li 1957, W. Li 1981, Yin 1982, Xu 1982, Hoa 1983, Duanmu
2007) or that the language lacks word-level stress altogether (Gao & Shi 1963, Yip 1980). We
suggest that there are illusory effects in the language which have led to such proposals and which
instead arise from the different prosodic structures assigned to disyllabic words in combination
with the effect of final lengthening (see Qu 2007 for detailed discussion). Following from the
proposal that Mandarin strives to build uneven trochees, stress falls, we contend, on the leftmost
heavy syllable in a PWd. The location of this syllable depends on tonal profile, as per (31), and
will be further elaborated on in section 8.

Finally, we propose that the rightmost PWd in a PPh bears primary stress (cf. Kratochvil
1974, Duanmu 1998). As per Hayes (1995), we assume that phrase-level stress is assigned by
ENDRULE(RIGHT).

8. Prosodic structures.

As we are concerned with disyllabic and trisyllabic constructions in this work, we turn now to
examine the prosodic structures of these two types of constructions.

8.1. Disyllabic constructions. Our focus in this subsection will be on disyllabic
constructions. This will lead, in section 9.1, to an explanation for why T, sandhi is not attested in
constructions of this size.

In section 4.1.1, we mentioned that the disyllabic constructions under focus are all
morphologically-complex words. Although they are composed of two lexical morphemes, we
will show below that these constructions form single PWds that contain exactly one stressed
syllable.

When considering the relative weight of the two syllables in a disyllabic word, the four
profiles in (32) are all theoretically possible.

(32) a. oo
b. o0
C. GuOu
d. o,0,

Recall from (31) that we regard syllables carrying T3 (Lhl) and T, (L) as 11$ht Thus, for the
profile in (32d), four tonal combinations are a priori possible, as shown in (33).

(33)  Options for o, o,

a. T3 T3
b. T3 Ty
C. T() T3
d. Ty T

However, if Mandarin stressed syllables are always heavy, these tonal profiles are predicted not
to surface intact. This prediction proves to be correct.

Concerning (33a), T3 sandhi applies and the initial T (Lhl) is changed into T, (Hlh), a
heavy syllable (see further section 11.2.2). For (33b), the initial Ts is not realized as Lhl but
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instead as Lhlh (as mentioned in note 13), a tonal profile that can only be borne by a heavy
syllable. Turning to (33c-d), neither profile is attested in Mandarin.

In short, o, o, disyllabic constructions do not surface in Mandarin. Initial T3 syllables
become heavy; initial T syllables cannot be augmented and are thus altogether absent.'® In view
of this, (32) must be revised as in (34) to reflect the attested patterns for Mandarin disyllabic
constructions.

(34) a. oyow
b. o0
C. GuOu
d. *o, 0,

In contrast to (34d), (34a-c) are all attested. In the following lines, we provide the
prosodic structures that we assume for each of these constructions.

When disyllabic constructions are composed of two heavy syllables, as in (34a), two feet
should be formed because of WEIGHT-TO-STRESS: heavy syllables are stressed (definition from
Kager 1999:172). However, an overriding constraint, NONFINALITY: no prosodic head is final in
PWd (Kager 1999:165), prohibits the final syllable from forming a foot. The resulting prosodic
structure for this type of construction is shown in (35a). Stress is correctly realized only on the
first syllable.

Even though the disyllabic constructions under consideration are composed of two lexical
morphemes, the optimal parse contains a single PWd, as mentioned above. If these morphemes
were instead parsed into a compound-like structure, as in (35b), the final syllable would be
footed, given the nonexhaustivity restriction on extrametricality (Hayes 1995:58). The result
would be an output where both syllables in the constructlon are stressed. This is ruled out by
*CLASH: no stressed syllables are adjacent (Kager 1999:165)."” In view of the fact that disyllabic
words contain only one stressed syllable, we do not consider parses with two PWds further.

(35) Input: 0y, 0.y

a. PWd b. *PWd
/\
th PV|Vd PV|Vd
‘o o Ft Ft
N N | |
uw wu ‘o ‘o
N N
uw u u

When disyllabic constructions have the shape in (34b), one foot is formed because
Mandarin favors uneven trochees. See (36).

(36) Input: 6, 0,
P\lNd
Ft

i

'o (0}
N |
wow u

Finally, for disyllabic constructions with the shape in (34c), the initial syllable is left
unparsed because it cannot head the foot due to WEIGHT-TO-STRESS, in combination with a ban
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on degenerate feet. The final syllable thus forms a foot unto itself; it cannot, of course, be
extrametrical, as in (35a), because of the nonexhaustivity restriction on extrametricality. The
structure is provided in (37).

(37) Input: 0, 0,

PWd
yz
o 'o
| N
u wu

WEIGHT-TO-STRESS is highly ranked in Mandarin. Aside from contexts where
NONFINALITY must be respected, heavy syllables always appear in prosodic head position. In the
next section, we will observe that this constraint plays an important role in trisyllabic
constructions as well.

8.2. Trisyllabic constructions. Because we are concerned with trisyllabic constructions
with a medial T, (Hlh) and T, syllables are invariably heavy, our focus in this section will be on
the prosodic structures of trisyllabic constructions with medial heavy syllables. With this
restriction in place, there are theoretically four possible combinations of heavy and light syllables,
as can be seen in (38).

(38) a. oo oW
b. Oy Ouy Oy
C. OuOpy Opy

d. ouou oy

Since Mandarin trisyllabic constructions can be either left- or right-branching, we consider each
of the options in (38) for these two types of constructions independently.

8.2.1. Left-branching constructions. In section 4.1.1, we mentioned that the left-
branching constructions under focus are words, not phrases. Recall as well from section 7 that
Mandarin PWd-level stress falls on the leftmost heavy syllable in this domain. As observed with
disyllabic constructions, left-branching trisyllabic constructions contain only one stressed
syllable; thus, all parses considered below will contain only one stressable PWd. In contrast to
the disyllabic constructions, however, left-branching trisyllabic constructions all involve an
adjunction structure to reflect the constituency involved.

Regarding the profile in (38a) where all three syllables are underlyingly heavy, one foot
is built rather than two, as can be seen in comparing (39a) with the illicit (39b). (39b) is non-
optimal due to the stress clash that results. Stress clash is not observed in (39a) because the final
heavy syllable cannot be footed, in order to satisfy NONFINALITY. As the first two syllables are
parsed into a single foot, the rhyme of the second syllable must shorten, given that it is in foot-
dependent position. The result is an uneven trochee. Stress correctly falls on the initial syllable.
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(39)  Input: [[o.0.] O.]

a. PWwd b. * PWd
PWd PWd
| l\
Ft Ft Ft
T | |
‘o o o 'o ‘o o
N | N N N N
u u w u u uu u u uu

For the profile in (38b) where the final syllable is instead light, two prosodic structures
emerge as optimal, those in (40a-b), because of the building of uneven trochees in combination
with the ban on degenerate feet. The alternative structure in (40c) is illicit due to the presence of
stress clash. The critical difference between (40a) and (40b) is the profile of the medial syllable.
In the former construction, it is in foot-dependent position and so must shorten. In the latter
construction, it is in head position because the initial syllable, which has shortened, is organized
directly by the PWd.!® Both (40a) and (40b) are attested, as will be shown in section 9.2.1.

(40) Input: [[o,.0.]0O]

a. PWwWd c. *Pwd
PWd PWd PWd
t Ft Ft
M u M M M M u M M u M u M

Turning to the pattern in (38c) where the initial syllable is light and final syllable heavy,
the medial heavy syllable occurs in head position as shown in (41). Satisfaction of NONFINALITY
and the ban on degenerate feet are responsible for this structure.

