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ABSTRACT

As observed in different subfields of psychology, the relationship between knowledge and
performance is rather remote. Similarly, in linguistics, there is no guarantee about the
correspondence between phonetic measurements and phonological representations. There are
multiple interacting sources that affect speech production, e.g. lexical knowledge, phonological
knowledge, memory and processing constraints, etc. Consequently, phonetic manifestations
cannot automatically or solely be used as a diagnostic of any phonological representations.
However, in previous literature, the strict correspondence between phonetic distributions and
phonological representations is often explicitly or implicitly assumed. In this dissertation, | will
argue using data from Huai'an Mandarin that non-linguistic performance factors can have
significant influence on phonetic manifestations in unexpected directions. To be more specific, |
will present production data from Huai’an Mandarin to make three points. First, I will show a case
of phonologically complete neutralization that results in phonetically incompleteness with a large
effect size. Second, | will show a case of phonetically complete neutralization that results in
phonological behavioral differences. Third, I will show a case where optional phonological
processes lead to more phonetic incompleteness.

For the first point, I will show in Huai'an Mandarin that derived Tone 3s from Tone 1 or Tone
4 sandhis are phonetically very different from underlying Tone 3 that did not undergo any
phonological processes. The Tone 3 category of derived Tone 3 is established by the previous
description that only Tone 3 can trigger Tone 3 sandhi in Huai'an Mandarin. Since both derived
Tone 3 from Tone 1/Tone 4 sandhis and underlying Tone 3 can trigger Tone 3 sandhi, derived
Tone 3 should be phonologically identical with underlying Tone 3. For the second point, | will use

evidence also from Huai'an Mandarin arguing that two Tone 3s derived at the lexical and the post-



lexical levels have different phonological behaviors despite that they are arguably phonetically
identical. The phonological behavior difference in this case is indicated by different rates of the
two derived Tone 3s triggering another Tone 3 process. Despite being arguably phonologically
different, the described derived Tone 3s are indistinguishable in all major phonetic cues including
fO, duration and intensity. For the third point, I will show in Huai‘an Mandarin that only optional
phonological processes (Tone 1/Tone 4 sandhis) can have incomplete phonetic neutralization with
a rather large effect size, while mandatory phonological process (Tone 3 sandhi) in the same
language can only have incomplete neutralization with a very small effect size.

Overall, data from Huai'an Mandarin provide strong evidence for the gap between phonetic
measurements and phonological representations. And phonetic measurements can only inform of

phonological knowledge when accompanied by other evidence under certain circumstances.
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CHAPTER 1 INTRODUCTION AND OVERVIEW!

1.1 The gap between phonetic measurements and phonological representations

As has long been recognized in discussions of linguistic competence as abstract knowledge,
there are multiple potential interacting factors in performance (Chomsky, 1964, 1965; Schutze,
1996; Valian, 1982; inter alia). Similarly, there are also multiple interacting sources that affect
speech production, e.g. lexical knowledge, phonological knowledge, memory and processing
constraints, etc. (Warner et al., 2004; Whalen, 1991, 1992; Wright, 2004). For example, Whalen
(1991, 1992) showed that less frequent words generally have longer duration by comparing high-
frequency and low-frequency homophones. Overall, phonetic manifestations cannot automatically
or solely be used as a diagnostic of any phonological representations. |1 will argue in this
dissertation using data from Huai'an Mandarin that performance factors can have significant
influence on phonetic manifestations in unexpected directions. | also argue in this dissertation that
the ultimately reliable way to probe phonological knowledge is through phonological behavior. To
be more accurate, here '‘phonological behavior' should mean systematic behavior that depends on
an abstract characterization of structural context, and such behavior can’t be simply reduced to
known sources of co-articulation or other performance factors (Durvasula, personal
communication). The meaning of 'phonological behavior' will be consistent throughout this
dissertation,

As an obvious and convenient way to probe phonological knowledge, phonetic measurements
have been widely employed to test linguistic theories. By allowing such methodology to falsify or

verify any parts of existing theories, theoretical frameworks often assume strict correspondence

L Part of this chapter comes from my collaborative work with Karthik Durvasula, see reference (Du & Durvasula,
accepted).



between phonological representations and phonetic distributions. Such an assumption can be

formalized as two statements in (1):

(1) Two statements about the strict correspondence between phonological representations
and phonetic patterns
Statement 1: Phonologically identical surface forms necessarily correspond with
identical phonetic distributions.
Statement 2: Phonologically different surface forms necessarily correspond with

different phonetic distributions.

Although the two statements have been supported by a large amount of data in natural
languages, they may not always be true given potential counterevidence. The evidence that can
undermine Statement 1 is obviously that phonologically identical surface forms can correspond
with different phonetic distributions. And the evidence that can undermine Statement 2 is
obviously that phonologically different surface forms can correspond with identical phonetic
distributions. Both kinds of evidence have been argued to exist.

Statement 1 has been repeatedly challenged by previous experimental studies trying to test
traditional formal phonology (Labov et al., 1972; Pierrehumbert, 2002; Port & O’Dell, 1985; inter
alia), which is a theoretical framework that assumes strict correspondence between phonological
representations and phonetic distributions. Under such a framework, both categorical phonological
representation and a certain version of a modular feed-forward model are assumed (Braver, 2019;
Goldrick & Blumstein, 2006; McCollum, 2019; Port & Leary, 2005; Manaster Ramer, 1996;

Roettger et al., 2014). Therefore, the phonological representations are discrete elements that do



not contain any gradient phonetic information, and phonetics only has access to the output of
phonology (Kenstowicz, 1994; Pierrehumbert, 2002). This theoretical view is referred by Du and
Durvasula (accepted) as the Standard generative view of Phonology. | will use this term to refer to
this theoretical framework throughout the dissertation.? To give an example, according to Standard
generative view of Phonology, phonological neutralization process will result in a complete
categorical change. This means, under appropriate contexts, a phonological neutralization process
will result in phonologically different underlying forms becoming phonologically identical in the
surface. Also, under the Standard generative view of Phonology, the underlying phonological
difference should not have any consequences on phonetic manifestations. However, in cases of
Incomplete Neutralization (Port & O’Dell, 1985) and Near Merger (Labov et al., 1972), there are
traces of the underlying representation in the phonetic manifestation, and putatively
phonologically identical surface forms have been argued to correspond with different phonetic
distributions. This situation obviously undermines Statement 1. And as commented by
Pierrehumbert (2002), Standard generative view of Phonology is oversimplified and some
performance factors are completely ignored. |1 will propose in Section 4.1.3 that Incomplete
Neutralization is caused by a performance factor, namely phonological planning effect.
Statement 2, in contrast, is rarely challenged. One noticeable previous challenge comes from
Hyman (1975). He presents a putative case from Sea Dayak (data from Scott 1957, 1964) where
the existence or absence of /g/ in phonologically underlying representations does not lead to any

differences in the phonetics. However, Hyman did not show any phonetic or phonological evidence

2 While this conception of phonology is relatively standard according to Du and Durvasula (accepted), it is actually
quite different from what Du and Durvasula refers to as Classic generative view of Phonology. Under Classic
generative view of Phonology, although a certain version of modular feedforward model is still assumed, phonology
is seen as knowledge and linguistic performance is a multi-factorial problem. I return to this issue at the end of this
subsection and also in the Chapter 6, where | point out that the latter notion has no trouble in accounting for facts
related to incomplete neutralization.



for phonetic identity or phonological inequality. Overall, to the best of my knowledge, there are
no previous careful experimental studies that attempts to undermine Statement 2. Statement 2 leads
to a deduction that phonetically identical forms necessarily correspond with identical surface forms
in the phonology, all else being equal. Under any theoretical framework that assumes strict
correspondence between phonetic measurements and phonological representations, a finding that
can obviously undermine this deduction and Statement 2 will be that two phonetically identical
entities can have different phonological behaviors. In this dissertation, 1 will present an empirical
case from Huai'an Mandarin arguing that two described Tone 3s that are arguably phonetically
identical can have different phonological behaviors with regard to the ability of triggering tone
sandhi processes.

Overall 1 will argue that the two statements are both doubtworthy. Therefore theoretical
frameworks that assume the strict correspondence between phonological representations and
phonetic patterns are also similarly doubtworthy. In contrast, the gap between linguistic
competence (which contains phonological knowledge) and performance (which includes phonetic
measurements) is well recognized in what Du and Durvasula (accepted) call the Classic generative
view of Phonology, where phonology is seen as knowledge (Chomsky, 1965; Chomsky & Halle,
1965, 1968; inter alia). As per this view, linguistic performance is a multi-factorial problem, and
linguistic knowledge (i.e., competence) is only one of the many factors involved (Chomsky, 1964,
1965; Schitze, 1996; Valian, 1982; Warner et al., 2004; inter alia).® Moreover, the Classic
generative view of Phonology still assumes categorical phonological representation. And since

Classic generative view of Phonology, like Standard generative view of Phonology, does not allow

3 1 am not aware of any explicit argumentation that has ever been put forward in support of the Standard generative
view of Phonology over the Classic generative view of Phonology. So, | am at a loss as to precisely when and, more
importantly, why this change in viewpoints occurred. Here, | simply note the discrepancy.
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gradience in phonology, it is much simpler than theories that attempt to introduce gradience into
the phonology. The distinction between the Standard generative view of Phonology and the Classic
generative view of Phonology are illustrated in Figure 1. In this dissertation, | will show that
previous examined cases of Incomplete Neutralization and Near Merger and the Huai'an data |
present can also find a simple and satisfying explanation under the Classic generative view of

Phonology, and there is no need to appeal to more complicated theoretical models.

Standard generative view of Phonology Classic generative view of Phonology
Underlying Representation Underlying Representation
Other
l l Performance Factors
Surface Representation Surface Representation
Phonetics Phonetics

Figure 1: The distinction between Standard generative view of Phonology and Classic generative

view of Phonology

1.2 Phonologically identical forms can have different phonetic distributions
1.2.1 Incomplete neutralization

The phenomenon of incomplete neutralization describes a situation where phonological
identical surface forms can have different phonetic distributions, i.e., when underlying
phonological contrast is collapsed due to phonological processes, the resulting phonological

category can have a different phonetic distribution for each underlying representation.



The research on incomplete neutralization itself has a long history since at least the mid-1980s
with empirical evidence from a variety of languages including Catalan (Dinnsen & Charles-Luce,
1984), Dutch (Ernestus & Baayen, 2006; Warner et al., 2004), Japanese (Braver & Kawahara,
2016), Polish (Slowiaczek & Dinnsen, 1985; Slowiaczek & Szymanska, 1989) and Russian
(Dmitrieva, 2005; Kharlamov, 2012; Matsui, 2015). For example, in German it has been described
that the phonological voicing contrast for obstruents is neutralized at the right edge of a prosodic
word (Wagner, 2002). A rule-based mapping of the relevant phonological process is stated in (2).
A real-world example can be that both underlying /alb/ (meaning: elf) and underlying /alp/
(meaning: mountain pasture) become /alp/ in the surface. However, careful phonetic and
perceptual experimentation has shown that the neutralization is incomplete phonetically (Port &
O’Dell, 1985; Roettger et al., 2014; inter alia). In other words, underlying voiceless stops, derived
voiceless stops and underlying voiced stops all have different phonetic distributions. To be
succinct, here | use 'underlying voiceless stop' to mean surface voiceless stops that map from
underlying voiceless stops, ‘derived voiceless stop' to mean surface voiceless stops that map from
underlying voiced stops, and 'underlying voiced stops' to mean surface voiced stops that map from
underlying voiced stops. | will use the terms 'underlying' and 'derived’ in the same fashion to

describe stops and tones for the rest of the paper.

(2) [- sonorant] --> [-voice]/ _ o

Note: 'o' means prosodic word.

The observed phenomenon of incomplete neutralization has been argued by many researchers

to pose a challenge to the Standard generative view of Phonology. In such a phenomenon, the



phonetic distributions seems not be decided wholly by the output of phonology. Therefore, strict
correspondence between phonological representations and phonetic distributions that is assumed
in Standard generative view of Phonology is doubtful. In contrast, the observed phenomenon of
incomplete neutralization is perfectly compatible with Classic generative view of Phonology,
where linguistic performance is viewed as a multi-factorial problem (Chomsky, 1964, 1965;
Schiitze, 1996; Valian, 1982; Warner et al., 2004, inter alia). Any performance factor other than

phonological knowledge can result in incomplete neutralization in the phonetics.

1.2.2 Near merger

Similar to incomplete neutralization, the phenomenon of near merger describes an empirical
situation where phonological identical surface forms can have different phonetic distributions.
According to the definition of Yu (2007, 2011), near merger describes the situation where speakers
consistently report that two classes of sounds are ‘the same’, yet consistently differentiate them in
production at better than chance level. For example, some English speakers in New York produce
<source>* and <sauce> in a systematic different fashion but cannot distinguish them in perception
(Labov et al., 1972). Therefore, in both cases of incomplete neutralization and near merger,
speakers manage to maintain a systematic difference in the phonetics when they consistently fail
to identify the distinction at the conscious or near-conscious level.

For Yu (2007, 2011), both incomplete neutralization and near merger results in a collapse in
phonological contrast. However, Labov (1975) hypothesized that a near merger only brings two
phonemes into a very close approximation. According to Labov, the phonemic difference is still

maintained in the surface while semantic contrasts between them are suspended for native speakers

4 In this subsection, | present these forms in English spellings using angle brackets '<...>".
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of the dialect. The phonemic difference then naturally explains for the systematic difference in
production. ® For this dissertation, | assume Yu's (2007, 2011) view that both incomplete
neutralization and near merger results in identical surface forms in the phonology. We don't need
to rely on the surface phonemic difference in Labov's hypothesis to provide an explanation for the
systematic different distributions in the phonetics. Similar with incomplete neutralization, near
merger is also expected by Classic generative view of Phonology. Performance factors outside
phonological knowledge can potentially explain the difference in the phonetics.

The main difference between incomplete neutralization and near merger lies in the fact that the
same surface phonological category in incomplete neutralization comes from synchronic
phonological processes while the same phonological category in near merger is a result of
diachronic sound change. Another noticeable difference, as described by Yu (2007), is that near
mergers are found among lexical items or morphemes and does not rely on any phonological
contexts.® In contrast, incomplete neutralization is a result of phonological processes and usually
appears in certain phonological contexts.

Previous empirical evidence of near merger mainly comes from English. Famous examples
include <fool> and <full> in Albuquerque (Di Paolo, 1988); <too> vs. <toe> and <beer> vs. <bear>
in Norwich (Trudgill, 1974); <line> vs. <loin> in Essex (Labov, 1971; Nunberg, 1980); <meat>
vs. <mate> in Belfast (Milroy & Harris, 1980; Harris, 1985). More recently, Yu (2007) presented

experimental evidence that Cantonese Pinjam results in a near merger. In Cantonese, Pinjam

5> Under Labov's explanation, it is not clear how a phonemic difference can still be maintained when two phonemes
are so close to each other. Labov also did not provide convincing phonological evidence that the phonemic
difference still exists in cases of Near Merger.