(41)  Input: [[0,0.] 0.]

PWd
PWd
F|t
(¢} 'o (6]
| N N
u wou wow

Finally, when the medial heavy syllable is surrounded by two light syllables as in (38d),
the structure in (42) below arises because of the ban on degenerate feet and WEIGHT-TO-STRESS.
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(42)  Input: [[o.0.] O]

PWd
PWd
/‘T t
o 'o o
| AN |
u wu u

To briefly summarize, whether the input medial syllable occupies head position in the
foot and thereby remains heavy or whether it ends up in foot dependent position and must
shorten is tied to the weight of the surrounding syllables. We will see the significance of this for
T, sandhi after considering the possible structures for right-branching constructions.

8.2.2. Right-branching constructions. In section 4.1.1, we pointed out that right-
branching constructions are phrases. Recall further, from section 7, that phrasal stress in
Mandarin is determined by ENDRULE(RIGHT).

Concerning the pattern in (38a), with three heavy syllables in the input, the medial heavy
syllable is in head position as seen in (43a). The initial syllable must link directly to the PPh and
so the vowel is shortened. The alternative in (43b), where the initial syllable maintains its weight
and thereby heads its own foot, is illicit because of the stress clash that arises. The parse in (43a)
also holds for the pattern in (38c), that where the initial syllable is light in the input.

(43) Input: [0, [0. 0.]] or [0.[0. O.]]

a. PPh b. *PPh
/I
PwWd PV|Vd PWwWd
N\, RN
(0} 'o O ‘o ‘o (e}
| NN NN N
uw wwoouu L T VA U

Turning to (38b), a construction where the final syllable is light, the medial syllable also
ends up in head position with the final syllable as its dependent as seen in (44a). The initial
syllable is shortened as it links directly to the PPh, as was the case in (43a). The alternative in
(44b), where the weight of the initial syllable remains intact, is illicit because of stress clash. The
same structure holds for (38d), where the initial syllable is light in the input.

(44)  Input: [0, [0, 0]] or [0, [0, O]]

a. PPh b. *PPh
/I
PV|Vd PV|Vd PV|Vd
Ft Ft Ft
T | T
(¢} 'o O ‘o ‘o (¢}
| N AN N
u wuoou TR TR AR TR
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Although right-branching constructions are phrases, the optimal forms in (43a) and (44a)
reveal that these constructions nevertheless can contain only one PWd, as was seen for the left-
branching constructions which form words discussed in the preceding section. In constructions
with both types of branching, the single PWd parse arises as optimal because stress clash is not
tolerated in Mandarin (but see note 17). Given this parallel between left- and right-branching
constructions, we must address what rules out the parse in (45a) for input [0,. [0, 0..]] and the
parse in (45b) for input [o,, [0,. 0.]]. (45a) is parallel to the optimal structure for [[0, 0,] 0..] in
(39a); (45b) is parallel to the optimal structure for [[0,, 0,.] 0.] in (40b).

(45) a. Inmput: [0, [0, 0.]] b. Input: [0, [0, O[]
*Pl|3h *PIl’h
PWwWd PWwWd
PV|Vd PWd
Ft %‘[
l\ |
'o o o o ‘o o
N | N | N |
w u u w u uw w u uw

The representations in (45) are ruled out, we contend, because the prosodifications that
result do not respect the hierarchical structure of the input: the syllables (morphemes) that
compose a phrase must be prosodically grouped together so as to reflect their constituency. The
parses in (45), where the first two syllables form a unit (foot), are inconsistent with the right-
branching inputs [o,, [0,. 0,.]] and [0,. [O.. 0.]].

Because of the isomorphism that holds between the hierarchical and prosodic structures
of phrases, the medial heavy syllable always occupies foot head position, regardless of the
weight of the surrounding syllables. This, we will see, accounts for why T, sandhi applies less
frequently in right-branching structures than in left-branching structures.

In view of the prosodic structures provided in this and the preceding sections, we turn
now to an analysis of the experimental results on T, sandhi.

9. Experimental results revisited.

In section 5, we presented the results of our experiment on T, sandhi. The principal findings are
repeated here: (i) T, sandhi does not apply in disyllabic constructions; (ii) T, sandhi is attested in
trisyllabic constructions with an initial T, (Hlh) regardless of the hierarchical structure of the
construction; (iii) T, sandhi is not observed in trisyllabic constructions with an initial T3 (Lhl)
regardless of hierarchical structure; (iv) variation across speakers is found when the final syllable
bears Tj3; (v) the hierarchical structure of the construction is relevant when the initial syllable
bears either T, (Hh) or T4 (Hhl); and (vi) the sandhi form of T, (Hlh) is a level pitch. Through a
discussion of each of these findings, we argue that T, sandhi applies when T, occurs in
prosodically non-prominent (unstressed) position.

In section 8, we discussed the prosodic structures available for Mandarin disyllabic and
trisyllabic constructions. The general properties of these structures are summarized as follows.
Heavy syllables in disyllabic constructions always appear in head position. In left-branching
trisyllabic constructions, the medial heavy syllable occupies foot-dependent position except
when the initial syllable is light; when the final syllable is light, two structures are possible: the
medial syllable can be in head or dependent position. In right-branching trisyllabic constructions,
the medial heavy syllable always occupies the head position, regardless of the weight of the
surrounding syllables.
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In the following sections, we provide an analysis of the experimental results by making
reference to specific structures presented in section 8. We then turn to address the various
contexts in which T, sandhi under- or over-applies as per these structures.

9.1. T, sandhi and disyllabic constructions. In section 5.1, we presented the results of our
experiment for disyllabic constructions. We observed that T, sandhi does not apply in
constructions of this shape: T, remains as a rising pitch in the productions of all speakers (one
exception aside; see section 9.3.3). In the following lines, we provide an explanation for this
observation that stems from the prosodic structures proposed in section 8.1 for disyllabic
constructions.

Recall that the disyllabic stimuli included in the experiment either have an initial T, or a
final T,. When the initial syllable bears T, (Hlh), two prosodic structures are possible depending
on the weight of the final syllable. When the final syllable bears T3 (Lhl) which is light, a single
foot is formed ((36) above) with the initial T, syllable in foot-head position, as shown in (46a).
When the final syllable is T (Hh), T, (Hlh) or T4 (Hhl), which are heavy, one foot is formed as
in (46b); the second syllable cannot form a foot without violating NONFINALITY ((35a) above). In
both cases, word-level stress falls on T,, the leftmost heavy syllable and, thus, no T, sandhi
applies.

(46) Initial T,

a. P\|7Vd b. PWd
Ft F’\
l\ |
' o ‘o o
AN | AN AN
w u u w u wu
ts'aa, k anj ‘tea house’ ts aay tany ‘tea egg’

When the T, (Hlh) syllable occurs in word-final position, there are similarly two prosodic
structures available ((35a) and (37) above). If the initial syllable is heavy — T (Hh), T, (Hlh) or
T4 (Hhl) — the T, syllable is not footed, as shown in (47a), and T, sandhi does not apply. When
the initial syllable is light, T; (Lhl), word-level stress falls on the T, syllable, as it is the leftmost
heavy syllable in the PWd; see (47b). Since T, is again in foot head position, T, sandhi does not

apply.
(47) Final T,

a. Pwd b. PWwd
FI\ %:lt
'o o o 'o
N N | N
wou uou ) ) u uou )
X aaj ts aa, ‘Jasmine tea’ tsaus ts aa, ‘dim-sum’

Before turning to trisyllabic constructions, we must address why heavy-heavy inputs with
T, (Hlh) in second position are not parsed as heavy-light trochees, as in (46a). The effect would
be that T, sandhi applies. This parse fatally violates faithfulness to the tonal features of T,.
Although we will see that faithfulness can be violated in a similar situation in left-branching
trisyllabic constructions, [[0,0.]0.]—[[0.0.]0.], the critical difference between disyllabic and
left-branching trisyllabic constructions is that an additional foot well-formedness constraint,
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*CLASH, factors into the assessment of the latter. This must be satisfied at the expense of
faithfulness to T, and it is this that triggers T, sandhi in these longer constructions.

To sum up, the structures shown for disyllabic constructions in (35)-(37) revealed that
heavy syllables are restricted to foot-head position. Since syllables bearing T, (Hlh) are heavy,
they always occupy head position in constructions of this shape, as shown in (46)-(47). The
result is that no T, sandhi will ever be attested in disyllabic constructions, regardless of whether
the T syllable occurs in initial or final position.

9.2. T, sandhi and trisyllabic constructions. Recall that T, sandhi is attested more
commonly in left-branching constructions than in right-branching constructions. Recall further
that hierarchical structure has no impact on the application of the process when the initial
syllable is T, (T, sandhi applies across the board) or Ts (T, sandhi is not attested). From the
prosodic structures posited above, it will become evident that we predict that T, sandhi should be
limited to applying in left-branching constructions, although the tone (and therefore weight) of
surrounding syllables must also be factored in. This approach will lead to an explanation for the
absence of T, sandhi in left-branching constructions with initial T3 (Lhl), but not for the over-
application of T, sandhi in right-branching constructions with initial T, (Hlh). The latter will be
addressed in section 9.3.5.

9.2.1. T; sandhi and left-branching constructions. We consider trisyllabic constructions
with left-branching structures first. When the initial syllable is heavy, the medial heavy syllable
typically ends up in foot-dependent position in the output ((39) and (40a) above). The situation
where this does not always hold is when the final syllable is light. In this situation, two structures
are possible ((40a-b) above) which differ in the weight of the medial syllable. Following from
this, if T, sandhi applies when T, (Hlh) occurs in non-prominent position, it should always be
attested when the initial syllable is heavy; and variation across speakers should be observed
when the final syllable is light because of the presence of more than one parse for constructions
of this shape.

Returning to the experimental results, these predictions hold for the most part. When the
input consists of three heavy syllables T, sandhi applies when the initial and final syllables bear
T, (Hh), T, (Hlh) or T4 (Hhl)."*° Consider the example in (48) (compare (39a)).”' When a
morpheme is added to the right of a disyllabic word with a final T, syllable (see (35a)), this
syllable loses its extrametrical status because of the peripherality cond1t10n on extrametricality
(Hayes 1995: 57). The likely alternative would thus be (paiz)re (p"iir)re s*uu;, but this form
contains a stress clash. This forces the medial syllable to become light, resulting in an uneven
trochee. T, sandhi thus applies.

(48) PWd PWd PWd
Ft F|t PWwd
'(|5 o + (|5 — F|t
NN N T
TR

wuoou MW
pai, p1 s uuy

‘white covered book’

Speaker variation is observed when the final syllable is light, that is, Ts (Lhl). This is
because, as discussed earlier, two prosodic structures are possible for input heavy-heavy-light
strings: llght heavy-light ((40b) above) and heavy-light-light ((40a) above)). Consider (49). In
(49a), the medial T, ends up in foot-head position and T, sandhi does not apply. However, to
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avoid clash, the initial syllable must then become light and is parsed directly by the PWd. In
(49b), the analysis for the medial T, syllable is the same as that in (48) and T, sandhi thus applies.
Concerning the two possibilities in (49), since a sequence of light-heavy-light syllables is more
rhythmic than a sequence of heavy-light-light, we speculate that (49a) may be more commonly
attested than (49b). This is consistent with what we observed although our group of speakers is
small.

(49) a. PWd P\de PwWd
1Tt Flt PwWd
'c o + o — %t
N N | |
uu uu u Y] o o
k“an,  ts"aa, s"03 | N |
Moo
k™ an; ts aap S 03
b. PWd P\de PWwWd
1Tt Flt PV|Vd
'O o + o — Ft
N N | T
uu uu u (Y o o
k“an,  ts"aa, s"03 N | |
wuoe
k™an; ts'a; S 03

‘Observation Office’

Let us briefly consider the final possibility, cases where the input contains an initial light
syllable, namely T3 (Lhl). In words of this profile, a medial heavy syllable will always be parsed
as such in the output, regardless of the weight of the following syllable ((41) and (42) above). As
a result, no T, sandhi should be attested. This is consistent with the experimental results, as
shown in (50a-b).

(50) a. PWd P\|7Vd PWd
F|t F|t PWd

o 'o + o — Ft

| AN AN |

u W w o Y o

k"au; ts"aa, t"han, | N N

M M W ou
kaus ts aa, t" an,

‘delegation of investigation’
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b. Pwd P\|7Vd PWd
/Tt F|t Pwd
o 'o + O — Ft
| AN | |
uw wou u o (Y o
teans ts"aa,  s"us | AN |
u iy U
teans ts aap S u3

‘Inspection Bureau’

9.2.2. T, sandhi and right-branching constructions. We turn now to trisyllabic
constructions with right-branching structures. Recall that in constructions of this type, the medial
heavy syllable always occurs in prosodic head position, regardless of the status of the
surrounding syllables ((43) and (44) above). This predicts that no T, sandhi should be attested.
For the most part, this prediction holds true. Consider the representations in (51). Recall that the
stimuli with right-branching structures are phrases. If Mandarin phrasal stress is assigned by
ENDRULE(RIGHT), the medial T, syllable in these constructions will always receive phrasal stress,
regardless of the status of the final syllables, light (as in (51a)) or heavy (as in (51b)).

(51) a. PPh b. PPh
P\?]d PwWd
| N
l\ |
o 'o o o 'O o
| N | | N N
M ww o w B uou wu
ka1, ts'aa, k ans ts'1 ts'aa,  tan
‘to run a tea house’ ‘to eat tea eggs’

Unexpectedly, T, sandhi does apply when the tonal pattern is [0 [02 01]] and, in some
tokens, with [0} [02 02]], [04 [02 01]] and [04 [02 O3]]. It also applies when the initial syllable
bears T,. We address these cases of over-application in section 9.3.

To sum up, our analysis can be briefly stated as follows: T, sandhi does not apply when
T, syllables are stressed, that is, when they appear in head position; it does apply when these
syllables are forced into dependent position where they surface as unstressed. In the next section,
we discuss other factors which obscure the (non)application of T, sandhi as per this analysis.

9.3. Under- and over-application of T, sandhi. Given the prosodic account of T, sandhi
developed here, there are contexts where T, sandhi is predicted to apply but fails to and other
contexts where it is predicted not to apply but nevertheless does. In this section, we provide
explanations for each of these cases of under- and over-application.