81t is worth noting that some synchronic phonological processes also do not rely on phonological contexts. These
cases include low vowel harmony in Okpe (Pulleyblank, 1986) and neutralization of nasalized vowels in Kpelle
(Hyman, 1975). The authors claimed full neutralization in the phonetics in the original papers but they did not offer
any experimental evidence. Therefore, the possibility cannot be ruled out that these synchronic phonological processes
that do not rely on phonological contexts can result in incomplete phonetic neutralization. Future experimental studies
on these languages are needed to discern.



describes a diachronic tonal change which is correlated with semantic change (Downer, 1959; Kam,
1977). The only case of Pinjam in Modern Cantonese is a non-high-level or a non-mid-rising tone
becoming a mid-rising tone (Yu, 2007). Such tonal change is correlated with nominalization of
verbs as shown in examples in (3) (Examples from Yu, 2007). It is described in previous literature
(Downer, 1959; Kam, 1977) that the tonal change results in a rising tone category that is
indistinguishable from the corresponding lexical tone, the minimal pair examples are shown in (4),
which are also used as stimuli in production experiment by Yu (2007). However, when measured,

the derived tone and the corresponding lexical tone have slightly different phonetic distributions.

3) a. Level tone b. Rising tone

1

tsheyll ‘to hammer tshey35 'a hammer'

sou33 'to sweep' -> sou35 ‘'abroom’
pon22 'to weigh' > pon35 ‘'ascale'
moll  'to grind’ > mo35  ‘agrind’
tan22  'to pluck’ > tan35  ‘amissile’
wa22  'to listen' > wa35  ‘an utterance'
jeull 'to grease' > jeuds ail’
liull 'to provoke' > liud5  ‘astir'

>

>

tsho1l  'to plough' tsho35  'a plough’



4) a. Lexical rising tone b. Derived rising tone

sen55 fan35 ‘opposite’ kam55 fan35 ‘prisoner’

kei55 tan35 'egg’ feib5 tan35 ‘a missile'

pow55 pin35 'to critique’ tshey21 pin35 ‘casual’

sun55 pon35 'to untie' tshun23 pon35 'heavy"

tshgn21 ken35  ‘'long neck’ nan23 ken35 'glasses’

fab55 fen35 ‘pollen’ ku35 fen35 '(stock) share'
tshet 55 pan35 'to publish’ siu35 pan35 'peddler’

tsi:22 tin35 ‘'dictionary’ t"iu21 kin35 'terms, conditions'

Overall, the phenomenon of near merger posts a challenge to the Standard generative view of
Phonology in exactly the same fashion as the phenomenon of incomplete neutralization. However,

again, the phenomenon does not pose a problem to the Classic generative view of Phonology.

1.3 Phonologically different forms can have identical phonetic distribution

As introduced in Section 1.1, little doubt is cast by previous literature on Statement 2 in (1),
which states that phonologically different surface forms necessarily correspond with different
phonetic distributions. Again Statement 2 leads to a deduction that phonetic identical forms
necessarily correspond with identical surface forms in phonology, all things being equal. However,
I will show a case in Huai'an Mandarin (Huai'an hereafter) where such a claim may not hold. The
described Tone 3s that are derived at the lexical and post-lexical levels have identical phonetic
distributions with regard to all important phonetic cues (f0, duration and intensity). Therefore, the

two derived Tone 3s are arguably identical in the phonetics. However, the two derived Tone 3s
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have different phonological behaviors with regard to the ability of triggering another tone sandhi
process, which points to phonological inequality. If both phonological inequality and phonetic
identity can be established as | will argue in this dissertation, Statement 2 will be undermined and
Huai'an case will provide strong evidence for the gap between phonological representations and
phonetic distributions from a different angle.

The difficulty of finding such cases in natural languages is obvious. It is extremely difficult to
establish phonetic identity. There are logically an infinite number of phonetic cues to be observed
for any phonological elements, and general phonetic identity between two phonological elements
requires identity in all phonetic cues.” Therefore, it is in fact logically impossible to assert phonetic
identity. In this dissertation, | argue that if two phonological entities are identical in all important
phonetic cues, phonetic identity can be established. In Mandarin languages, fO, duration and
intensity are recognized as the main phonetic cues for lexical tone. There is evidence that native
speakers of Mandarin languages rely solely on fO contour to distinguish tones (Howie, 1976;
Tupper et al., 2020), fO contour identity can arguably indicate phonetic identity. Besides FO
contour, there is experimental evidence that native speakers can make use of only intensity or only
duration to distinguish tones (Fu & Zeng, 2000; Whalen & Xu, 1992 for intensity; Blicher et al.,
1990 for duration). If two tones are identical in these three dimensions, phonetic identity could be
argued for, at least functionally speaking. I will show this is indeed the case in Huai'an in Chapter
3.

If the Huai'an case can in fact be established, this will again post a challenge to the Standard
generative view of Phonology. It is not clear why phonologically different forms can be

implemented in exactly the same fashion in the phonetics under such framework. And more

" Thanks to Karthik Durvasula for many discussions about this issue.
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importantly, it is not clear how native speakers can perceive identical phonetic signal as different
phonological representations. However the Huai'an case is also compatible with Classic generative
view of Phonology, where linguistic performance is viewed as a multi-factorial problem (Chomsky,
1964, 1965; Schiitze, 1996; Valian, 1982; Warner et al., 2004; inter alia). Performance factors can

logically bring two different phonological forms together in the phonetics.

1.4 Organization of the Dissertation

The dissertation will be organized as follows. In Chapter 2, I will explore the phenomenon of
incomplete neutralization. And | will present relevant data from Tone 1 and Tone 4 sandhi
processes in Huai’an, both of which crucially participate in feeding orders to trigger other tone
sandhi processes, to argue that phonetically incomplete neutralization can still be phonologically
complete. Therefore, phonologically identical form can have different phonetic distributions.

In Chapter 3, I will compare Tone 4 sandhi at different levels of prosodic hierarchy in Huai'an
to show that derived Tone 3s from Tone 4 sandhi at lexical and post-lexical levels are phonetically
indistinguishable. Despite the identity in phonetics, they have different phonological behaviors
with regard to the ability to trigger another tone sandhi process. Therefore, phonetically identical
form can have different phonological behaviors. And phonologically different forms does not
necessarily correspond with different phonetic distributions.

In Chapter 4, | will provide my explanations for incomplete neutralization, and more generally
why phonetically identical form can have different phonological behaviors. | will present a new
experiment in Chapter 5 to support my proposal that separate explanations are needed for
incomplete neutralization with small effect size and incomplete neutralization with large effect

size.

12



Chapter 6 will be the general discussion and Chapter 7 will be the conclusion.
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CHAPTER 2 THE PHENOMENON OF INCOMPLETE NEUTRALIZATION®

2.1 Introduction

The suspicion of the very existence of the incomplete neutralization has never ceased since
such phenomenon is first discovered, and one trivial but widely-adopted solution has been to
simply deny that such an phenomenon can be caused by grammatical knowledge (Dinnsen &
Charles-Luce, 1984; Fourakis & Iverson, 1984; Manaster Ramer, 1996; Warner et al., 2004; inter
alia). To support this claim, several criticisms have been raised against previous experimental
designs as well as the interpretation of the results. One main criticism is whether the observed
phenomenon of incomplete neutralization is due to task effects. Among these effects, the most
discussed one is orthography. It has been noticed by many researchers (Fourakis & lverson, 1984;
Manaster Ramer, 1996; inter alia) that in the seminal work of Port and O’Dell (1985), participants
were presented stimuli orthographically where minimal pairs were always in contrast. Native
speakers of German may have hypercorrected and produced unnatural speech to match the forms
of orthography. This suspicion becomes especially disturbing when Warner et al. (2004) showed
a significant production difference in words that are identical in underlying representations but
differ in orthography in Dutch.® To circumvent the interference of orthography, two methods have
been employed, namely changing the experimental paradigm and looking at languages where the
relevant phonological contrast is not reflected orthographically.

In line with changing the experimental paradigm, Fourakis and Iverson (1984) employed a

unique strategy aimed at concealing the morphological forms that native speakers of German are

8 This chapter largely comes my collaborative work with Karthik Durvasula, see reference (Du & Durvasula; accepted).
% In support of my larger point in this paper, | would like to point out that their observation in fact shows how powerful
performance (i.e., non-phonological) factors can be in accounting for phonetic manifestations.
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supposed to produce, so the influence of orthography is expected to decrease. The participants
were instead presented auditorily with the conjugated form where the contrast is maintained in
both underlying and surface representations and asked to decompose and produce the bare form
where the incomplete neutralization is expected to happen. Through this paradigm, Fourakis and
Iverson camouflaged the task as a morphological exercise to distract the participants to elicit more
natural pronunciations. Interestingly, the effect of incomplete neutralization was not observed, and
Fourakis and Iverson concluded that the previously found incomplete neutralization was actually
a task effect. Using a different strategy, Jassem and Richter (1989) asked participants to answer
questions designed to elicit the target words in Polish, and observed no evidence of incomplete
neutralization. However, by implementing the same strategy as Fourakis and Iverson (1984) and
increasing the statistical power with more speakers and more test minimal pairs, Roettger et al.
(2014) found an effect of incomplete neutralization. However, it is worth noting that, as Roettger
et al. (2014) themselves pointed out, the strategy employed by Fourakis and Iverson can incur a
potential artifact of phonetic accommodation. In the experimental paradigm, the participants hear
the conjugated form where neutralization cannot happen and the voicing contrast is present, and
have to produce the form where neutralization does happen. In such a paradigm, the observed
effect of incomplete neutralization may be due to the participants mirroring vowel duration
differences in the stimulus recordings they heard of the conjugated forms. When Roettger et al.
(2014) controlled for this confound in one of their experiments, they only found a very small, non-
significant effect (< 3 ms) in the right direction. This suggests that there might indeed be no clear
evidence for incomplete neutralization even in their well-powered study. To sum up, this general
strategy to solve the problem of orthography by changing the task performed by the participants

leads to very weak evidence (if that) for the presence of incomplete neutralization.
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A second method employed to overcome task effects related to orthography has been to use a
language where the crucial contrast is not marked in the orthography. For example, Catalan has
been claimed to be a language that has a devoicing process but does not reflect an underlying
voicing contrast orthographically under any phonological conditions, and Dinnsen and Charles-
Luce (1984) did not observe any evidence of incomplete neutralization in the devoicing process of
Catalan. However, Charles-Luce and Dinnsen (1987) later reanalyzed only a subset of their
original data, and they found incomplete neutralization in the cue of voicing into closure. One
purpose of this reanalysis was to avoid a potential unclarity with regard to underlying
representations of some stimuli. The other purpose was to avoid the potential influence from
phonological gemination, which was caused by interaction between some stimuli and carrier
sentences. Finally, it is worth noting that in Catalan, quite a few words actually maintain the
underlying voicing contrast in orthography, so the real situation is more complicated and Catalan
cannot simply be treated as a language that does not mark underlying voicing contrast in
orthography (Badia Margarit, 1962; Manaster Ramer, 1996).

In another case, Braver and Kawahara (2016) observed a putative case of incomplete
neutralization in Japanese. Most of their stimuli were presented in Chinese characters (Kaniji),
which is an orthographical system that is commonly used in Japanese but only has a very weak
connection with pronunciation.'® Although most Chinese characters were originally created by
combining a part that indicates pronunciation and a part that indicates meaning (Yang, 1995), the

connection between characters and pronunciation is largely obscured by historical sound change

101n Braver and Kawahara's experiment, 10 out of 13 sets of stimuli were presented only in Chinese characters while
the other 3 sets partially contained Kana (2 in Katakana and 1 in Hiragana). In current usage, Kana refers to two
syllabaries where each character represents a mora, which is an onset-vowel combination or a coda or the second half
of a long vowel in Japanese phonology. It is also worth noting that geminates and some long vowels are marked with
diacritics in Kana system. Braver and Kawahara observed incomplete phonetic neutralization for each set of stimuli.
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and character change (B. Huang & Liao, 2017). In Japanese, most Chinese characters are used to
represent both borrowed words from China (Sino-Japanese lexicon) and words that are originated
in Japan (Yamato lexicon) (It6 & Mester, 1999; Japan Broadcasting Corporation, 1998), and the
resulting multiple pronunciations (onyomi and kunyomi) of many Chinese characters can only
further weaken the connection between Chinese characters and pronunciations. So, it is hard to
imagine that Japanese speakers hypercorrected based on Chinese characters, and Braver and
Kawahara still appeared to observe incomplete neutralization in monomoraic prosodic word
lengthening process.

To sum up, although the case of Catalan is controversial, the case of Japanese provides good
evidence that at least in some languages, the observed incomplete neutralization is not caused by
orthographic knowledge.

Another source of criticism of incomplete neutralization is that the observed effect size is
typically quite small. As a consequence, such a small effect size has been argued to likely not be
functionally significant and therefore not in need of a grammatical explanation (Dinnsen &
Charles-Luce, 1984; Mascar6, 1987; Warner et al., 2004).1! For example, among the phonetic cues
examined by Port and O’Dell (1985), preceding vowel duration before underlying voiced stops
was only about 15 ms longer than that before underlying voiceless stops, voicing into closure of
derived voiceless stops was only 5 ms longer than that of underlying voiceless stops, and duration
of aspiration noise before underlying voiceless stops was only 15 ms longer than that of derived
voiceless stops. Similar effect sizes were also found in Polish (Jassem & Richter, 1989; Slowiaczek

& Dinnsen, 1985), Dutch (Warner et al., 2004), and two other studies on German (Piroth & Janker,

11 To be clear, as pointed in Du and Durvasula (accepted), it is not claimed that the effect size must be large for
incomplete neutralization that is caused by grammatical knowledge. It is only recognized here that it is a reasonable
concern that incomplete neutralization with a small effect size may not even be captured by grammatical knowledge
and therefore may not be able to pose any challenges to traditional formal phonology.
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2004; Roettger et al., 2014). To summarize the discussion on the criticisms on incomplete
neutralization, the debate on the existence of incomplete neutralization is still pretty much ongoing,
especially with respect to the issue of effect size.

In this dissertation, as mentioned above, | will argue, using data from Huai’an, that incomplete
phonetic neutralization can stem from phonologically complete neutralization. By using Huai’an,
| avoid the orthographic confound discussed above as the stimuli can be presented in Chinese
characters, an orthographical system that only has a weak connection with pronunciation (note,
this is similar to the Japanese case | discussed above.). Furthermore, the language allows me to
argue that effect sizes are tangential to the issue of phonological neutralization. Anticipating the
results, I will show that despite there being a rather large phonetic difference with respect to
incomplete phonetic neutralization, there is clear evidence that the relevant processes are
phonologically categorically neutralizing as evidenced by the fact that their outputs feed other

sandhi processes.