9.3.1. Under-application in [[o4 05] 04]. Recall from sections 5.2.4 and 5.2.5 that T,
sandhi fails to apply in left-branching structures with the tonal profile [[04 02] 04]. We attribute
this under-application of T, sandhi to the influence of the pitch of the surrounding syllables. As
T4 (Hhl) is high falling (i.e., the pitch starts high and ends low) and T, (Hlh) is high rising (the
pitch starts low and ends high), when a T, is surrounded by T4 syllables, it serves as a perfect
transition from the initial T4 to the final T4, as shown by the dotted line in (52). In short, T
sandhi may well be applying here, but its application has been disguised.
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(52) [[o40:] T4]

\\

tilg t" uuz tsh ¥y ‘atlas’

9.3.2. Over-application in [0; [0, 0;]]. Concerning the over-application of T, sandhi, we
begin with structures with the tonal profile 6, 0, 0;. Although, as predicted, T sandhi applies in
left-branching structures of this proﬁle it also unexpectedly applies in right-branching structures
(e.g. /¢au; p'iix pauy/ — [eou; p'i; pau;] ‘to repair leather handbags’). We propose that, in this
case, T, sandhi over-applies because of physiological factors that govern the production of tone.

Hirose (1997) observes that pitch differences arise from adjusting the mass and stiffness
of the vocal folds The activity of the crico-thyroid muscle increases to raise pitch and decreases
to lower pitch.** Contracting the crico-thyroid muscle leads to pitch rise. As a result, the effective
mass of the vocal folds decreases and their stiffness increases.

In constructions with the tonal pattern [o; [0, 01]], T2 (Hlh) is surrounded by two T, (Hh)
syllables. The production of this tonal pattern requires the crico-thyroid muscle to be contracted
first, then expanded and then contracted again. In fast speech, this process is difficult to
implement, similar to arresting vocal fold vibration in the production of intervocalic voiceless
stops. The low tone of T, (Hlh) is thus realized as high (Hh) when surrounded by two high tones,
as shown in (53a). In fact, the process of a low tone becoming high when surrounded by high
tones, (53b), is cross-linguistically common, as observed by Kisseberth & Odden (2003) for
many Bantu languages.

(53) a. T,—T,/T, _ T, (Hh—Hh/Hh __Hh)
b. low — high /high _ high

We thus regard the application of T, sandhi in this particular case as resulting from
purely physiological constraints on tone production, in contrast to the prosodically-conditioned
T, sandhi process attested in other environments, as discussed above.

9.3.3. Over-application in [0} [0> 0]]. There are three other right-branching structures
where T, sandhi unexpectedly applies — [0} [02 02]], [04 [02 01]] and [04 [02 03]] — but in each of
these cases, speaker variation is observed. We begin with [0 [0, 02]], constructions with two
structurally-adjacent T, syllables. The pattern of variation observed is in (54).

(54) /xoi; t§haa2 x"uwy/  —  [xoi t§ha1 x"uuy] ‘black teapot’ (S1)
—  [xoi ts"aa, x"uus] (S2 & S3)

We propose that the application of T, sandhi in this construction in Speaker 1°s grammar
is induced by the Obligatory Contour Principle (OCP) (Leben 1973, McCarthy 1986). Two
questions immediately arise. One, why is the OCP only triggered by adjacent T, syllables and
not with tones of other profiles? Two, are disyllabic constructions where two T, syllables are
similarly structurally adjacent as they are in [0; [02 02]] subject to the OCP in Speaker 1’s
grammar as well?

We begin with the OCP restriction to T, syllables. Across languages, OCP effects are
most commonly observed with marked features (or marked feature values) (e.g. [t6 & Mester
1986, McCarthy 1989 on marked laryngeal features; Pierrehumbert 1993, Coetzee & Pater 2008
on marked place features). Here, we show that T, is the most marked tone in Mandarin (see
section 10.1 for further discussion). Consider Yip’s (2002) cross-linguistic markedness
observations for tone in (55).
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(55) a. High tones are more marked than low tones.
b. Contour tones are more marked than level tones.
c. Rising tones are more marked than falling tones.

If we combine these observations into a markedness scale, we arrive at (56) for Mandarin.*
(56) T, (Hlh) > T4 (Hhl) > T; (Hh) > T3 (Lhl) > T, (L)

In short, OCP effects are only observed with adjacent T, syllables, because T, is the most
marked tone in Mandarin.

Turning to disyllabic constructions with adjacent T, syllables, recall that T, sandhi is only
attested in one form, repeated below in (57). As expected from (54), this form is produced by
Speaker 1.

(57)  /te"iix p"auy/ — [te"ii; p"au,]  ‘cheong-sam’ (S1)
— [te"ii; p"au,] (S2 & S3)

Since this is the only disyllabic form in the experiment that underwent T, sandhi, it is evident
that something other than prosodically-conditioned T, sandhi is responsible for the simplification
to T;, namely the OCP. Clearly, the grammar of Speaker 1 is slightly different from the
grammars of the other two subjects in this respect.

9.3.4. Over-application in [0y [0, 01]] and [04 [0; 03]]. Speaker variation is also
unexpectedly attested in right-branching constructions with an initial T4 (Hhl) and a final T, (Hh)
or Ts (Lhl). T, sandhi over-applies in the grammars of Speakers 1 and 3. The examples are
repeated in (58).

(58) a. /paiste"ii, pog/  — [phaistei; pa;i]  ‘to engage soldiers in a
) oL surprise attack’ (S1 & S3)
—  [pais t¢"ii> poni] (S2)

b. /teouy tchiiz phug/ —  [teouy tc:il phu3] ‘used chess manual’ (S1& S3)
—  [teouy t¢iip phug] (S2)

We propose that the application of T, sandhi in the productions of Speakers 1 and 3 is
due to the quality of the surrounding vowels, rather than to prosodic factors. The prosodic
structure of these constructions should be that in (44a) where the initial syllable is shortened and
linked to the PPh and the medial syllable is in foot head position. In both (58a) and (58b),
however, the quality of the vowels in the first two syllables makes this difficult to attain: the
initial syllables contain diphthongs, which are inherently more difficult to shorten than
monophthongs, and the medial syllables, the vowel /i/, which is shorter than other monophthongs
in Mandarin (Feng 1985). Stressing the medial /i/ in the constructions in (58a) and (58b) thus
requires a concerted lengthening because, as mentioned earlier, duration has been experimentally
shown to be the principal phonetic correlate of stress in Mandarin (Lin et al. 1984). If this
account of over-application of T, sandhi is correct, when it fails to apply, as in Speaker 2’s
productions, special emphasis should be observed on the second syllable containing stressed [ii]
when it follows a syllable containing a diphthong. This is precisely what was attested in Speaker
2’s productions of both constructions in (58).%

9.3.5. A greater role for OCP: Over-application in right-branching constructions with
initial T,. The preceding sections on under- and over-application of T, sandhi have revealed that
T, sandhi is a complex process with many factors at play. In addition to the role that stress and
prosodic structure more generally plays in the process, we have seen that other factors, both
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phonological and phonetic, can influence the process: the OCP, the pitch of surrounding
syllables and vowel quality. If we remove these non-prosodic effects on T, sandhi, we arrive at
the following observations.

For initial T, (Hh) and T4 (Hhl), prosodically-conditioned T, sandhi applies in left-

branching constructions but not in right-branching constructions, as shown in (59). The
difference between (59) and A and D in Figure 1 (section 5.2.3) is that all cases of [c [c ¢]] have
been moved out of the class of prosodically-conditioned T, sandhi contexts. For initial T},
[o1 [02 61]] has been removed as T, sandhi was argued to over-apply due to physiological factors
which govern the realization of tone (section 9.3.2). For initial T4, [04 [02 01]] and [o4 [02 03]]
have similarly been removed, as T, sandhi was argued to over-apply due to vowel quality
considerations (section 9.3.4). And finally, for left-branching constructions, [[c4 65] 04] has been
removed as the application of T, sandhi was argued to be disguised due to the quality of the
surrounding tones (section 9.3.1). The overall result is that hierarchical structure can be seen to
play a significant role in the application of T, sandhi, consistent with Wu (1984).

(59)  Prosodically-conditioned T, sandhi with initial T; and T,

a. v [o1402] 01] b. X [c14[0201]]
v [61/4 02] 03] X [01/4 [02 62]]
v [61/4 02] 03] X [01/4 [02 63]]
v [G1/4 02] 04] X [01/4 [02 04]]

In contrast to initial T and T4, for initial T, (Hlh), the role for hierarchical structure is
less clear, as T, sandgli applies across the board, that is, in both left- and right-branching
constructions; see (60).%° Furthermore, no variation across speakers is observed.

(60) T, sandhi with initial T,

a. v [0202]01] b. v [02[0201]]
v [02 02] 03] v [02 [02 02]]
v [02 02] 03] v [02 [02 03]
v [02 02] 04] v [02 [02 64]]

In this section, we attribute application of T, sandhi with initial T, in right-branching structures
to the OCP. That is, its application in (60b) is another case of over-application.

In section 9.3.3, we argued that the OCP is responsible for over-application of T, sandhi
in Speaker 1’s productions of [0] [0, 02]] and [02 02]. We appealed specifically to structural
adjacency, that the OCP comes into play when the second and third syllables in right-branching
constructions both bear T,, the most marked tone in Mandarin. In (60), however, reference to
structural adjacency is not necessary: whenever the initial two syllables bear T,, T, sandhi
applies. Consequently, T, sandhi over-applies in the right-branching structures in (60b): its
application is not prosodically-conditioned here. Concerning the left-branching structures in
(60a), we assume that T, sandhi is prosodically-conditioned here, as it is in (59a), although, of
course, the OCP could also account for T, sandhi applying in constructions of this profile.

In short, (60) can be revised as in (61) which is exactly parallel to (59).

(61)  Prosodically-conditioned T, sandhi with initial T,

a. v [0202]01] b. x[o2[02061]]
v [0202] 03] X [02 [02 02]]
v [02 02] 03] X [02 [02 03]]
v [0202] 04] X [02 [02 04]]

9.4. T, sandhi as a prosodically-conditioned process. We have now isolated the contexts
in which T, sandhi applies as a prosodically-conditioned process. T, sandhi which applies in
non-prosodically-conditioned contexts has been accounted for through other means, as have
cases where the process seemingly under-applies. In view of this, Figure 1 (from section 5.2.3)
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has been revised as Figure 3, by removing T, sandhi that is conditioned by factors other than
prosodic structure. As in Figure 1, tonal patterns which are boxed are those where T, sandhi
applies as a prosodically-conditioned process; those in boldface are where variation across
speakers is observed. The patterns which differ from Figure 1 are marked with a dot: [o; [62 61]]
is now outside the box (over-application due to physiological factors which govern the
realization of tone), as are [o4 [0, 61]] and [o4 [02 03]] (over-application due to vowel quality)
and [0, [0, 014]] (over-application due to OCP); and [o4 [0, 04]] is now inside the box
(application disguised due to quality of surrounding tones).

[[c o] o] [c [0 o]]
A. T, T, Ty e T) Tr Ty
Tl T2 T2 T] TZ TZ
Ty Ty T3 T, T, Ts
Ty Ty Ta Ty, T, T4
B. T2 T2 T1 ® T2 T2 T1
T2 T2 T2 ® T2 T2 T2
Tz Tz T3 ° Tz Tz T3
Tz Tz T4 ® Tz Tz T4
C. T3 Tz T1 T3 TZ Tl
T3 Tz Tz T3 T2 T2
T3 T2 T3 T3 T2 T3
T3 Tz T4 T3 Tz T4
D. Ty T, T Ty T T
T4 T2 T2 T4 T2 T2
Ty T, Ts * T4 T, T;
b T4 T2 T4 T4 T2 T4
Figure 3.

T, sandhi as a prosodically-conditioned process

As can be seen, prosodically-conditioned T, sandhi is entirely tied to hierarchical
structure. The medial syllable in left-branching constructions strives to be in foot-dependent
position in order to avoid stress clash, as discussed in sections 8.2.1 and 9.2.1. Recall from
section 2 that in the previous literature, there is lack of consensus on the role that hierarchical
structure and the tonal profile of the syllables surrounding T, play in the application of T, sandhi.
It should now be clear that these factors play a defining role in this tone sandhi process. However,
we have proposed that this is because these are the factors that influence the construction of
Mandarin prosodic structure.

This concludes our discussion of the theoretical questions posed in (2a) (section 3): what
kind of stress system does Mandarin have, and how does footing and prosodic structure more
generally interact with T, sandhi? Concerning question (2b) (if T, sandhi is induced when the T,
syllable lacks stress, why are other tones not subjected to similar sandhi processes in this
environment?), we have addressed this in part but provide more detailed discussion of this
question in the next section.
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10. Prosodic licensing account of T, sandhi.

It has been argued in the preceding sections that T, sandhi is attested whenever a syllable bearing
T, occurs in dependent (unstressed) position. However, we have not provided a broader
explanation for why tone sandhi does not target T4 (Hhl), a tone that, like T, is a high register
contour tone. In this section, we provide an account of the restriction to T», one which appeals to
prosodic licensing, in particular to licensing asymmetries between heads and dependents (Harris
1997, Dresher & van der Hulst 1998).

10.1. Markedness of Mandarin tones. Our analysis of T, sandhi has argued that tonal
profile is one of the factors involved in this process because it is tone that influences the
construction of Mandarin prosodic structure. That is, tonal profile is intimately connected with
syllable weight which, in turn, means that certain tones are restricted to specific positions within
the foot. In this section, we will argue that this restriction follows independently from the
markedness of a given tonal profile. This, in turn, will lead to an explanation for why it is only T
that undergoes sandhi in foot-dependent position.

Recall from section 9.3.3 that we proposed the scale for Mandarin tones in (63). This was
compiled from the markedness observations in (62) from Yip (2002). Both are repeated below.

(62) a. High tones are more marked than low tones.
b. Contour tones are more marked than level tones.
c. Rising tones are more marked than falling tones.

(63) T, (Hlh) > T4 (Hhl) > T, (Hh) > Ts (Lhl) > To (L)

Let us first make a small modification to (63). There seems to be no evidence to support the
markedness of T4 over T in Mandarin. Rather, the behavior of these two tones indicates that
they are equally marked. First, the experimental results on T, sandhi reveal that initial T; and T4
behave in parallel fashion. Second, in yi-bu-gi-ba sandhi, both T, and T4 are targeted, as will be
discussed in section 11.2.3. In view of this, we revise the scale in (63) to that in (64).

(64) T, (Hlh) > T4 (Hhl), T, (Hh) > T5 (Lhl) > T, (L)
I pp I
I H I
Although the markedness scale in (63)/(64) is derived from the markedness observations
in (62), we have proposed that there is an add1t10na1 link between markedness and syllable
weight, indicated below (64) (see earlier (31)).%” This, in turn, governs the distribution of tones
within the foot, shown in (65).