2.2 Theissue of phonological neutralization versus phonetic implementation

As introduced in Section 1.2.1, the definition of incomplete neutralization is two-fold, which
includes phonological neutralization and phonetically incomplete neutralization. An issue of many
previous studies of incomplete neutralization is that researchers do not typically show evidence
that the examined processes are truly phonological neutralization, as opposed to phonetic
implementation (Cohn, 1993; Dunbar, 2013). Under the categorical view of phonological
representations, phonological neutralization entails there is a change from one phonological
category to another phonological category, while phonetic implementation does not result in any

categorical changes. To give an example, it is assumed by Port and O’Dell (1985) and other
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previous studies on German that the devoicing process results in a voiceless obstruent category in
the phonological surface form.*2 However, there is no clear evidence, especially evidence from
phonological behavior, that shows a derived voiceless obstruent is actually neutralized with the
underlying voiceless obstruent in the phonology. If Dunbar’s (2013) suspicion that the word-final
devoicing in German is actually a phonetic implementational process turns out to be valid, then
the so-called 'devoiced obstruent' at the right edge of prosodic word remains phonologically
unchanged and still belong to the same 'voiced' category with voiced obstruents in other positions.
As aresult, it would not be surprising according to the Standard generative view of Phonology that
the so-called 'devoiced obstruent' is phonetically different from an underlying voiceless obstruent
since they are phonologically different, i.e., different in the surface representations.

To the best of my knowledge, the only careful previous study that attempted to establish
phonological neutralization using evidence from phonological behavior is Braver and Kawahara’s
study on the lengthening of prosodic words in Japanese (Braver & Kawahara, 2016). Previous
literature generally argue that all prosodic words (®) in Japanese have to be at least bimoraic
(Braver, 2019; Braver & Kawahara, 2016; 1t6, 1990; I1t6 & Mester, 2003; Mester, 1990; Mori,
2002; Poser, 1990). The evidence mainly comes from processes where monosllabic prosodic
words are avoided. These processes include word-formation patterns, including nickname
formation, geisha-client name formation, loanword abbreviation, verbal root reduplication,
scheduling compounds and telephone number recitation. To take nickname formation process as
an example. A full name should be truncated to at least two morae long and then a suffix '-chan’

should be added as shown in (5) (Data from Braver, 2019). The name Wasaburoo and Kotomi can

2As pointed in Du and Durvasula (accepted), to be fair to them, this is likely what they assumed since many
phonologists have claimed as much in the extant literature.
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be truncated to at least two moras long as in (5a) and (5b), which means a shortened form

consisting of only one mora is ungrammatical.

(5) a.  Wasaburoo  (full name) b. Kotomi (full name)
Wasa(-chan) (2 moras) Koto(-chan) (2 moras)
*Wa(-chan) (1 mora) Koc(-chan) (2 moras)

*Ko(-chan) (1 mora)

As a result of the bimoraic constraint, an underlying monomoraic prosodic word has to
lengthen to be bimoraic in Japanese. In relation to this, Braver and Kawahara (2016) showed that
this neutralization process is incomplete phonetically, i.e. a derived/lengthened bimoraic prosodic
word is still shorter than an underlying bimoraic prosodic word.

However, monosyllabic prosodic words being avoided in certain processes does not
necessarily mean prosodic word of such length being generally prohibited. An analogy can be
drawn in Standard Mandarin. In Standard Mandarin, monosyllabic prosodic unit is strictly
prohibited in the process of adapting loanword of Japanese names as shown in (6). To conform to
this constraint, prosodic reconstruction occurs wherever there are monosyllabic words in the
original Japanese names as shown in (6a), (6b), (6d), (6e) and (6f). The parentheses indicate
prosodic boundaries, which are boundaries of prosodic words in these cases. The prosodic
structures on the left of arrows represent the original Japanese prosodic structures with segments
being adapted into Standard Mandarin, and the prosodic structures on the right of arrows represent
the prosodic structures employed in Standard Mandarin. All possible nonrecursive prosodic

structures in four-character Japanese names have been explored as on the left of arrows.
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(6) Prosodic reconstruction of Japanese names in Standard Mandarin

a. o(teye)o o(Uei ian nai)o 2 o(teye Uei)o o(ian Nai)o

[ “KRARZ=; FY &#B7%; HORI, Miona; Singer Idol]

b. w(t§halj ku pU)m w(@hsn)w > w(t@halj kU)w co(pU t@halj)w
[RAEF #; [~ F Z &; HASEBE, Makoto; Football Player]
C. co(Gi iﬁ)w co(tGhi lai)u) -> w(Gi iE)co m(tGhi lai)w

[FA8F 3, ITL o 77 t; NISHINO, Nanase; Singer Idol]

d. oa(jiS)o) w(ia .IQI’I)(D > m(tGI ia .191'1)0)

R HEA, cHLY FE & SAKAI Masato; Actor]

e. o(fuyen)o o(iau)e 2 o(fu yen iau)o

[fBR E; 5<[E5  [£45; FUKUHARA, Haruka,
Actress and Voice Actress]

f. o(son)e o(i)o =2 o(son i)o

[ % ,; Y D&L;MORI, Tsuyoshi; Mathematician]

However, monosyllabic prosodic unit can still appear in the surface in many cases. An example
is shown in (7), for some trisyllabic words, the Tone 3 sandhi pattern clearly shows that a prosodic

boundary that separates the grammatical word into two prosodic words.
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(7)  [mi [lau su]]
‘Mickey Mouse.’
UR 333

SR o(3)o o(2 3)o

It is worth distinguishing two concepts at this point, namely Nonpreferred unit size and
Prohibited unit size. Nonpreferred unit size means this type of prosodic unit is phonologically not
preferred by native speakers and should be avoided as much as possible, but this type of prosodic
unit can still appear in the surface due to intervention of other constraints rooted in phonology or
syntax-phonology interface. In contrast, Prohibited unit size should not appear in the surface under
any circumstances, which of course means that such prosodic units are not preferred by native
speakers. These two concepts are very clear under Optimality Theory framework (Prince &
Smolensky, 1993). Back to the Japanese case, if monosyllabic prosodic word is a Nonpreferred
unit, then the constraint preventing such unit size should not be ranked undominated, at least in
some cases. While if monosyllabic prosodic word is a Prohibited unit, then the constraint
preventing such unit size should always be ranked undominated. These two concepts are obviously
confused in previous literature on Japanese. And there is no clear evidence that monosyllabic
prosodic word being necessarily a Prohibited unit as argued in previous literature.

Overall, even the Japanese case is doubtworthy. Therefore there is still no convincing evidence
that the examined processes are truly phonological neutralization, as opposed to phonetic
implementation (Cohn, 1993; Dunbar, 2013). And if incomplete neutralization exists still remains
an open question. The current paper utilizes a different strategy of examining rules in feeding

orders to establish phonological neutralization. The fact that the output of a process can trigger
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another process provides evidence that the first process results in complete neutralization in the
phonology. Yet despite there being complete neutralization in the phonology, | will show that there
is incomplete neutralization in the phonetics for each of the feeding processes in Huai'an tone
sandhi processes.'® | will elaborate the feeding orders in Huai’an in Section 2.3 with more
background information. And Section 2.4 and Section 2.5 will present the two experiments | have

run based on two feeding orders in Huai’an.

2.3  Background of Huai‘an Mandarin

Huai’an belongs to the Jianghuai Guanhua Group (Lower Yangtze Mandarin) of the Mandarin
language family. Native speakers are mainly from Huai'an city, which is located in the northern
part of Jiangsu Province (Li, 1989). Huai'an has four phonemic tones, labelled as Tone 1, Tone 2,
Tone 3 and Tone 4 (Jiao, 2004; Y. Wang & Kang, 2012). Following the tradition of tone
description in Chinese languages, in Table 1, the four tones are given in tone letters using a scale
of 1 to 5 where 1 is the lowest fO and 5 is the highest fO and followed by a contour description in
words (Chao, 1930).1 The tonal contours of phonemic tones in isolation are given in Figure 2.
The speaker (male, age: 53) pronounced 4 repetitions of four monosyllabic morphemes that share

the same segmental content ([so]) and only contrast in the tone on the vowel. f0 was extracted only

13 As pointed out by an anonymous reviewer of the paper (Du & Durvasula, accepted), Ernestus et al. (2006) showed
that Dutch has an optional progressive voice assimilation process across word boundary for obstruents. A word-final
devoicing process feeds into the assimilation process and causes the initial obstruent of the next word to become
voiceless, which suggests that the devoiced obstruent in the preceding word belongs to same phonological category
with its underlyingly voiceless counterpart. In relation to this, Ernestus and Baayen (2006) showed in a separate
experiment that there is incomplete phonetic neutralization in word-final devoicing process in Dutch (see also Warner
et al., 2004). Further study is needed to show that a devoiced obstruent that can trigger another devoicing process is
actually incompletely neutralized in the phonetics. If this is indeed the case, Dutch will serve as another clear case of
incomplete phonetic neutralization under the condition of complete phonological neutralization.

14 Note, Huai'an phonemic tones are different from those in Standard Mandarin. In Huai'an, Tone 1 is a high falling
tone and Tone 4 is a high level tone. While in Standard Mandarin, Tone 1 is a high level tone (tone letter: 55) and
Tone 4 is a falling tone (tone letter: 51). Tone 2s and Tone 3s in Huai'an and Standard Mandarin are largely similar.
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from the vowel at 5% steps with a script in Praat. However, it is worth noting that the tonal contours
in isolation for Mandarin tones have been noticed to be quite different when compared with their
counterparts in context (Jongman et al., 2006; Shen, 1990; Xu, 1994, 1997; inter alia). So, |

expected the same kind of differences in my experiments where tones are pronounced in sentences.

Phonemic tone Tone letter Contour description
Tone 1 42 high falling
Tone 2 24 high rising
Tone 3 312 low/low rising
Tone 4 55 high level

Table 1: Descriptions of phonemic tones in Huai'an

Phonemic Tones
Tone 1
----------- Tone 2
———————— Tone 3
—————— Tone 4

fO value

T T T T
0 25 75% 100%

0 50%
Percentage step of pitch contour

Figure 2: Tonal Contour of Phonemic Tones in Huai'an
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For the examples in the rest of the paper, to make it easier on the reader, | will only use the T
plus tone number to refer to tones. For example, 'T3' refers to Tone 3. | will however continue to
use the full form Tone 3 in the text.

The three tone sandhi rules that are related to the current paper are shown in (8). At post-lexical
level, the low-register Tone 3 sandhi is mandatory only when the syllable that undergoes tone
sandhi and the following syllable that triggers tone sandhi are in the same phonological phrase.
Such a phonological formulation still allows Tone 3 sandhi to optionally apply when the two
syllables are not in the same phonological phrase, therefore a Tone 3 sequence can still appear in
the surface.® In contrast, the high-register Tone 1 and Tone 4 sandhis are always optional and only
applicable when the two syllables involved belong to the same phonological phrase. It has been
noted in previous literature that tone sandhi patterns in many Mandarin languages are sensitive to
prosodic structures (M. Y. Chen, 2000), and Huai'an is also in this group. One piece of evidence
comes from variation of Tone 3 sandhi as shown in (9). Similar to Standard Mandarin (Duanmu,
2007), for trisyllabic right-branching sentences where all syllables are underlyingly Tone 3, two
possible surface representations are possible, namely "Tone 2 Tone 2 Tone 3'and "Tone 3 Tone 2
Tone 3'. The variation is best accounted for through different prosodic structures. The analysis is
further supported by perceived pause length between syllables. According to anecdotal reports
from native speakers of Huai'an, for the surface representation of "'Tone 2 Tone 2 Tone 3/, the pause
length between each pair of immediately adjacent syllables is very short, suggesting all three

syllables are in the same phonological phrase. In contrast, for the surface representation of 'Tone

15 The optionality of Tone 3 sandhi application across phonological phrase may be due to planning effects or other
performance factors. Essentially, as per Classic generative view of Phonology, a categorical competence grammar can
still manifest gradiently in performance.
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3 Tone 2 Tone 3', there is a noticeable long pause between the first syllable and the other two
syllables, suggesting a phonological phrase boundary in that position.

Furthermore, Tone 3 undergoes tone sandhi to become Tone 2, and this Tone 3 sandhi process
can only happen when immediately preceding Tone 3 (underlying or derived).® As dissimilation
processes, the tone sandhis in Huai'an can be straightforwardly explained by the Obligatory
Contour Principle (Leben, 1973; McCarthy, 1986; Yip, 2002; inter alia). However, some
researchers reject the use of the Obligatory Contour Principle as the motivation of tone sandhi
processes in Mandarin languages (Duanmu, 1994, 2007; inter alia). | will not address this debate

since it is tangential to the main argument of this paper.'’

(8) Relevant tone sandhi rules in Huai'an Mandarin (Y. Wang & Kang, 2012)
a. Low-register tone sandhi'®
i. Tone 3sandhi: T3+ T3 > T2+ T3
b. High-register tone sandhi [optional processes]
i. Tone 1sandhi: T1+T1 > T3+ T1

ii. Tone 4 sandhi: T4+ T4 > T3+ T4

16 | reiterate the usage of 'underlying' and 'derived' in this paper: Consistent with other places in this paper, ‘underlying
Tone 3' means surface Tone 3 that maps from underlying Tone 3, and 'derived Tone 3' means surface Tone 3 that
maps from underlying Tone 1 or Tone 4.

g Depending on different proposed representations of the tones (M. Y. Chen, 2000; Duanmu, 2007; Yip, 2002; to
name a few), the motivation of tone sandhis can be different. I will discuss the assumed tonal representation for this
paper in Section 6.1 that a Mandarin tone is a single phonological unit.

18 Register is a tonal feature first proposed by Moira Yip (1980) and then widely adopted in the literature of Chinese
tonal phonology. Here | simply use the feature to distinguish Tone 3 sandhi from other tone sandhi processes in
Huai’an.
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(9) Tone 3 sandhi variation in Huai'an Mandarin (Du, 2021)

a. 0 me  teiow b. li tso ma
1sg buy wine Mr. Li  find horse
‘I buy wine.’ ‘Mr. Li finds horses.’
UR T3T3T3 UR T3T3T3
SR1 (T2 T2T3) SR1 (T2T2T3)s
SR2  4(T3)s o(T2 T3)s SR2 (T3)s ¢(T2 T3)s

Note: '¢' means phonological phrase.

Crucially, the Tone 3 output of the high-register tone sandhi processes feeds the low-register
Tone 3 sandhi process as in (10). Since high-register tone sandhis are optional and Tone 3 sandhi
is also optional given different possible prosodic structures for utterances in (10), multiple surface

representations are possible for both examples.
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(10)  Feeding Order in Huai’an Mandarin (boldface represents the locus of a potential tonal
change due to the relevant tone sandhi process; the data is from the authors)
a. Tone 1 sandhi feeds Tone 3 sandhi

u ku fon
Mr. Wu estimate score

'Mr. Wu estimates scores.'

UR T3T1T1

Tone 1 sandhi T3T3T1 (or) T3T1T1
Tone 3 sandhi T2T3T1 (or) T3T3T1 T3T1T1
SR T2T3T1 (o) T3T3TL  (or) T3TLT1

Corresponding
Prosodic Structure (T2 T3 T1)s o(T3)s o(T3 T1)s o(T3TLTL)s

o(T2)o o(T3 T1)o o(T3)o o(T1 T1)o

b. Tone 4 sandhi feeds Tone 3 sandhi

u to Zow
Mr. Wu chop meat

'Mr. Wu chops meat.'

UR T3T4T4

Tone 4 sandhi T3T3T4 (or) T3T4T4
Tone 3 sandhi T2T3T4 (or) T3T3T4 T3T4T4
SR T2T3T4 (or) T3T3 T4 (or) T3T4 T4

Corresponding
Prosodic Structure (T2 T3 T4), o(T3)e o(T3 T4)s o(T3 T4 T4)s

8(T2)s o(T3 T4)s o(T3)o o(T4 T4)s
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The feeding relationships between each of the high-register tone sandhis and Tone 3 sandhi
suggest that the high-register tone sandhis result in a Tone 3 category that is phonologically the
same as an underlying Tone 3. This interpretation of the data remains the same given a parallel
approach to phonology such as Optimality Theory (Prince & Smolensky, 1993). A usually
employed markedness constraint for low-register tone sandhi in Mandarin languages is
*Tone3Tone3', which is based on the Obligatory Contour Principle. This constraint prevents
adjacent Tone 3 syllables (C.-Y. Wang & Lin, 2011; Zhang, 1997; see also M. Y. Chen, 2000 for
using this constraint in an implicit fashion). For this constraint to trigger the structural change in
the first syllable (namely, Tone 3 = Tone 2), the second syllable in /Tone 3 Tone 4 Tone 4/ or
/Tone 3 Tone 1 Tone 1/ must surface as Tone 3. Consequently, an Optimality Theory analysis
would also maintain the crucial categorical aspects of the feeding order that are focal for the current
paper.

With regard to this interpretation of phonological identity between derived and underlying
Tone 3s, concerns may be raised about application rates, especially when an underlying Tone 3
mandatorily triggers Tone 3 sandhi while a derived Tone 3 can only optionally trigger Tone 3
sandhi when the two types of Tone 3 syllables are the middle syllable of a trisyllabic utterance.
The comparison is shown in (10) and (11). And some researchers may want to ascribe the
difference in application rates to a difference between derived Tone 3 and underlying Tone 3 in
the phonology, either as different phonological representations or as the same representations that
are indexed to different variable processes. However, intervening factors are not controlled for
when compared in this way. For Tone 3 sandhi to mandatorily apply before an underlying Tone 3,
only a disyllabic phonological phrase is needed, which includes the two Tone 3 syllables. In (11),

the established phonological phrase always includes the first two syllables to avoid the dispreferred
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Tone 3 sequence (C.-Y. Wang & Lin, 2011; Zhang, 1997; M. Y. Chen, 2000) and may extend to
include the last syllable.® These possible prosodic structures ensure that Tone 3 sandhi is
mandatory before underlying Tone 3. In contrast, for Tone 3 sandhi to mandatorily apply before a
derived Tone 3, at least a trisyllabic phonological phrase is needed where both high-register Tone
1/Tone 4 sandhi and low-register Tone 3 sandhi occur. In (10), for Tone 3 sandhi to mandatorily
apply before derived Tone 3, the phonological phrase must include all three syllables. It is well
recognized in the previous literature that a larger planning window required by a longer prosodic
unit has more planning difficulty (Ferreira & Swets, 2002; Kilbourn-Ceron & Goldrick, 2021;
Wagner et al., 2010; inter alia). The reason is the increasing burden on working memory, which
can lead to speech errors or delays. Huai'an turns out to not be an exception. Previous experimental
study on Tone 3 sandhi in Huai'an does support the existence of the effect of planning difficulty
on longer prosodic units. As a result, native speakers prefer disyllabic prosodic units over
trisyllabic prosodic units (Du & Lin, 2021). Due to the planning difficulty, the trisyllabic
phonological phrase may not be established in (10), and if the alternative disyllabic phonological
phrase includes only the last two syllables, Tone 3 sandhi may not occur before derived Tone 3.
Overall, the difference in application rates comes naturally from the planning difficulty effect and
does not need to be accounted for in the phonology.

As pointed out by two anonymous reviewers of the paper (Du & Durvasula, accepted),
proponents of gradient phonological representation may argue that although both underlying and

derived Tone 3s can trigger Tone 3 sandhi, they may still have different phonological

19 Here, purely for the sake of expository convenience and consistency with the general consensus in the Mandarin
phonology literature, | assume that phonological domains can be constructed based not only on morphosyntactic
structures, but also on phonological restrictions (C.-Y. Wang & Lin, 2011; Zhang, 1997; M. Y. Chen, 2000). This is
a view that is also consistent with recent discussions of Match Theory (I1td & Mester, 2013; Selkirk, 2011; inter alia).
My argument does not depend on this assumption, and can in fact be made without reference to the prosodic domains
atall.
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representations. By this analysis, the difference in application rates would be explained by the
difference in the phonological representations. First, | would like to point out that any analysis that
predicts application rates based on gradient phonological representations or phonetic similarity
would have to be precise in accounting for not only cases where the process is triggered but also
cases where the process is not triggered; namely, it would have to explain why only the derived
Tone 3 shows a variation in application rates and not the underlying Tone 3, and not the other way
around. Furthermore, it would have to account for the fact that any other tones that are phonetically
similar (along the relevant dimensions) do not trigger the process. While an evaluation of such an
analysis is not possible without a concrete specification of the proposal, | suspect that, to explain
the difference between derived Tone 3 and underlying Tone 3, one will have to make reference to
performance factors anyway. Relatedly, | appeal to the need to prioritize relatively simple
categorical phonological representations when they are sufficient to account for the observed
patterns (Occam's razor/law of parsimony); in our case, the difference in application rates can be
accounted for by independently needed performance factors, namely planning, and therefore | need
not complicate our understanding of the relevant phonological (tonal) representations. For this
reason, | see the feeding rule interaction as evidence of complete phonological neutralization of
the derived Tone 3 from Tone 1 and Tone 4 sandhi processes. Furthermore, | use the processes to
probe the phonetic (acoustic) consequences of the neutralizing processes in the case of the derived

Tone 3 that in turn trigger Tone 3 sandhi.
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(11)  Application of Tone 3 sandhi before underlying Tone 3 in trisyllabic utterances

a.

Tone 1 sandhi feeds Tone 3 sandhi

u po tel
Mr. Wu protect car

'Mr. Wu protects cars.'

UR T3T3T1
Tone 3 sandhi T2T3T1
SR T2T3T1

Corresponding
Prosodic Structure (T2 T3 T1)s

(T2 T3)e o(T1)s

Tone 4 sandhi feeds Tone 3 sandhi

u te cie
Mr. Wu catch elephant

'Mr. Wu catches elephants.’

UR T3T3T4
Tone 3 sandhi T2T3T4
SR T2T3T4

Corresponding
Prosodic Structure (T2 T3 T4),

(T2 T3)s o(T4)s

32



To further ensure the phonological equality of derived Tone 3 and underlying Tone 3, | only
analyze the derived Tone 3 tokens that actually trigger Tone 3 sandhi in this paper, which allows
me to have perfect surface minimal pairs in each of our experiments. By doing so, | also exclude
the possibility that any identified incomplete phonetic neutralization patterns arise as a result of
averaging the outcomes of an optional phonological process, since | only look at the cases where
| have reason to believe that the process applied. Despite the categorical phonological behavior of
the derived Tone 3 in Huai’an, in the next two sections, | will show that there is substantial
incomplete phonetic neutralization of derived Tone 3 and underlying Tone 3 for the feeding orders

involving Tone 1 sandhi and Tone 4 sandhi.

2.4 Experiment 1: Tone 1 sandhi
2.4.1 Participants

| recruited 11 native speakers of Huai'an Mandarin via personal relationships in Huai’an City.
The age range was from 37 to 55 years. Among them, 8 self-identified as female, and 3 as male.
Due to the language standardization trend in mainland China (Ramsey, 1989), young speakers in
Huai'an are generally bilingual and are native speakers of both Huai'an and Standard Mandarin.
To minimize the influence of Standard Mandarin, | recruited older speakers who are only fluent in
Huai'an in this study. All the participants were born and raised in Huai'an City. None of them had

participated in any linguistic studies before or heard about the concept of incomplete neutralization.

2.4.2 Stimuli
The stimuli were composed of trisyllabic sentences with each syllable forming a separate word,

therefore it is ensured that the tone sandhi processes are post-lexical and completely productive.
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Also, only right-branching utterances as in (10) are employed simply because not enough left-
branching utterances could be constructed by me given the paradigm to be introduced immediately.
The stimuli were divided into four sets as shown in (12). Furthermore, the third syllable was always
Tone 1. The second syllable was one of the following possibilities: a) an underlying Tone 1 that
optionally underwent Tone 1 sandhi to become Tone 3, b) an underlying Tone 3 that did not
undergo any tone sandhi in this context. The first syllable was underlyingly a Tone 3 or a Tone 2.
As a consequence of the possibilities in the second syllable, there were a few different possibilities
for the first syllable, including: a) an underlying Tone 3 that could undergo Tone 3 sandhi to
become Tone 2 with reference to the second syllable, b) an underlying Tone 2 that did not undergo
any tone sandhi in this context. The four sets were only different in tonal patterns but not in
segmental content. Furthermore, the crucial second syllable was always a voiceless unaspirated
stop plus vowel sequence. Voiceless unaspirated stops were chosen to make sure that there is a
consistent way to annotate the acoustic onset of the vowel by referring to the burst of the stop. The

full stimulus list is summarized in APPENDIX A. It is worth noting that one character [#5] may

be pronounced with the only checked tone in Huai'an (Jiao, 2004; Y. Wang & Kang, 2012), which
is an allophone of Tone 4 and appears only on monomoraic syllables ending with glottal stop. |

excluded all checked tone productions when extracting fO information.
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(12)  Four sets of stimuli in Experiment 1 [the syllables crucial for the current comparison
are underlined and boldface]
a. underlying T3 following underlying T2: /T2 T3T1/ > [T2 T3 T1]
b. underlying T3 following underlying T3: /T3T3T1/ > [T2 T3 T1]
c. derived T3 following underlying T2: T2 T1T1/ > [T2T3T1l]or [T2 T1 T1]

d. derived T3 following underlying T3: [T3T1T1/ > [T2T3T1]or [T3T1T1]

Out of the above set of possibilities, the most crucial comparison is between two tones in the
second syllable, namely, an underlying Tone 3 as in (12) and a derived Tone 3 as in the first
possibility in (12). This particular comparison controls for the preceding surface context (derived
Tone 2) and the following surface context (underlying Tone 1) and is therefore a perfect minimal
pair. Furthermore, the two cases also show evidence that both tones are in fact categorically Tone
3 as they trigger Tone 3 sandhi on the preceding tone. Finally, as mentioned previously, the
comparison allows me to exclude the possibility that any identified incomplete phonetic
neutralization pattern arises as a result of averaging the outcomes of an optional phonological
process. This is the crucial pair I will focus on in this experiment.

The set of possibilities also allows me to visually compare the derived Tone 3 against an
underlying Tone 1 in the same surface context, as in the second possibility in (c [albeit, the
preceding syllable in this case is an underlying Tone 2 instead of a derived Tone 2].

Each participant produced 4 repetitions of 24 test and 27 filler sentences at a natural speech
rate, which means each participant read a total of 204 sentences. All stimuli were randomized for

each participant.
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2.4.3 Procedure

The experiment was conducted entirely in Huai'an city. Each participant was recorded by a
trained research assistant using Audacity (Audacity Team, 2019) and a Popu Line BK USB
microphone on a Lenovo laptop in a quiet room that was either located in the participants’ home
or workplace. The participants were told that the purpose of the study was to collect some general
information on Huai'an. None of the participants reported noticing the minimal pairs or the real
purpose of the study being on tones in the post-experimental interview. The participants were
instructed to read at a normal speech rate using their everyday voice, and the stimuli were presented
in Chinese characters. The participants were also encouraged to read through the stimulus list to

be familiar with the reading materials before producing them.

2.4.4 Measurement

Using Praat (Boersma & Weenink, 2021), the recordings were manually annotated by the first
author, who is a native speaker of Huai’an. An example is shown in Figure 3. Only the second
syllable was marked and the annotation file had 6 tiers in total. The first tier marked the vowel of
the second syllable for phonetic analysis. The first zero crossing at the beginning of the voicing of
the target vowel and after the burst of the unaspirated stop was identified as the vowel onset, and
the zero-crossing immediately following the vowel's final glottal pulse was identified as the vowel
offset. All other tiers marked the whole second syllable to index phonological information and
recording quality. The onset of the second syllable was marked just before the release burst of the
initial stop and the offset of the second syllable corresponded with the offset of the nuclear vowel.
The second tier indicated the whole sentence in Pinyin, which is the official Romanization system

for Chinese characters in China. The third tier was the tone sandhi condition where 'yes' meant the
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second syllable had undergone tone sandhi and 'no' meant it had not, the fourth and fifth tiers had
the underlying tones and surface tones information respectively and the last tier had the quality of
the recording. | only used productions that were marked 'good’ in the analysis. The reasons that
productions were not marked as 'good' included background noise, speech errors, any long delay
while producing the utterance, and checked tone pronunciation. fO was extracted only from the

vowel at 5% steps with a script in Praat.

BT T 396.8 Hz

M

75 Hz

[Vowel
(49/257)
2 wubache ;‘;’)’""9
3 no (72557)
4 231 g:ﬂ)
5 231 ;':7)
i e o)
T it Visible part 0.811194 seconds 101.152528 T
Total duration 303.732132 seconds |

Figure 3: Annotation scheme of Experiment 1 (Tone 1)
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To compare across different speakers and different vowels, z-score transformation was

performed for each vowel of each speaker based on Hz scale (Laplace, 1820; Lobanov, 1971).

2.4.5 Results and statistical modelling

All data analyses in this paper were performed in R (R Core Team, 2021) using the tidyverse

suite of packages (Wickham et al., 2019). The statistical modelling was done using the Ime4

package (Bates et al., 2021).

The number of tokens for each possible combination of Underlying Representation and Surface

Representation is summarized in Table 2. The application rate of Tone 3 sandhi before underlying

Tone 3 is 97.2% while the application rate before derived Tone 3 is 74.0%.2° 71 tokens were not

marked as 'good' and excluded, which accounts for 6.7% of all test stimuli.

UR SR Number of tokens
T2T3T1 T2T3T1 259
T3T3T1 T3T3T1 7
T3T3T1 T2T3T1 242
T2T1T1 T2TIiT1 74
T2T1T1 T2T3T1 167
T3T1T1 T3T1T1 59
T3T1T1 T3T3T1 46
T3T1IT1 T2T3T1 131

Table 2: Number of Tokens for UR and SR combination

2As mentioned before, the difference in application rates does not necessarily inform me of any differences in
phonological representations since the difference is accountable through independently needed mechanisms, namely

the difficulty in planning longer prosodic units.

38



The z-score transformed fO contours on the crucial second syllable are shown in Figure 4. As
a reminder, the crucial comparison is between a derived Tone 3 and an underlying Tone 3 after
derived Tone 2s in the same surface context --- the context establishes that both the Tone 3s are
categorically Tone 3 as they trigger Tone 3 sandhi. | also present the tone contour for an underlying

Tone 1 in the same surface context for visual comparison with the two crucial Tone 3s.