(65)  Distribution of Mandarin tones within the foot

Ft
—
Oup Ou
T, (Hlh)

T, (Hhl) T, (Hh)

T; (Hh) T, (Hh)
Ts (Lhl)
To (L)

As discussed in section 9.3.3, T, (Hlh) is the most marked tone as per (62a-c); it is invariably
borne by heavy syllables and is thereby restricted to prominent (foot-head) position in (65). At
the other end of the scale in (64), T3 (Lhl) and Ty (L), as the only low register tones in Mandarin,
are the least marked as per (62a). Consequently, they are always carried by light syllables and
can only occur in non-prominent (non-head) position in (65). Tones in the middle of the scale in
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(64), T, and T4, high register tones without contour or with unmarked contour, are only
moderately marked; they can freely occur in both head and non-head positions with their tonal
profile intact, although their weight varies accordingly.*®

10.2. Head-dependent asymmetries. With this background in mind, we turn now to
address why a process like T, sandhi — which simplifies complex tones in non-head position —
only targets T,; in particular, why does T4 not similarly undergo simplification? Our explanation
for the restriction of tonal simplification to T, appeals to the theory of prosodic licensing. In this
theory, an asymmetrical relationship holds between heads and dependents. Prosodic heads
support more complex structures than non-heads (Harris 1997); and the dependent in any
constituent cannot be more complex than its head (Dresher & van der Hulst 1998). We refer to
this as the prosodic licensing principle; see (66).

(66)  Prosodic licensing principle
a. Prosodic heads support more complex structures than non-heads (Harris 1997)
b. Dependents cannot be more complex than their heads (Dresher & van der Hulst 1998)

In (66), the complexity we have in mind is tonal complexity (markedness), as per (64).
Taken together, (66) rules out cases where the dependent has a more marked tone than its head;
and while (66) prefers a head to have a more marked tonal profile than its dependent, it does not
preclude cases where head and dependent carry tones of equal complexity, as long as the tones
involved are those that can appear in both head and dependent position as per (65). In view of
this, let us consider the experimental results. We limit the discussion to the high register tones,
T, (Hlh), T4 (Hhl) and T, (Hh).

Since T, is the most marked tone in Mandarin, it can only be carried by heavy syllables,
as we have seen. Accordingly, when it appears in foot-dependent position, as in medial position
after a heavy syllable (T; (Hh), T4 (Hhl) or T, (Hlh)) in left-branching constructions, it must
shorten and T, sandhi thereby applies: the marked contour of T, is simplified: it changes from
rising to level.

We turn now to the critical cases, initial H register tones followed by T; (Hh) or T4 (Hhl)
in medial position in left-branching constructions. Why does tone sandhi not apply in these cases?
When we introduced T, sandhi in section 2, we mentioned that Mandarin has four tone sandhi
processes: Ty sandhi, T3 sandhi, yi-bu-gi-ba sandhi and T, sandhi (Chao 1968). We will argue in
section 11.2 that, in addition to T, sandhi, the three other sandhi processes are also triggered by
stress. As will be seen, yi-bu-qi-ba sandhi affects a subset of morphemes bearing T; and T4 but
what is absent from Mandarin are tone sandhi processes applying to T, and T4 more generally.
This suggests that these tones, T, (Hh) and T4 (Hhl), can appear in both head and dependent
position with their tonal profiles intact. This is indeed the case.

Let us examine this more concretely. When the initial tone is T, (Hlh) and the medial
tone is T; (Hh) or T4 (hl), no problem arises. T is more complex, as per (64), and can thus be
followed by any tone of lesser complexity, including T; and T4, as all of these tones can be
carried by light syllables. T, could also be followed by T,, without violating (66); however, this
tone is restricted to heavy syllables, as we have seen, and thus T, sandhi must apply independent
of (66).

When both the initial and medial tones are T; and/or T4, (66) is similarly not violated, as
these tones are of equal complexity. As long as T; and T4 can be borne by both heavy and light
syllables, as we have proposed, then they are correctly predicted not to undergo sandhi when in
medial position.

In short, (66) does not rule out tones of equal tonal complexity in head and dependent
positions in the foot, as long as these tones respect the weight constraints of the Mandarin foot.
Consequently, processes like T, sandhi are not inadvertently predicted to target tonal profiles
other than T»,.
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11. Relationship between stress and tone in Mandarin.

Thus far, this paper has focused on the prosodic factors underlying T, sandhi. In this final section,
we examine the broader relationship that holds between stress and tone in Mandarin and, we
conjecture, in contour tone languages more generally. In section 11.1, we propose that a relation
holds between high register and prominence (stress) and between low register and non-
prominence (absence of stress). A relation also exists between rising contour and prominence,
and between level tone and non-prominence. In section 11.2, we argue that it is stress that
regulates the realization of tone. We propose that Mandarin sandhi processes are all triggered by
stress: prominent position makes tone high and rise; non-prominent position makes tone level.

11.1. Static relations between stress and tone. The static relations that hold between
stress and tone in Mandarin can be discerned from the markedness scale in (64) above. Since
Mandarin is a contour tone language, the relations that hold are of two types: there is a relation
between stress and register; and there is a relation between stress and contour.

Concerning the relation between stress and register, all high register tones, T, (Hh), T
(HIh) and T4 (Hhl), both level and contour, can occur in prosodic head position. By contrast, low
register tones, both level Ty (L) and contour T3 (Lhl), can only occur in non-head position. There
is thus a relation between low register and non-prominent position and between high register and
prominent position, consistent with what is observed in register tone languages: high tone is
correlated with prominence (Liberman 1975, Selkirk 1984, 1995, Goldsmith 1987) and low tone
with non-prominence (de Lacy 1999, 2002, 2007).

As far as the relation between stress and contour is concerned, rising tone (T2) only
occurs in prosodic head position. When a rising tone occurs in non-prominent position, it
becomes a level tone (as in T, sandhi). This indicates that there is a relation between rising
contour and prominent position and between level tone and non-prominent position.

11.2. Dynamic relations between stress and tone. The markedness scale in (64) pairs tone
with weight (and thus stress) in Mandarin. However, it tells us nothing about how tone and stress
interact with each other dynamically. In the following sections, we address this question.

Meredith (1990) proposes that Mandarin stress is determined solely by tone. Chang (1992)
partly adopts this proposal and suggests further that Ty attracts stress while Ts repels it. However,
neither researcher provides sufficient evidence to support the proposal, thus leaving open the
question as to why it is tone that determines stress rather than stress that determines the
realization of tone.

In this paper, we take the opposite position to that of Meredith and Chang: we argue that
it is stress that determines the realization of tone. The evidence comes from tone sandhi, not just
from T, sandhi but from all of the tone sandhi processes in Mandarin. Prominent position makes
tone high and rise and non-prominent position makes tone level.

Recall that there are four tone sandhi processes in Mandarin: T sandhi, T5 sandhi and
yi-bu-gi-ba sandhi, in addition to T, sandhi. As far as T, sandhi is concerned, we have shown
that whenever T, (Hlh) syllables are unstressed, the rising contour becomes level. As all
researchers who factor prosodic considerations into their analysis agree that this sandhi process
is triggered by stress, nothing further needs to be added here. We briefly consider T, sandhi
before turning to examine T; sandhi and yi-bu-gi-ba sandhi.

11.2.1. Ty sandhi. Recall from section 6 that we specify Ty (L) for register only, that is, as
lacking tonal features. This is because we regard Ty sandhi as a process where T, syllables,
which are always unstressed, acquire their tone from the adjacent head. T, always surfaces as a
mid or low level tone, as expected if there is a relation between level tone and non-prominent
position. (67) shows that if the rightmost tonal feature from the foot head spreads onto Ty, the
correct results obtain: [tsi,] surfaces as mid (Lh) in (67a) and as low (LI) in (67Db).
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(67) Ty sandhi

a. (hwuuz tsio)pt ‘beard’ b. (‘tony tSio)F¢ ‘stool’
t t
/\ /\ N N
C C L H C /C L
/\ AN
1 h h 1

11.2.2. T; sandhi. We turn now to examine T; sandhi and, following this, yi-bu-qi-ba
sandhi in greater detail. We argue that in both cases, stress is the trigger: in prominent position,
tones become high and rising.