Tone Sandhi

@ Derived T3 (/T1/—[T3])
A Underlying T3 (/T3/—[T3])
M Underlying T1 (/T1/—[T1])

Analysis

05 @ Crucial Comparison
Reference

fO value (z-score transformed)

T T
0% 25% 759 100%

50%
Percentage step of pitch contour

Figure 4: Contours comparison of the second syllable in Experiment 1 (Tone 1)

(Error bars indicate standard error)

Based on the visual inspection of the data, the derived Tone 3 seems to start as an underlying
Tone 3 and ends as an underlying Tone 1. And the contour shape of the derived Tone 3 is close to
that of an underlying Tone 3. Furthermore, the comparison between underlying Tone 3 and derived

Tone 3 clearly shows that the neutralization is incomplete.?*

2L To further address the concern that incomplete neutralization patterns identified in Experiment 1 may arise as a
result of averaging the outcomes of an optional phonological process, the distributions of underlying Tone 1, derived
Tone 3, and underlying Tone 3 are shown for each time step in APPENDIX E. Crucially, the derived Tone 3
distribution is generally uni-modal, and distinct from the other two distributions, across the time-steps. Thus, there is
no evidence of an averaging artifact over optional surface representations for the derived Tone 3 case.
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For the purposes of statistical modelling, I used just the two-group factor (underlying Tone 3
vs. derived Tone 3), and ignored underlying Tone 1, in order to simplify the modelling and address
only the crucial question of whether or not the underlying and derived Tone 3s have incompletely
neutralized. The results turn out to support the observation that the neutralization is indeed
incomplete phonetically.

In dealing with time course data, traditional techniques like t-tests and ANOVA have to divide
continuous time into multiple time bins and therefore have to make multiple comparisons. This
method has been argued by Mirman (2017) to be problematic for increasing the risk of ‘false
positives'. Since each time bin incurs the nominal 5% false positive rate implied by 'p < 0.05',
overall, the false positive rate with multiple time bins and multiple comparisons will be much
higher than a single comparison.

To solve this problem, multiple analysis methods have been developed, which includes
Smooth Spline Analysis of Variance (SS-ANOVA) (Y. Wang, 1998), Generalized Additive
Model (GAM) (Hastie & Tibshirani, 1990) and Growth Curve Analysis (GCA) (Mirman, 2017;
Mirman et al., 2008). In this paper, | follow S. Chen et al. (2017), in modelling fO contours using
Growth Curve Analysis. Growth Curve Analysis uses multilevel linear regression to avoid multiple
comparisons and has been argued to be a useful modelling technique in different fields (Baldwin
& Hoffmann, 2002; McArdle & Nesselroade, 2003; inter alia). To apply Growth Curve Analysis

in Huai'an tones, | started with a simple model as in (13) (Mirman et al., 2008).
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(13)  Yij = (yoo + oi) + (y10 + (1i) * Timeij + &ij

Here i is the it fO (z-score transformed) contour and j is the ji time point, and Yij is the fO (z-
score transformed) value for i™" contour at j™ time point. yoo is the population average value for the
intercept, Coi is individual variation on the intercept, y1o0 is the population average value for the
fixed effect of time, (1i is individual variation on the fixed effect of time and «ij is the error term.?2
To optimize the model for the data, | employed higher-order polynomial functions, and allowed
individuals to vary on each term only when those terms reached significance according to chi-
square likelihood ratio tests (S. Chen et al., 2017; S. Chen & Li, 2021; inter alia). In Mandarin
languages, a Tone Bearing Unit (TBU), which is assumed to be the syllable or the rhyme or the
nucleus of the rhyme, has been widely argued to be associated with at most three tonal targets (Bao,
1990, 1992; Duanmu, 1994; inter alia). Therefore, the most complex tones can only have one
change of direction, which will produce U-shaped contours, such as high-low-high and low-high-
low. To conform to this observation, I only considered up to second-order functions to ensure that
the final model is not more complex than a U-shape contour. Also, orthogonal polynomials were
used to make sure that the linear and quadratic terms were not correlated (Mirman, 2017). After
optimizing the model by including all significant terms, | first treated underlying Tone 3 and
derived Tone 3 as the same and modelled them as one single contour to get Model 1. Then I built
models that treat them as different, namely, models that include a tone sandhi condition
(underlying Tone 3 vs. derived Tone 3) to do model comparison. Based on Model 1, tone sandhi
condition is first allowed to affect only intercept to get Model 2. Then tone sandhi condition is

allowed to affect both intercept and linear term to get Model 3. Finally, tone sandhi condition is

22 Note, the individual variation terms, {0i and {11, are akin to the random intercept by participant, and random slope
of time by participant.
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allowed to affect all fixed effects, which include intercept, linear term and quadratic term, and the
outcome is Model 4. Chi-square likelihood ratio test was used to determine whether two minimally
different models differ significantly.

The result shows that the difference between underlying Tone 3 and derived Tone 3 is in fact
supported by model comparisons. The addition of a tone sandhi condition improves the model on
the intercept as shown by comparing Model 1 and Model 2 (x?(1)=331.81, p<0.01), on the linear
term as shown by comparing Model 2 and Model 3 (x?(1)= 118.34, p<0.01) and on the quadratic
term as shown by comparing Model 3 and Model 4 (x?(1)= 14.99, p<0.01). Figure 5 shows how

the full model (Model 4) fits the observed data. The parameter estimates for the full model are

summarized in Table 3.

Tone Sandhi data

@ Derived T3 (/T1/—[T3])
A Underlying T3 (/T3/—[T3])

0.59

0.09

Tone Sandhi model

= Derived T3 (/T1/—[T3])
== Underlying T3 (/T3/—[T3])

fO value (z-score transformed)

IJ:". 25I” ) ’)UI ) 7')‘ 1(J|U"f.
Step of pitch contour

Figure 5: Observed data and Growth Curve Model fits for derived and underlying Tone 3
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Estimate  Std. Error t p

Intercept 0.07 0.06 1.13 0.28

Linear -16.01 2.14 -1.47 <0.01
Quadratic 9.57 1.59 6.04 <0.01

Tone Sandhi: Intercept -0.50 0.03 -19.68 <0.01
Tone Sandhi: Linear -13.64 1.24 -10.99 <0.01
Tone Sandhi: Quadratic 4.80 1.23 3.90 <0.01

Table 3: Parameter estimates of the full model (Model 4) with the assumption of tone sandhi

affecting every fixed effect (baseline: derived Tone 3)

Moreover, the effect size of incomplete neutralization is large in Tone 1 sandhi. The mean
difference in fO between underlying Tone 3 and derived Tone 3 across all steps is 18 Hz, which is
more than 2 times the Just Noticeable Difference of fO value (7 Hz) for Mandarin speakers
(Jongman et al., 2017). Furthermore, across the last 10 steps (step 11 to step 20), the fO difference
is over 22 Hz, which is more than 3 times the Just Noticeable Difference. The fO difference (fO of
derived Tone 3 - fO of underlying Tone 3) of each step is summarized in Table 4. Recall that the
underlying premise from those who criticize the small effect size of incomplete neutralization is
that if the differences were robust and large in size, the existence of such an effect should be
accepted as functionally relevant.?® According to that standard, the case of Huai'an Tone 1 sandhi

is clearly a case of phonetically incomplete neutralization.

23 T acknowledge that it is not entirely clear to me what is intended by the use of phrases such as “functional relevance”,
since many aspects of linguistic behavior might be important to the speaker/listener while not stemming from the
grammar per se; however, | retain the phrase here to reflect the terminology in the sub-field.
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Step fO difference (Hz) Step O difference (Hz)
0 -5 11 22
1 -2 12 25
2 2 13 26
3 4 14 29
4 7 15 30
5 12 16 32
6 12 17 30
7 11 18 28
8 15 19 29
9 22 20 25

10 21

Table 4. fO difference of each step in Experiment 1 (Tone 1)

To show that the pattern is not unique to Tone 1 sandhi and to extend the scope of the current

study, | ran a second experiment on Tone 4 sandhi process in Huai’an.

2.5 Experiment 2: Tone 4 sandhi
2.5.1 Participants

| recruited 20 native speakers of Huai'an Mandarin also via personal relationships in Huai’an
City. The age range was from 33 to 57 years old. Again, to minimize the influence of Standard
Mandarin, | avoided younger speakers in this study. Among them, 16 self-identified as female,

and 4 as male. 5 speakers had also participated in Experiment 1. The interval between Experiment
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1 and 2 was about 7 months; the 5 participants from Experiment 1 failed to guess and were not
told the purpose of Experiment 2. Like Experiment 1, all the participants were born and raised in
Huai'an City. Other speakers have not participated in any linguistic studies before or heard about

the concept of incomplete neutralization.

2.5.2 Stimuli
The stimuli were organized in the same way as in Experiment 1. The four sets of trisyllabic

sentences are shown in (14), and the full stimulus list is summarized in APPENDIX B.

(14)  Four sets of stimuli in Experiment 2 [the syllables crucial for the current comparison
are underlined and boldface]
a. underlying T3 following underlying T2: /T2 T3 T4/ - [T2 T3 T4]
b. underlying T3 following underlying T3: /T3 T3 T4/ > [T2 T3 T4]
c. derived T3 following underlying T2: [T2TA T4/ > [T2 T3 T4] or [T2 T4 T4]

d. derived T3 following underlying T3: IT3T4 T4/ > [T2T3T4] or [T3 T4 T4]

As with Experiment 1, the crucial comparison is between two tones in the second syllable,
namely the underlying Tone 3 in (14b) and the derived Tone 3 as in the first possibility in (14d).
This comparison allows me to control for the surface context, while also establishing that the two
tones are indeed categorical Tone 3s since they trigger Tone 3 sandhi on the preceding tone.
Furthermore, as mentioned previously, the comparison allows me to exclude the possibility that
any identified incomplete phonetic neutralization pattern arises as a result of averaging the

outcomes of an optional phonological process.
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The set of possibilities also allows me to look at an underlying Tone 4 in roughly the same
surface context, as in the second possibility in (14c), for visual comparison.
Each participant produced 4 repetitions of 20 test sentences at a natural speech rate with 20

fillers, which means that each participant read a total of 160 sentences.

2.5.3 Procedure

The procedure was identical to that of Experiment 1.

2.5.4 Measurement

The recordings were manually annotated by the first author but with a somewhat different
scheme. For this experiment, both the first and second syllables were marked. The first syllable
was marked to confirm that derived Tone 3 can in fact trigger Tone 3 sandhi on this syllable. An
example is shown in Figure 6. The annotation file had five tiers in total. The criteria for marking
vowels and syllables remained the same. The first tier marked the vowel of the syllable. All other
tiers marked the whole second syllable to index phonological information and recording quality.
The second tier indicated the position of the syllable inside the sentences where a first syllable was
marked '1" and a second syllable was marked '2', the third tier contained the Pinyin of the whole
sentence followed by the underlying tone of the syllable. The fourth tier marked whether the
syllable underwent tone sandhi. And the last tier indicated the quality of the recording. Similar to
the previous experiment, I only used productions of recordings that were marked 'good'. The fO
extraction, normalization and visualization processes are identical to those in the previous

experiment.
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Figure 6: Annotation scheme of Experiment 2 (Tone 4)

2.5.5 Results and statistical modelling

The number of tokens for each possible combination of Underlying Representation and Surface
Representation is summarized in Table 5. The application rate of Tone 3 sandhi before underlying
Tone 3 is 94.8% while the application rate before derived Tone 3 is 24.2%.2* 79 tokens were not

marked as 'good' and excluded, which accounts for 5.0% of all test stimuli.

24 Again, | point out that the difference in application rates does not necessarily inform me of any differences in
phonological representations. The difference can be accounted for by the difficulty in planning longer prosodic units.
I also recognize that the application rate of derived Tone 3 from Tone 4 here is different from derived Tone 3 from
Tone 1 in Experiment 1 (74.0%), and as one anonymous reviewer of the paper (Du & Durvasula, accepted) pointed
out, such a difference may be used to argue for a phonological difference between the Tone 3s from different
underlying sources. However, such a difference may simply be due to different groups of speakers in two independent
experiments or even more simply that the observed difference in effect sizes is simply random variation, as would be
expected between any two experiments measuring the same phenomenon. Future study is needed to compare Huai'an
Tone 1 sandhi and Tone 4 sandhi on the same group of speakers in one single experiment. If the application rates are
indeed replicable, an intriguing possibility that | note for the readers is that the phonetic difference between derived
Tone 3 from Tone 1 and derived Tone 3 from Tone 4 may itself serve as a performance factor (related to the differential
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UR SR Number of tokens

T2T3T4 T2T3T4 386
T3T3T4 T3T3T4 20
T3T3T4 T2T3T4 368
T2TAT4  T2T4AT4 156
T2TAT4  T2T3T4 212
T3T4T4  T3T4T4 98
T3T4T4  T3T3T4 213
T3TAT4  T2T3T4 68

Table 5: Number of Tokens for UR and SR combination

The z-score transformed fO contours on the crucial second syllable are shown in Figure 7.
Again, the crucial comparison is between a derived Tone 3 and an underlying Tone 3 after a
derived Tone 2 in the same surface context. We also present the tone contour for an underlying

Tone 4 in the same surface context for visual comparison with the two crucial Tone 3s.

difficulty in implementing different tones that in turn effects planning) that can account for the difference of
application rate outside phonology. At the moment, the explanations based on planning difficulty are simply
speculative since it is not clear how phonological planning can affect tone sandhi application rate, and future study is
needed to quantify the size of variation caused by planning difficulty.
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Tone Sandhi

o @ Derived T3 (/T4/—[T3])
A Underlying T3 (/T3/—[T3])
M Underlying T4 (/T4/—[T4])

Analysis

051 4 Crucial Comparison
Reference

fO value (z-score transformed)

D!'n 7F:"-' 57}'!- 7:’:"' m‘n‘n
Percentage step of pitch contour

Figure 7: Contours comparison of the second syllable in Experiment 2 (Tone 4)

(Error bars indicate standard error)

Based on visual inspection of the data, the pattern seems to be different from the case of Tone
1 sandhi. The derived Tone 3 seems to start as an underlying Tone 4,2° instead of as an underlying
Tone 3 as in Experiment 1. Furthermore, the derived Tone 3 gradually deviates from underlying
Tone 4 through the whole contour; note, this is in contrast to Experiment 1, where the derived
Tone 3 ended up at a value almost identical to the underlying Tone 1. However, the contour shape

of the derived Tone 3 is again close to that of an underlying Tone 3 as in Experiment 1. Despite

%5 As observed by one anonymous reviewer of the paper (Du & Durvasula, accepted), more accurately, derived Tone
3 from Tone 4 actually starts higher than underlying Tone 4 as shown in Figure 7, although the difference in raw pitch
between derived Tone 3 and underlying Tone 4 is very small (less than 5 Hz for the first 4 steps). As suggested by this
anonymous reviewer, this pattern may be due to some effort to maintain contrast between derived Tone 3 and
underlying Tone 4 since the remainder of derived Tone 3 is relatively high and close to underlying Tone 4.

49



the difference, incomplete phonetic neutralization is again clearly observed in the comparison
between underlying Tone 3 and derived Tone 3.26 %/

The modelling method remains the same as in Experiment 1, and four models are generated.
The observation of incomplete phonetic neutralization is again supported by model comparisons.
The addition of a tone sandhi condition improves the model on the intercept as shown by
comparing Model 1 and Model 2 (x?(1)=1429.23, p<0.01), the linear term as shown by comparing
Model 2 and Model 3 (x?(1)=66.22, p<0.01) and the quadratic term as shown by comparing Model
3 and Model 4 (x?(1)= 32.67, p<0.01). Figure 8 shows how the full model (Model 4) with the
assumption of tone sandhi affecting every fixed effect fits the observed data. And the parameter

estimates for full model are summarized in Table 6.

% | recognize that the underlying Tone 3 in Experiment 2 appears to be slightly phonetically different from its
counterpart in Experiment 1, especially at the tonal offset position. Tone 3, which is usually used to represent low
tone in Mandarin languages, generally involves creakiness. The small difference between underlying Tone 3s in
Experiments 1 and 2 may be caused by inconsistency related to the Praat fO estimation algorithms for creaky sounds.
Whether it is due to this issue or due to simple random variation is something that I leave for further inquiry.

27 Again, to further address the concern that incomplete neutralization patterns identified in Experiment 2 may arise
as a result of averaging the outcomes of an optional phonological process, the distributions of underlying Tone 4,
derived Tone 3, and derived Tone 3 are shown for each time step in APPENDIX F. Again, crucially, the derived Tone
3 distribution is generally uni-modal, and distinct from the other two distributions, across the time-steps. Thus, there
is no evidence of an averaging artifact over optional surface representations for the derived Tone 3 case.
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Tone Sandhi data

@ Derived T3 (/T4/—[T3])
A Underlying T3 (/T3/—[T3])

Tone Sandhi model

— Derived T3 (/T4/—[T3])
== Underlying T3 (/T3/—[T3])

Figure 8: Observed data and Growth Curve Model fits for derived and underlying Tone 3

(Error bars indicate standard error)

Estimate  Std. Error t p
Intercept 0.50 0.06 8.26 <0.01
Linear -22.09 2.23 -9.89 <0.01
Quadratic 4.38 1.33 3.29 <0.01
Tone Sandhi: Intercept -1.01 0.02 -43.58 <0.01
Tone Sandhi: Linear -10.43 1.26 -8.30 <0.01
Tone Sandhi: Quadratic 7.17 1.25 5.75 <0.01

Table 6: Parameter estimates of the full model (Model 4) with the assumption of tone sandhi

affecting every fixed effect (baseline: derived Tone 3)

Again, the effect size of incomplete neutralization is also large in Tone 4 sandhi. The mean

difference in fO between underlying Tone 3 and derived Tone 3 across all steps is 17 Hz, which is

more than 2 times the Just Noticeable Difference of fO value (7 Hz) for Mandarin speakers

51



(Jongman et al., 2017). Also, across the last 11 steps (step 9 to step 20), the fO difference is over
21 Hz, which is more than 3 times the Just Noticeable Difference. The f0 difference (fO of derived
Tone 3 - fO of underlying Tone 3) of each step is summarized in Table 7. Therefore, the case of
Huai'an Tone 4 sandhi should also be safely defined as phonetically incomplete neutralization, and

not susceptible to the criticism of a small effect size.

Step O difference (Hz) Step fO difference (Hz)
0 -4 11 24
1 -1 12 23
2 1 13 24
3 3 14 23
4 5 15 23
5 11 16 23
6 14 17 24
7 16 18 26
8 19 19 27
9 22 20 27

10 22

Table 7: fO Difference of each step in Experiment 2 (Tone 4)

The coding in Experiment 2 also allowed me to answer another question that we did not answer
for Experiment 1. In Experiment 1, we impressionistically coded whether or not the first syllable

was in fact subject to Tone 3 sandhi. One could have argued that this impressionistic coding could
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have been inaccurate, and was based on a perceptual bias of the annotator (the author). To address
this concern, it would have been optimal if I could have shown through phonological behavior that
the derived Tone 2 is indeed phonologically identical to underlying Tone 2. Although historically
Tone 2 sandhi (Tone 2 + Tone 2 - Tone 3 + Tone 2) existed in Huai'an (Y. Wang & Kang, 2012),
this tone sandhi rule was not observed in my fieldwork in early 2020 probably due to the influence
of the standard language, as is generally observed in other languages (Labov, 1963; Milroy, 2001;
inter alia). And no researchers before have tested if derived Tone 2 can trigger another tone sandhi
process. Therefore, | cannot verify if the derived Tone 2 can trigger Tone 2 sandhi like an
underlying Tone 2. Furthermore, I am not aware of any other phonological processes in the
language that are triggered by Tone 2. As a result, it is not possible to establish Tone 2 category
by phonological behavior in Huai'an and | turn to provide phonetic evidence for the Tone 2 identity
of the derived rising tone.

To make some inroads into the question of the phonological nature of the (putatively) derived
Tone 2 in initial position, in Experiment 2, | also annotated the first syllable, and are therefore able
to observe the fO contours for derived Tone 2 (from underlying Tone 3) and compare it to an
underlying Tone 2 to see if the impressionistic coding was appropriate. The tone contours of the
z-score transformed fO for the relevant first syllables are shown in Figure 9. For the benefit of the
reader, | also present the tone contour for an underlying Tone 3 in the first syllable that comes
from a derived Tone 3 failing to trigger Tone 3 sandhi on the preceding syllable. By doing so, a
three-way visual comparison is possible at the position of the first syllable under the same

phonological environment, i.e. before derived Tone 3.
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Tone Sandhi

Derived T2 (/T3/—[T2]) before
Derived T3 (/T4/—[T3])

Underlying T2 (/T2/—[T2])
before Derived T3 (/T4/—[T3])
%] Underlying T3 (/T3/—[T3])
before Derived T3 (/T4/—[T3])
5+ Analysis
—+— Crucial Comparison

Reference

o o

fO value (Z-score transformed)

25% 50% 75‘ 10:7“‘.
Percentage step of pitch contour

Figure 9: Contours comparison of the first syllable in Experiment 2 (Tone 4)

(Error bars indicate standard error)

Based on the visual inspection of the data, the derived Tone 2 that undergoes Tone 3 sandhi
with reference to the following derived Tone 3 is phonetically highly similar to an underlying Tone
2 with regard to the fO contour. Both derived Tone 2 and underlying Tone 2 fO contours are
phonetically very different from underlying Tone 3. Furthermore, as with the other tone sandhi
processes discussed in this paper, there is incomplete phonetic neutralization of the derived Tone
2 (from an underlying Tone 3) and the underlying Tone 2 in the first syllable. With the modelling
method introduced in Section 2.4.5, the addition of a Tone Sandhi condition improves the model
on the quadratic term as shown by comparing Model 3 and Model 4 (x2(1)= 4.96, p=0.03), but not
on the intercept as shown by comparing Model 1 and Model 2 (x?(1)=2.16, p=0.14) or the linear
term as shown by comparing Model 2 and Model 3 (x?(1)= 1.10, p=0.29). Figure 10 shows how
the full model (Model 4) with the assumption of tone sandhi affecting every fixed effect fits the

observed data. And the parameter estimates for the full model are summarized in Table 8.
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B

fO value (z-score transformed)

T
50%

Percentage step of pitch contour

T
75%

T
100%

Tone Sandhi data

Derived T2 (/T3/—[T2]) before
Derived T3 (/T4/—[T3])

Underlying T2 (/T2/—[T2])
before Derived T3 (/T4/—[T3])
Tone Sandhi model

Derived T2 (/T3/—[T2]) before
Derived T3 (/T4/—[T3])

Underlying T2 (/T2/—[T2])
before Derived T3 (/T4/—[T3])

Figure 10: Observed data and Growth Curve Model fits for derived and underlying Tone 2

before derived Tone 3 (Error bars indicate standard error)

Estimate  Std. Error t p
Intercept -0.26 0.06 -4.07 <0.01
Linear 10.00 2.69 3.72 <0.01
Quadratic 9.63 1.89 5.11 <0.01
Tone Sandhi: Intercept -0.04 0.03 -1.51 0.13
Tone Sandhi: Linear -1.32 1.30 -1.02 0.31
Tone Sandhi: Quadratic -2.88 1.29 -2.23 0.02

Table 8: Parameter estimates of the full model (Model 4) with the assumption of tone sandhi

affecting every fixed effect (baseline: derived Tone 2)

However, consistent with my larger claim, this should not be interpreted as incomplete

phonological neutralization. The mean difference in fO between underlying Tone 2 and derived

Tone 2 across all steps is only 1 Hz, which is much lower than the Just Noticeable Difference of
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fO value (7 Hz) for Mandarin speakers (Jongman et al., 2017). The fO difference (fO of underlying
Tone 2 - fO of derived Tone 2) of each step is summarized in Table 9. This indicates that native
speakers of Huai'an may not be able to distinguish underlying vs derived Tone 2s and therefore
are likely to analyze them to be in the same category in phonology. It is worth noting that an
assumption has been made here that a phonetic difference that is much smaller than or around Just
Noticeable Difference means phonologically complete neutralization, and a phonetic difference
that is much bigger than the Just Noticeable Difference is compatible with both phonologically
complete neutralization (as in Huai'an Tone 1 and Tone 4 sandhis) and phonologically incomplete
neutralization. | acknowledge that some previous studies on incomplete neutralization have shown
that phonetic differences that are smaller than the relevant Just Noticeable Difference are still
perceptually distinguishable (Port & O’Dell, 1985; Warner et al., 2004; inter alia). However, the
substantial phonetic difference between derived Tone 2 and underlying Tone 3 and the phonetic
similarity between derived Tone 2 and underlying Tone 2 are difficult to account for by any
mechanism known to me other than Tone 3 sandhi — it cannot simply be random variation or a co-

articulatory change. Therefore, the impressionistic coding was in my opinion appropriate.
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Step fO difference (Hz) Step O difference (Hz)
0 -8 11 2
1 -8 12 2
2 0 13 1
3 2 14 1
4 2 15 1
5 3 16 1
6 3 17 1
7 3 18 2
8 3 19 3
9 2 20 3

10 2

Table 9: fO Difference of each step for first syllable in Experiment 2 (Tone 2)

To summarize the results of Experiment 2, we showed using the feeding interaction between
Tone 4 sandhi and Tone 3 sandhi, that the Tone 4 sandhi results in a phonological completely
derived Tone 3. Despite this phonologically complete neutralization, we observed (a rather large)
incomplete neutralization between the derived Tone 3 and underlying Tone 3 in the same surface

tonal context. The experiment therefore replicates the results of Experiment 1.
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2.6 Phonological representation of Mandarin tone

It is worth noting that the interpretation of Huai'an tone sandhi cases as incomplete
neutralization relies on the general consensus that a Mandarin tone is a single phonological unit
despite appearing as a phonetic tonal contour (Bao, 1990, 1992; Yip, 1989; inter alia). To form a
Mandarin tone, tonal targets like High (h) and Low (l) should be grouped together as one unit by
an intermediate node to be linked to Tone Bearing Unit (TBU) as in (15). The TBU is the syllable
in Mandarin languages like Huai’an, and the intermediate node is called Tonal Root node by Yip
(1989:150) and Contour node by Bao (1990:2). Therefore, a Mandarin tone is inseparable and
should be examined as a whole. And a phonetic difference on any part of the contour between a
derived Mandarin tone and its underlying counterpart indicates phonetically incomplete
neutralization. In the case of Huai’an, there is a clear phonetic difference at the later part of tonal

contour in Experiment 1 and 2.

(15) Phonological Representation of Mandarin Tone

Tone

h/l- hil

Note: TBU means tone bearing unit, in Mandarin languages like Huai’an,

a TBU is a syllable or a rhyme.
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Based on this view, phonologically, it is not possible for part of a Mandarin contour tone to
neutralize while part of the tone remains unchanged. Perhaps, the most convincing evidence for
this single-phonological-unit representation in Mandarin languages comes from Contour Tone
spreading. And the most discussed case is undoubtedly Danyang (Chan, 1991; M. Y. Chen, 1991,

Yip, 1989; data from LU, 1980). The pattern of interest is given in (16):

(16) a. 2-syllable: hl. lh
b. 3-syllable: hl. hl. Ih
C. 4-syllable: hl. hl. hl. 1h

Note: 'h" means high tone, 'I' means low tone, and "." indicates syllable boundary.

According to the analysis by Yip (1989), in these cases, a falling tone is associated with the
first syllable and a rising tone is associated with the last syllable. Then the falling tone spreads
rightwards over the domain as one single unit. If the falling tone is not a unit in phonology, one
would expect only the low tone but not the whole contour to spread. A similar phenomenon of
tone spreading is also found in Changzhi (Hou, 1983). It is worth noting that Duanmu (1994)
challenges the above evidence by pointing out that Contour Tone spreading examples are only
found in two languages and restricted to certain morpho-syntactic structures. However, since
Changzhi City and Danyang City are geographically far away from each other (roughly 456 miles
or 734 kilometers apart), tone spreading may be discovered in more languages and potentially
more morpho-syntactic structures. To summarize, despite dispute, the tone spreading pattern itself
offers strong support for phonological contour tone. It is also worth pointing out that despite

disagreement with the single-unit analysis of contour tones, Duanmu (1994) claims that tone
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sandhis results in a categorical change, which is argued in this paper to support the interpretation
of incomplete neutralization in Huai'an.

Another piece of evidence supporting single-phonological-unit representation in Mandarin
languages and specifically in Huai'an comes from Huai'an itself. By analyzing tone sandhi
processes in Huai'an as being applied at the Tonal Root/ Tonal Contour tier, an elegant explanation
can be provided for the tone sandhi patterns in Huai'an (Du & Lin, 2019). Therefore the Tonal
Root/Tonal Contour node that can group tonal targets as one unit is probably real.