As alluded to in section 8.1, in T3 sandhi, T; (Lhl) becomes T, (Hlh) when it occurs
before another T3 (Lhl). Yip (2002:180-181) regards Ts sandhi as OCP-driven dissimilation.
However, OCP effects are usually observed when marked features are adjacent and T; falls near
the unmarked end of the markedness scale for Mandarin (section 10.1). Dell (2004) proposes that
T3 sandhi is likely induced by stress; he suggests that T; sandhi is a process of neutralization in
which the first Ts neutralizes with T, (Hlh) when unstressed. (Dell (2004) considers Mandarin to
have a right-prominent rhythmic structure.) This, however, raises a new question as to why T;
(Lhl) would change from a less marked to a more ‘marked tone when lacking stress.

In this section, we provide evidence that T3 sandhi is indeed induced by stress, but recall
that in our view, Mandarin builds trochees with main stress left-aligned with the PWd, in
contrast to the position taken by Dell (2004). The first piece of evidence that T3 sandhi is induced
by stress comes from the examples provided by Cheng (1968), reproduced in (68).

(68) a. haojprofessor  ‘good professor’
Lhl — Hlh
b. hao; 'student ‘good student’

Lhl

As can be seen, T3 sandhi applies in (68a) when the syllable under focus is followed by an
unstressed syllable, but it does not apply in (68b) when the following syllable is stressed. Since
the examples contain loanwords from English and high pitch is one of the main cues for English
stress, Cheng (1968) suggests that it may be more accurate to regard T3 sandhi as being triggered
by low pitch. However, as was pointed out in section 11.1, low pitch is usually linked to
prosodically non-prominent position. If T5 sandhi is triggered by a following low pitch, the T
syllable which undergoes this sandhi process must occur in a prominent position. In other words,
Ts (Lhl) becomes T, (Hlh) when it is stressed.

The second piece of evidence that T3 sandhi is stress-induced comes from the application
of this sandhi process in larger domains. Cheng (1973) and Shih (1997) observe that the sentence
in (69) consisting of a sequence of five T; syllables has more than one reading. (This sentence
contains three words: Laos Lis, mais, haos jius.)

(69)  Underlying
Laos Li; mai; haos jius ‘Old Li buys good wine’
Old Li buy good wine
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Attested outputs

a. Lao, Lis maiz haos ]1113
b. Lao, Li, mai; hao, ]1113
c. Lao,Lis mai; hao, jiuj
d. Lao,Li; mai; hao, jiuj

Shih (1997: 85) mentions that the last reading, output (69d), is the least favoured and is
sometimes rejected outright by speakers. This is expected under a stress-based account of Ts
sandhi: it is highly unlikely that all of the (non-final) syllables in a sentence would be equally
stressed (i.e., bearing T,) in normal speech. On our account, this violates *CLASH.

As far as output (69b) (as well as (69d)) is concerned, where the second syllable Li;
undergoes T3 sandhi, this will never apply according to the intuitions of the first author because
Li, and Li; are different family names. If T5 sandhi were to apply, misunderstanding would arise.
This leaves outputs (69a) and (69¢) as the most natural readings. Nothing particular needs to say
about (69a): the initial syllables of the two multimorphemic words undergo T; sandhi as
expected. For output (69c¢), the third syllable mai; undergoes T sandhi because it is under focus
and, thus, must bear stress.

It is not surprising that Ts (Lhl) becomes rising when under stress. Recall from (64) that
the syllables bearing T3 are light. In order for them to occur in prosodic head position, they must
become heavy. However T3 (Lhl) cannot be lengthened without changing the pitch contour. This
is because T3, as Lhl, has reached the lowest point in the available pitch range. When longer
duration is available for this syllable, its pitch can therefore only rise. Accordingly, T3 (Lhl)
becomes T, (Hlh) when stressed phrase-internally. In phrase-final position, where even longer
duration is available, it becomes Lhlh, as mentioned earlier.

11.2.3. Yi-bu-qi-ba sandhi. Yi—bu-qi—ba sandhi refers to the tonal change that the
morphemes /jiiy/ ‘one’, /puuy/ ‘not’, /t¢"iiy/ ‘seven’ and /paa,/ ‘eight’ under rgo when followed by
another morpheme bearlng T4 (th) as shown by the following examples.”” As can be seen, no
matter whether the targeted syllable is underlyingly T; (Hh) or T4 (Hhl), it becomes T, (th)
when occurring in word-initial (stressed) position.

ih
(it " angmi]

(70) a. fjiig, pjhanﬂhl/ — ‘one + CLASSIFIER
b. /puupm te™yym/  —  [puumm t6""yynm] ‘not go’
c. /t¢ iign k¥ ¥/ —  [te tigm k¥y¥umn] ‘seven + CLASSIFIER’

d. /paay, m'angy/ —  [paapy m'angyy] eight + CLASSIFIER’

Chang (1992) suggests that yi-bu-qi-ba sandhi is likely induced by stress. However, she
follows Meredith (1990) in regarding T4 (Hhl) as the most prominent tone in Mandarin. Her
account thus fails to explain why this tone becomes less prominent (T;) when it occurs in
stressed position.

Under the prosodic licensing account of T, sandhi presented here, this problem can be
straightforwardly resolved. Recall from (64) that T, (Hlh) is the only tone that is more marked
than T4 (Hhl) and T, (Hh). Accordingly, in yi-bu-gi-ba sandhi, when both T, and T4 are targeted
to undergo change when stressed, T, (Hlh) is the only possible output. Note that yi-bu-qgi-ba
sandhi is different from T; sandhi, as in the latter, the initial light syllable becomes heavy when
stressed. In yi-bu-gi-ba sandhi, by contrast, the initial syllable is already heavy; thus, in this
sandhi process, the head is only made more prominent (more marked), as per (66a).

In sum, we have proposed that all tone sandhi processes in Mandarin are triggered by
stress. In T, sandhi, non-prominent position makes rising contours become level, while in Ts
sandhi and yi-bu-gi-ba sandhi, prominent position makes tone (either level or contour) become
high and rising. In Ty sandhi, T, surfaces as a level tone through assimilation from both level and
contour tones in head position, which is as expected if there is a relation between level tone and
non-prominent position. We contend that the only possible explanation for all of these patterns is
that (absence of) stress determines the realization of tone.
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12. Concluding remarks.

The goal of this paper was to examine the relationship between tone and stress in contour tone
languages. Mandarin T, sandhi was focused on because there is uniform agreement that it is
triggered by stress and because T, (Hlh) is a contour tone. To disambiguate the factors involved
in this sandhi process, an experiment was performed. Although only three subjects were tested,
the results were relatively uniform, suggesting that the generalizations found may hold quite
widely.

As far as foot shape is concerned, we argued that Mandarin builds uneven trochees. We
suggested that the different prosodic structures that disyllabic words have, combined with a
phrase-final lengthening effect, are responsible for the divergent proposals in the literature
concerning word-level stress. On our view, word level stress always falls on the leftmost heavy
syllable.

Stemming from the experimental results and constraints on Mandarin prosodic structure,
we showed that in T, sandhi, a rising tone becomes level whenever the syllable bearing this tone
loses stress. We proposed that T,, as the most marked tone in Mandarin, can only be licensed in
head position. The prosodic licensing account of T, sandhi further explained why only T, (Hlh)
and not T4 (Hhl), another high register contour tone, undergoes sandhi when it occurs in non-
prominent position.