Crucially, if Tone 3 (low tone) is analyzed as low-register tone while other tones are analyzed
as high-register tones as in Standard Mandarin (Bao, 1990; Duanmu, 2007; Yip, 1989), then tone
sandhi is only applicable within the same register category. In Huai'an, Tone 3 only undergoes
tone sandhi before Tone 3 while Tonel/Tone 2/Tone 4 only undergoes tone sandhi before
Tonel/Tone 2/Tone 4. Therefore Huai'an tone sandhi has a clear pattern of the application of
Obligatory Contour Principle (Leben, 1973; McCarthy, 1986) on the Tonal Root/Contour node
tier. There are phonetic basis for treating Tone 3 differently from other tones in phonology. Only
Tone 3 in Standard Mandarin and Huai'an involves creaky voice (Duanmu, 2007). However, as
argued in this dissertation, the relationship between phonetics and phonology is rather remote, so
observation in speech production itself may not indicate phonological representation. | argue here
itis unlikely to be just an accident that such tonal representation can provide an elegant explanation
of tonal patterns in Huai'an. Tone sandhi patterns that are not predicted by such tonal representation
are never found in Huai'an, now or before. All tone sandhi processes in Huai'an are listed in (17),

including historically existed ones.
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(17)  All tone sandhi rules in Huai'an Mandarin (Y. Wang & Kang, 2012)
a. Low-register tone sandhi?®

i. Tone3sandhi: T3+ T3> T2+ T3

b. High-register tone sandhi [optional processes]

i. Tone 1 sandhi: T1+T1->T3+T1

ii. Tone 1 sandhi before Tone 3: T1+T2>T3+T2

iii. Tone 1 sandhi before Tone 4: T1+T4>T3+T4
iv. Tone 2 sandhi before Tone 1: T2+ T1 > T3+ T1 (historically existed)
v. Tone 2 sandhi: T2 + T2 - T3 + T2 (historically existed)
vi. Tone 2 sandhi before Tone 4: T2 + T4 > T3 + T4 (historically existed)

vii. Tone 4 sandhi before Tone 2: T4+T2>T3+T4

viii.Tone 4 sandhi: T4+T4>T3+T4

| assume the tonal representation in (18). And for this paper, | use uppercase vs. lowercase to
distinguish features on the Tonal Root/Contour tier and the Tonal Target tier. The whole pitch rage

is then divided as follows:

28 Register is a tonal feature first proposed by Moira Yip (1980) and then widely adopted in the literature of Chinese
tonal phonology. Here | simply use the feature to distinguish Tone 3 sandhi from other tone sandhi processes in
Huai’an.
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(18) Phonological Representation of Mandarin Tone

high tone (h)

High Register (H)

low tone (1)

high tone (h)

Low Register (L)

low tone (1)

With all these, the four Huai'an tones can be represented as in (19). Again, the tone sandhi has
a clear pattern of the application of Obligatory Contour Principle (Leben, 1973; McCarthy, 1986)
on the Tonal Root/Contour node tier. One example of high-register tone sandhi and one example
of low-register tone sandhi are provided in (20). Therefore, tone sandhi will not be triggered on

two adjacent tones that belong to different registers.

(19) Phonological Representation of Huai'an Tone

Tone 1 Tone2 Tone3 Tone4
H H

A A KT

h 1 | h I h h
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(20)  Phonological Representation of Mandarin Tone

Tone 1 Tone 1 Tone 3 Tone 1
a.

H + H > /l\ + H

VAN /N VAN

h I h | | h h |

To‘ne 3 To‘ne 3 To‘ne 2 To‘ne 3
b.

AR TR A

/N
I h | h | h | h

With the above single-phonological-unit viewpoint of tonal representations as backdrop, in
Huai'an, the fact that both derived Tone 3 and underlying Tone 3 can trigger Tone 3 sandhi suggests
that a derived Tone 3 is phonologically identical to underlying tone 3. In fact, to the best of my
knowledge, | am not aware of any Mandarin languages where only underlying Tone 3 triggers
Tone 3 sandhi, and not derived Tone 3 - this would be a correlation that is accounted for by
analyzing it as phonological neutralization. However, a phonetic difference on any part of the
contour between a derived contour tone and its underlying counterpart indicates phonetic
incomplete neutralization of the whole contour tone unit. In the case of Tone 1 and Tone 4 sandhis
in Huai’an, there is a clear phonetic difference at the tonal offset position as shown in Experiment
1land 2.

Based on the above, | would like to explicitly acknowledge that my claims in the dissertation
about incomplete phonetic neutralization in the face of complete phonological neutralization are
contingent on the phonological representations we have assumed. As | see it, it cannot be any other
way. Note, the argument for incomplete neutralization in any language depends on a certain set of

assumed phonological representations. For example, in German, the interpretation of incomplete
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neutralization depends on the devoicing rule actually resulting in a [-voice] feature (or equivalent).
If the devoicing process results in some other phonological representation with similar phonetics,
then the whole issue of incomplete neutralization vanishes, and there is no need to entertain any
more gradience in the phonological system to explain the observed phonetic patterns. In fact, a
version of such a featural account is implied by Hale et al. (2007), who argue that language-specific
phonetics can in fact be accounted for by different phonological feature combinations. Similarly,
in Huai'an, it is possible to explain what is observed in the phonetics by changing or adding new
phonological representations, but then of course independent evidence of the same representations
in the language or in other related languages generally needs to be provided, otherwise it becomes
an ad hoc, and therefore unjustified, claim. More generally, any set of representations or
computations cannot simply be post-hoc accounts of the data/patterns but need to be independently

justified claims.
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CHAPTER 3 PHONETICALLY IDENTICAL FORM CAN HAVE DIFFERENT

PHONOLOGICAL BEHAVIORS

3.1 More background

For this chapter, | will present experimental evidence again from Huai'an tone sandhi to argue
that phonetically identical forms can have different phonological behaviors. Therefore,
phonologically different surface forms do not necessarily correspond with different phonetic
distributions, which undermines Statement 2 in (1). If this argument can be established, it would
also mean that some distinctions in phonological representations do not necessarily have
consequences in the relevant phonetics. | will elaborate on the analysis assuming the distinction in
phonological representations in Chapter 4 under Section 4.2. | will also state another possibility in
Section 4.2 where prosodic structures, instead of the phonological representation difference, can
explain the effect observed in Chapter 3.

As mentioned in Chapter 1, it is logically impossible to assert phonetic identity between two
phonological elements due to the possibility of an infinite number of phonetic cues. However, in
this dissertation, | assume that if two phonological entities are identical in all functionally
important phonetic cues, phonetic identity can be argued for. If a native speaker make use a single
phonetic cue to distinguish among relevant similar phonemes, this phonetic cue should be defined
an important cue.

In Mandarin languages, fO, duration and intensity should be recognized as the important
phonetic cues for lexical tone. There is evidence that native speakers of Mandarin languages rely
solely on fO contour to distinguish tones (Howie, 1976; Tupper et al., 2020), fO contour identity

can arguably indicate phonetic identity. Besides the FO contour, there is experimental evidence
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that native speakers can make use of only intensity or only duration to distinguish tones (Fu &
Zeng, 2000; Whalen & Xu, 1992 for intensity; Blicher et al., 1990 for duration). If two tones are
identical in these three dimensions, it is perhaps reasonable to argue for phonetic identity. In the
Huai'an case, the crucial comparison is between derived Tone 3 from Tone 4 at the lexical level
and derived Tone 3 from Tone 4 at the post-lexical level. I will show that the two derived Tone 3s
are indeed indistinguishable with regard to O, duration and intensity in Experiment 3.

Despite being arguably phonetically identical, | will show that the two derived Tone 3s have
different phonological behaviors, which is indicated by different rates of triggering another Tone
3 sandhi process. The comparison is made between derived Tone 3 from Tone 4 at the lexical level
and derived Tone 3 from Tone 4 at the post-lexical level. It is worth noting that | argued in Chapter
2 that triggering rates of tone sandhi processes need not be used to infer phonology. However, in
this specific case where the comparison is made between the same phonological processes and
under the same experimental paradigm. It may be reasonable to analyze that the triggering rate of
Tone 3 sandhi can function as indicator of phonological behaviors, therefore different triggering
rates of Tone 3 sandhi indicates phonological difference between two described derived Tone 3s.
I will introduce the experimental paradigm in detail in Section 3.2.

The two tone sandhi rules that are related to this chapter are shown in (21). Importantly, the
high-register Tone 4 sandhi optionally applies at both the lexical level and the post-lexical level.
To be more specific, Tone 4 sandhi applies at the right edge of noncompositional words and the
right edge of an utterance as shown in (22a) and (22b) (Du & Lin, 2019). All syllables used in (22)
except (22d) are underlyingly Tone 4. In (22a), [o-ta-li-ia] is an noncompositional word, Tone 4
sandhi applies at the penultimate syllable with reference to the last syllable of this

noncompositional word. This syllable that undergoes Tone 4 sandhi does not change when [o-ta-
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li-ia] forms a compound word with another monosyllabic word to the right. In (22b), each syllable
forms a separate word by itself, so the Tone 4 sandhi clearly applies at the post-lexical level. Tone
4 sandhi applies at the penultimate syllable with reference to the last syllable of the utterance.
Moreover, when the noncompositional word in (22a) is the penultimate word of an utterance and
the last word is monosyllabic as in (22c), only lexical Tone 4 sandhi applies. Post-lexical Tone 4
sandhi ceases to apply probably to avoid adjacent Tone 3 syllables. Here the noncompositional
word is marked by square brackets and is not located at the right edge of the utterance. Lexical
Tone 4 sandhi applies at the right edge of the noncompositional word to make the fifth syllable a
described Tone 3. Although the last two syllables of the sentences are both Tone 4, post-lexical
Tone 4 sandhi fails to apply to avoid the marked form of Tone 3 sequence at any positions of an
utterance. Under Optimality Theory (Prince & Smolensky, 1993), this can again be explained by
the employed *Tone3Tone3' constraint. which is based on the Obligatory Contour Principle. This
constraint prevents adjacent Tone 3 syllables (C.-Y. Wang & Lin, 2011; Zhang, 1997; see also M.
Y. Chen, 2000 for using this constraint in an implicit fashion). When the non-compositional word
with all syllable being Tone 4 in (22c¢) is replaced with another non-compositional word with the
last two syllables being Tone 2 and Tone 4 as in (22d), Tone 4 sandhi applies at the end of the
utterance. This further proves that post-lexical Tone 4 sandhi fails to apply in (22c) to avoid Tone
3 sequence.

Overall, it is clear that there are two mechanisms of applying Tone 4 sandhi, namely at the
lexical and the post-lexical levels. A single mechanism of Tone 4 sandhi that is only applicable at

the right edge of an utterance cannot explain the patterns in (22a) and (22c).
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(21) Relevant tone sandhi rules in Huai'an Mandarin (Y. Wang & Kang, 2012)
a. Low-register tone sandhi
Tone 3sandhi: T3+ T3 > T2+ T3
b. High-register tone sandhi [optional processes]

Tone 4 sandhi: T4+ T4 > T3+ T4

(22)  The application of Tone 4 sandhi at different levels

a. The application of Tone 4 sandhi at the lexical level

o-ta-li-ia o-ta-li-ia lu
‘Australia’ ‘Australia Avenue'
Morphological structure [o-ta-li-ia] [[o-ta-li-ia] [lu]]
UR TATATATA TATATATATA
SR TATAT3T4 TAT4T3T4T4

b. The application of Tone 4 sandhi at the post-lexical level
lu ) tso Zow
Mr. Lu want cook meat
'Mr. Lu wants to cook meat'
UR T4T4T4T4

SR T4T4T3T4
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c. The boundary effect of noncompositional word

UR

SR

lu tehy  [o-ta-li-ia] ko
Mr. Lu go Australia live

‘Mr. Lu goes to Australia to live.'
TATA[TATATA T4 T4

TATA[TAT4AT3T4] T4

d. Application of Tone 4 sandhi across the boundary of noncompositional word

UR

SR

Also, as partially stated in Chapter 2, Tone 4 sandhi is only applicable when the two syllables
involved belong to the same phonological phrase at the post-lexical level or prosodic word at the
lexical level. At the post-lexical level, as stated in Chapter 2, the low-register Tone 3 sandhi is
mandatory only when the syllable that undergoes tone sandhi and the following syllable that
triggers tone sandhi are in the same phonological phrase. In Huai'an, like many other Mandarin
languages (C.-Y. Wang & Lin, 2011), the boundary between subject and predicate may block the

formation of a phonological phrase. Therefore Tone 3 sandhi is optional across the boundary

lu tehy  [teia-li-fo?-ni-ia] ko
Mr. Lu go California live

'Mr. Lu goes to California to live.'
TATA[TLIT3TLIT2T4] T4

TATA[T1IT3T1T2T3] T4

between subject and predicate in Huai'an.

Crucially, the described Tone 3 outputs of the Tone 4 sandhi process at both levels feed the

low-register Tone 3 sandhi process as in (23). Since Tone 4 sandhis at both levels are optional and
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Tone 3 sandhi is also optional given different possible prosodic structures for utterances in (23),
multiple surface representations are possible for both examples. In (23a), the last two syllables
form a single word and they combine with the monosyllabic subject to become a sentence.
Therefore the Tone 3 is derived at the lexical level. While in (23b), each syllable forms a separate
word by itself, so the Tone 3 is clearly derived at the post-lexical level. The wordhood of the last
two syllables in (23a) is confirmed by the test of Conjunction Reduction?®, which is a phrasal-level
rule according to C.-T. Huang (1984). Conjunction Reduction is argued by C.-T. Huang to apply
to coordinated phrases but not to coordinated words in both English and Chinese languages. To
give an example in English, it is grammatical to say 'used and new books' to mean used books and
new books; but it is ungrammatical to say ‘New York and Orleans' to mean the city New York and
the city of New Orleans. To apply this test in Huai’an, for the two examples in (23), it is possible
to apply Conjunction Reduction to the last two syllables in (23b), as shown in (24b). But it is not
possible to apply this rule to the last syllables in (23a), as shown in (24a). Although both [pa-ts&]
and [pa-lin] are words, it is not possible to extract their common part and connect the left. This
suggests [to zow] in (23b) is at the phrasal level while [pa-tsa] in (23a) is a single word and not at

the phrasal level.

2 This is a term created by C.-T. James Huang (1984), and | follow his terminology here. | do not use 'reduction’ as
a computation term here.
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(23) Feeding Order in Huai’an Mandarin (boldface represents the locus of a potential tonal
change due to the relevant tone sandhi process; the data is from the author)
a. Tone 4 sandhi feeds Tone 3 sandhi at the lexical level

u pa-tsa
Mr. Wu forcibly occupy

'Mr. Wu forcibly occupy (something).’

UR T3T4T4

Tone 4 sandhi T3T3T4 (or) T3T4T4
Tone 3 sandhi T2T3T4 (or) T3T3 T4 T3T4T4
SR T2T3T4 (or) T3T3 T4 (or) T3T4 T4

Corresponding
Prosodic Structure (T2 T3 T4), o(T3)s o(T3 T4)s o(T3 T4 T4)s

8(T2)o o(T3 T4)s 8(T3)o o(T4 T4)s

b. Tone 4 sandhi feeds Tone 3 sandhi at the post-lexical level

u to Zow
Mr. Wu chop meat

'Mr. Wu chops meat.'

UR T3T4T4

Tone 4 sandhi T3T3T4 (or) T3T4T4
Tone 3 sandhi T2T3T4 (or) T3T3T4 T3T4T4
SR T2T3T4 (or) T3T3 T4 (or) T3T4 T4

Corresponding
Prosodic Structure (T2 T3 T4), o(T3)e o(T3 T4)s o(T3 T4 T4)s

8(T2)s o(T3 T4)s o(T3)o o(T4 T4)s
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(24) a *o pa tse hu Tlin
1sg forcibly occupy and bully

Intended: “I forcibly occupy and bully.”

b. o to zow hu tshe
1sg chop meat and vegetables

'l chop meat and vegetables.'