Based on the distribution of Mandarin tones within the foot, we suggested that there is a
relation between high register and prominence, between low register and non-prominence,
between rising contour and prominence, and between level tone and non-prominence in contour
tone languages. Although the relation found between register and prominence is consistent with
what has been observed for register tone languages, we extended the proposal to contour as well.

The relations between register and prominence and between contour and prominence are
static relations that hold between tone and stress. In discussing the dynamic interactions that hold,
we argued that it is stress which determines the realization of tone. Prominent positions make
tone high and rising, as in Mandarin T sandhi and yi-bu-gi-ba sandhi; non-prominent positions
make tone level, as in T, sandhi.

The proposal we have put forward is, of course, based on results from a single contour
tone language only. Clearly, a range of languages must be examined in future work in order to
validate the broader findings of both the static and dynamic relations that hold between
prominence and tone.
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Endnotes

' The descriptions in the text originally come from Chao (1968:25-26). Note though that Chao

treats T as non-contrastive, as derived from other tones when unstressed; this is also the position
of Yip (1980).

Chen and Duanmu adopt Chao’s observations but amend his proposal by including the
additional trigger of stress.

A further issue concerns whether the process involves assimilation (Chen 2000, Duanmu
2007) or neutralization (Chang 1992). We discuss this very briefly in section 5.2.2.

* Wu controlled for hierarchical structure; Dreher et al. did not. In neither study was the
segmental profile of the medial syllable controlled; nor were the speakers controlled for dialect
and speech rate, as well as register in the case of Wu.

Note, though, that all stressed syllables must be heavy in Mandarin and so monophthongs in
stressed open syllables are realized as long (Lin et al. 1984, Yan & Lin 1988).

We did not select participants from Beijing because the inhabitants of this city are
increasingly heterogeneous due to the large number of migrants who have moved there from
other parts of China. This may, of course, have an effect on the dialects spoken in this city and
thus on the application of T, sandhi.

Subjects were asked to control their speech rates by themselves. As will be discussed in
section 5.2.1, only stimuli that fell within a fixed range for duration were compared in the
analysis.

Speaker 3’s fast speech is only taken into consideration for stimuli which were produced with
similar duration to those produced by the other two speakers. Most of her trisyllabic
constructions in fast speech had a duration of less than 500ms. In all of these cases, the medial T»,
regardless of factor, underwent tone sandhi. Some of the affected syllables were realized with a
level pitch and others with a falling pitch, consistent with Wu (1984).

Although the rising contour of T, cannot be licensed in unstressed syllables in medial

position, at the same time, all syllables must bear some tone to be well-formed: we thus assume
that the neutralized T, syllable acquires the rightmost tonal feature from the preceding vowel,
yielding a level tone. In the interest of space, we do not provide a fully fleshed out analysis of the
sandhi form of T,; nevertheless, it should be evident from the brief sketch here that we assume
an account involving both neutralization and assimilation. Neutralization alone has been
proposed by Chang (1992) and assimilation alone by Chen (2000) and Duanmu (2007). Both
tXpes of approaches, however, face empirical challenges.
""" Of course, one must be cautious in drawing conclusions about which pattern, presence or
absence of sandhl is preferred based on data from only two out of three speakers. We will see
later, however, that the analysis does indeed predict as optimal the patterns displayed by the two
speakers in each of the cases of variation.

T; carried by a long vowel is realized as low dipping, while Ts carried by a short vowel is
low falling (see further section 7).

> Note that the vowels in the initial syllables in (8b) (for Speakers 2 and 3) and (8c-d) are
shortened, although we have only transcribed this for the monophthong in (8d); shortening is
discussed further in sections 8.2.2 and 9.2.2.

In utterance-final position and before Ty (L), T3 (Lhl) is realized as Lhlh which we regard as
heavy (see further notes 16 and 17 and section 11.2.2).

* Duanmu's dual trochee permits feet to be complex at both syllabic and moraic levels. In
effect, it yields feet that are either HH or HL in shape.

Even though T, and T4 can be light, they are not included in (33) since they can also appear
as heavy with the same tonal profile, as is evident from (31).

The two-way (heavy vs. light) split in (31) may be too coarse. It may well be the case that T
syllables are moraless, in contrast to the other light syllables in Mandarin that are monomoraic.
This would account for their inability to be augmented when in initial position in
o, oy disyllabic constructions. In addition, the Lhlh allotone of T3 may actually be trimoraic. As
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mentioned in note 13, this allotone only occurs before Ty and utterance-finally. If T, is moraless,
then disyllabic constructions composed of T3 (as Lhlh) + Ty would be trimoraic paralleling the
number of moras found in uneven trochees. That is, although somewhat unorthodox, Mandarin
would strive to build feet with three moras. Related to this, note that T3 does not surface as Lhlh
before another T3 (Lhl) which would yield the illicit foot *(o, 6,)r: under this analysis. Instead,
it changes into bimoraic T,

To our knowledge, clash is never tolerated in Mandarin (except in emphatic speech; see e.g.
(69¢) below). Adjacent stresses are ruled out within PWds (as in (39b)), across PWds in
compounds (as in (35b)) and across PWds in phrases (as in (43b)).

The vowels in left-edge adjuncts in Mandarin must be short, whether they are licensed by the

PWd, as in (40b), or by the PPh, as in (43a) below. This is because domain-initial syllables that
are heavy must be stressed in Mandarin,
1 In addition to Ty, T, and T4, the final syllable can also bear T; which surfaces as Lhlh when
heavy (see note 13), for example: /k” L an t§haa2 s¥03/ — [k“an; ts"a; s“ooryn] ‘Observation
Office’ (S2 & S3). Compare [k"an; t§ aay s orn] (S1) where T; surfaces as light, Lhl, and T,
sandhi does not apply.

Counter to expectation, T, sandhi is not attested when the medial T, is surrounded by two T4
syllables. We address this case of under-application in section 9.3.1.

In the interest of clarity, we have provided two-step structures for the trisyllabic
constructions in sections 9.2.1 and 9.2.2. The appropriate structures can also be arrived at non-
derivationally, as was shown earlier in sections 8.2.1 and 8.2.2.

Other muscles are also involved in pitch lowering; see Hirose (1997) for details.

This scale will be revised slightly in section 11.1.

We must consider why the OCP is operative only in [0; [02 02]] in Speaker 1’s productions,
and not in [03 [0, 02]] and [04 [02 02]]. We reason that this is due to the tonal profiles of T; (Lhl)
and T4 (Hhl). The end point for both tones is low which is the starting point for T, (Hlh); it
should thus be relatively easy for speakers to maintain the contour required for T, in this context,
in spite of the OCP violation that results. T}, by contrast, is Hh; it should be harder to produce
the rising pitch required for T, following T}, especially in fast speech.

Note that there is no over-application of T, sandhi in right-branching constructions with the
following tonal profiles: [ [02 o3]] and [o1 [02 ©4]]. This is presumably because, in the
examples in our experiment, the medial vowel in these constructions was [aa].

We exclude from discussion constructions with initial T3 (Lhl): recall that they never display
T, sandhi.

27 Recall from note 16 that we have suggested that T may be moraless. Once this issue has
been examined more systematically, it may be that (64) must be revised to reflect this.

* T, (Hhl) isn’t phonetically realized in exactly the same manner in head and dependent
position. Not surprisingly, the contour is less steep in foot-dependent position, but the contour is
nevertheless still present, unlike in the case of T,.

The morpheme /jiil/ ‘one’ is realized as T4 (Hhl) when occurring before morphemes bearing
tones other than T4 (Hhl).