In the next section, | will present that, for trisyllabic utterances as in (23), the two described
derived Tone 3s at different levels trigger Tone 3 sandhi at different rates. Again, different my
argument in Chapter 2, | here analyze the triggering rate of Tone 3 sandhi in this specific case
functions as indicator of phonological behaviors. In this case, Tone 3 sandhi applies across the
boundary between subject and predicate at both levels. Also, one performance factor identified in
Huai'an is also controlled. The planning difficulty effect caused by long utterance, as a
performance factor and discussed in Chapter 2, should not have an influence here. For Tone 3
sandhi to apply before derived Tone 3 at both levels, a trisyllabic phonological phrase is needed
where both high-register Tone 4 sandhi and low-register Tone 3 sandhi occur. Overall, it is difficult
to assign the difference in triggering rate to prosodic boundary strength or utterance length, which
are usually used to explain variation in phonological processes in previous literature (Kilbourn-
Ceron & Goldrick, 2021; Tanner et al., 2017; Wagner, 2012). Therefore application rate
differences, which I will show in the next section, will provide good evidence for my argument
that described derived Tone 3s at both levels are phonologically different. In the next section, |
will also present experimental data for the described derived Tone 3s at both levels being

phonetically identical with regard to fO contour, duration and intensity contour.
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3.2 Experiment 3
3.2.1 Participants

| recruited 5 native speakers of Huai'an Mandarin also via personal relationships in Huai’an
City. The age range was from 53 to 58 years old. Again, to minimize the influence of Standard
Mandarin, | avoided younger speakers in this study. Among them, 2 self-identified as female, and
3 as male. 3 speakers had participated in the pilot experiment for Experiment 1 and the other 2
speakers had participated in Experiment 2. The interval between pilot experiment and Experiment
3 was about 18 months, and the interval between Experiment 2 and Experiment 3 was about 10
months; all 5 participants were not told and failed to guess the purpose of Experiment 3. Like
Experiments 1 and 2 (in Chapter 2), all the participants were born and raised in Huai'an City. Other
speakers have not participated in any linguistic studies before or heard about the concept of

phonology or phonetics.

3.2.2 Stimuli

The stimuli are first divided into two groups. Group 1 is composed of trisyllabic sentences with
a monosyllabic subject and a disyllabic verb like that in (23a) and Group 2 is composed of
trisyllabic sentences with each syllable forming a separate word like that in (23b). Each group is
further divided into four sets, which were organized in the same way as in Experiments 1 and 2.
The four sets of trisyllabic sentences are shown in (25), and the full stimulus list is summarized in

APPENDIX C.
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(25) Four sets of stimuli in each group in Experiment 3 [the syllables crucial for the current
comparison in each group are underlined and boldface]
a. underlying T3 following underlying T2: /T2 T3 T4/ > [T2 T3 T4]
b. underlying T3 following underlying T3: /T3 T3 T4/ > [T2 T3 T4]
c. derived T3 following underlying T2: [T2 TATAl > [T2T3 T4] or [T2 T4 T4]

d. derived T3 following underlying T3: [T3T4A T4/ > [T2T3 T4] or [T3 T4 T4]

The crucial comparison is between derived Tone 3s in both groups, namely the derived Tone 3s
exist in (25c) and (25d) in both groups. Since triggering rate of Tone 3 sandhi is employed to
indicate phonological behaviors, 1 will not exclude derived Tone 3 tokens that do not trigger Tone
3 sandhi as in Experiment 1 and 2.

Each participant produced 4 repetitions of 40 test sentences at natural speech rate with 8 fillers,

which means the total number of utterances a participant has read is 192.

3.2.3 Procedure

The procedure was identical to that of Experiment 1 and 2.

3.2.4 Measurement

The recordings were also manually annotated by the author and with the same scheme as in

Experiment 2. An example is shown in Figure 11.
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Figure 11: Annotation of Experiment 3 (Tone 4 sandhi at the lexical and the post-lexical levels)

3.2.5 Results and statistical modelling

The number of tokens for each possible combination of Underlying Representation and Surface
Representation at both the lexical and the post-lexical levels is summarized in Table 10 and Table
11. The application rate of Tone 3 sandhi before derived Tone 3 at the lexical level is 26.7% while
the application rate before derived Tone 3 at the post-lexical level is 47.8%. At the lexical level, 7
tokens were not marked as 'good' and excluded, which accounts for 1.2% of all test stimuli. At the
post-lexical level, 2 tokens were not marked as ‘good' and excluded, which accounts for 0.5% of
all test stimuli. It is obvious that the application rate of Tone 3 sandhi before derived Tone 3 at the
lexical level is lower than that at the post-lexical level.

In this experiment, triggering rates of Tone 3 sandhi on the first syllable are assumed by me to

be phonologically meaningful and I trusted my annotation completely. | treated all annotated
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derived Tone 3s at the position of the second syllable as Tone 3 when calculating triggering rates
of Tone 3 sandhi and doing phonetic analysis. This means I did not treat derived Tone 3s that do
not trigger Tone 3 sandhi as surface Tone 4. In Table 10, for the annotation surface forms of 'Tone
3 Tone 3 Tone 4', the annotated derived Tone 3 on the second syllable is treated as Tone 3. Similar
practice is also employed in Table 11. | have shown in Experiment 2 that my annotation is reliable,

So it is reasonable to continue to trust my annotation in Experiment 3.

UR SR Number of tokens
T2T3T4 T2T3T4 7
T3T3T4 T3T3T4 6
T3T3T4 T2T3T4 110
T2TAT4  T2T4T4 50
T2TAT4 T2T3T4 48
T3T4AT4  T3T4T4 16
T3T4T4 T3T3T4 63
T3T4AT4 T2T3T4 23

Table 10: Number of Tokens for UR and SR combination at the lexical level
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UR SR Number of tokens

T2T3T4 T2T3T4 99
T3T3T4 T3T3T4 2

T3T3T4 T2T3T4 97
T2TAT4  T2T4AT4 48
T2TAT4  T2T3T4 52
T3T4T4  T3T4T4 10
T3T4T4  T3T3T4 47
T3TAT4  T2T3T4 43

Table 11: Number of Tokens for UR and SR combination at the post-lexical level

The number of tokens for derived Tone 3 triggering and not triggering Tone 3 sandhi at both
levels for each speaker is summarized in Table 12. And the triggering rate for each speaker is
summarized in Table 13. For all participants except Speaker 1, derived Tone 3 at the post-lexical
level triggers Tone 3 sandhi at a higher rate than derived Tone 3 at the lexical level. For speaker
1, the two derived Tone 3s trigger Tone 3 sandhi at the same rate. Therefore, it is safe to assert that
derived Tone 3 at the post-lexical level indeed triggers Tone 3 sandhi at the higher rate than derived
Tone 3 at the lexical level, Again, itis difficult to assign the difference in triggering rate to prosodic
boundary strength or utterance length, which are usually used to explain variation in phonological
processes. Therefore such difference is more likely to be analyzed to be meaningful in the

phonology.
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Lexical Level Post-Lexical Level
Speaker Yes No Yes No
1 3 15 3 15
2 3 15 11 9
3 5 10 7 9
4 2 17 7 12
5 10 6 15 2

Table 12: Number of tokens for derived Tone 3 triggering and not triggering Tone 3 sandhi at the

lexical and the post-lexical levels (by speaker)

Speaker Lexically derived Tone 3 Post-Lexically derived Tone 3
triggering Tone 3 sandhi triggering Tone 3 sandhi
1 16.7% 16.7%
2 16.7% 55.0%
3 33.3% 43.8%
4 10.5% 36.8%
5 62.5% 88.2%

Table 13: Rate of derived Tone 3 triggering Tone 3 sandhi at the lexical and the post-lexical

levels (by speaker)

I will then show that the two derived Tone 3s, which arguably have different phonological
behaviors, are indistinguishable in all important phonetic cues. These cues include f0, duration and

intensity.
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With regard to fO, the z-score transformed fO contours on the crucial second syllable are shown
in Figure 12. Again, the crucial comparison is between a derived Tone 3 at the lexical level and a
derived Tone 3 at the post-lexical level. Based on visual inspection of the data, the derived Tone

3s at both levels are indistinguishable.

level

@ Lexical
0.01
4 Post-Lexical

fO value (z-score transformed)

Percentage ste'p of pitch contour

Figure 12: Contours comparison of the second syllable in Experiment 3

(Error bars indicate standard error)

The modelling method remains the same as in Experiment 1 and 2, and four models are
generated. | first treated the two derived Tone 3s as the same and modelled them as one single
contour to get Model 1. Then I built models that treat them as different, namely, models that
include a level condition (derived Tone 3 at the lexical level vs. derived Tone 3 at the post-lexical
level) to do model comparison. Based on Model 1, level condition is first allowed to affect only
intercept to get Model 2. Then level condition is allowed to affect both intercept and linear term

to get Model 3. Finally, level condition is allowed to affect all fixed effects, which include intercept,
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linear term and quadratic term, and the outcome is Model 4. Chi-square likelihood ratio test was
used to determine whether two minimally different models differ significantly.

The observation of identical phonetic distribution is supported by model comparisons. The
addition of a level condition does not improve the model on the intercept as shown by comparing
Model 1 and Model 2 (x2(1)=0.15, p=0.70), or the linear term as shown by comparing Model 2
and Model 3 (x?(1)= 0.16, p=0.69) or the quadratic term as shown by comparing Model 3 and
Model 4 (x%(1)<0.01, p=0.98). Figure 13 shows how the base model (Model 1) with the assumption
of level not affecting every fixed effect fits the observed data. And the parameter estimates for the

base model, namely Model 1, are summarized in Table 14.

0.54

Level

0.04 ‘ Lexical
A Post-Lexical

fO value (z-score transformed)

-IJ'I‘.. 2!’;: 3 EIJI“L 75I“u H]E:‘1
Percentage step of pitch contour

Figure 13: Observed data and Growth Curve Model fits for derived Tone 3s at the lexical and the

post-lexical levels (Error bars indicate standard error)

80



Estimate  Std. Error t p

Intercept -0.01 0.02 -0.38 0.71
Linear -15.65 3.74 -4.18 0.01
Quadratic 0.80 0.80 1.01 0.36

Table 14: Parameter estimates of the base model (Model 1) with the assumption of level not

affecting every fixed effect3°

The phonetic identity is also supported by comparing raw fO. The mean difference in fO
between underlying Tone 3 and derived Tone 3 across all steps is only 5 Hz, which is less than the
Just Noticeable Difference of fO value (7 Hz) for Mandarin speakers (Jongman et al., 2017). Also,
across all steps except the first one (step 1 to step 20), the fO difference is less than 7 Hz. The fO
difference (fO of derived Tone 3 at the post-lexical level - fO of derived Tone 3 at the lexical level)
of each step is summarized in Table 15. Again, | acknowledge that some previous studies on
incomplete neutralization have shown that phonetic differences that are smaller than the relevant
Just Noticeable Difference are still perceptually distinguishable (Port & O’Dell, 1985; Warner et

al., 2004; inter alia). Perceptual studies in the future are needed in Huai'an to settle this issue.

301t is worth noting here the quadratic term is not significant, therefore statistically, intercept and linear term are
enough to model the z-score transformed fO contours here. However, as shown in Experiment 2, derived Tone 3 from
Tone 4 in Huai'an needs quadratic term to model. to be consistent, | also employed quadratic term here. Adding more
terms should not change the results of model comparison.
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Step fO difference (Hz) Step O difference (Hz)
0 8 11 4
1 4 12 4
2 4 13 3
3 5 14 6
4 5 15 5
5 4 16 5
6 4 17 3
7 4 18 6
8 5 19 5
9 6 20 4

10 5

Table 15: fO Difference of each step in Experiment 2 (Tone 4)

Since all critical syllables measured were always a voiceless unaspirated stop plus vowel
sequence. It is not unreasonable to use vowel duration to represent tone duration. The distributions
of z-score transformed duration are shown in Figure 14. Based on visual inspection of the data, the
two derived Tone 3s seem to be different with regard to vowel duration. The vowel duration at the
lexical level is slightly longer than that at the post-lexical level. However, Paired t-test shows that
such difference is not statistically significant different: t(4)=0.59, p=0.59. Moreover, the
distributions of raw durations of the two derived Tone 3s almost perfectly match as shown in

Figure 15. And the difference of means of raw duration is only 0.2 milliseconds. It is hard to
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imagine that native speakers can make use of such small difference to distinguish derived Tone 3s

at the lexical and the post-lexical levels.

0.54
0.04 |
-0.54

T T
Lexical Post-Lexical

Level condition

Duration value (z-score transformed)

Figure 14: Comparison of z-score transformed duration of the two Tone 3s in Experiment 3

3001 |
2004 |

1004

Duration value (in milliseconds)

T v
Lexical Post-Lexical

Level condition

Figure 15: Comparison of raw duration of the two Tone 3s in Experiment 33!

3Lt is worth noting that here durations at both lexical and post-lexical levels are bimodal. Part of the source comes
from interspeaker variation. The raw duration by speaker is shown in APPENDIX G. For individual, the distributions
of duration are generally unimodal.
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With regard to intensity, the z-score transformed intensity on the crucial second syllable are
shown in Figure 16. Based on visual inspection of the data, the derived Tone 3s at both levels are

indistinguishable with regard to intensity.

level

@ Lexical
4 Post-Lexical

dB value (z-score transformed)

T T T
25% 75% 100%

Percentage step“of' intensity contour

Figure 16: Intensity contours comparison of the second syllable in Experiment 3

(Error bars indicate standard error)

For statistical analysis, it turns out that Paired t-test suggests no statistically significant
difference at all steps. The results are summarized in Table 16. Recall in Chapter 2, | stated the
problem of dividing continuous time into multiple time bins to do statistical analysis. Such method
has to make multiple comparisons, which is problematic for increasing the risk of ‘false positives'.
Since each time bin incurs the nominal 5% false positive rate implied by 'p < 0.05', overall, the
false positive rate with multiple time bins and multiple comparisons will be much higher than a
single comparison. Therefore, with this method, derived Tone 3s are more likely to analyzed to be
different. In the current case of analyzing intensity, even with such method where a positive result

has a better chance to appear, no positive results are returned by the Paired t-test. Therefore, it is
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highly unlikely that the two derived Tone 3s differ in intensity. Although intensity, like fO, is
measured as time-varying data, | did not employ Growth Curve Analysis (GCA) (Mirman, 2017;
Mirman et al., 2008) to analyze intensity due to the lack of theoretical basis. Recall for f0, it is
widely assumed in previous literature that the most complex fO contour for Mandarin tones can
only have one change of direction and produce U-shaped contours (Bao, 1990, 1992; Duanmu,
1994; inter alia). Based on this, | only considered up to second-order function to ensure that the
final model is not more complex than a U-shape contour. In contrast, the study on the intensity of
Mandarin tones is rare. It is not clear what the most complex intensity contour should look like.
Therefore, 1 am not sure up to what level of higher-order function should be considered, and |
chose a different method to do statistical analysis.

The difference in raw intensity is summarized in Table 17 (intensity at the post-lexical level -
intensity at the lexical level). The largest difference at step 20 is only 0.38 dB. Again, it is hard to
imagine that native speakers can make use of such small difference to distinguish derived Tone 3s

at both levels.

Step df t p Step df t p
0 4 -0.56 0.61 11 4 -0.52 0.63
1 4 -0.13 0.91 12 4 -0.62 0.57
2 4 0.30 0.78 13 4 -0.50 0.65
3 4 0.77 0.49 14 4 -0.36 0.74
4 4 0.74 0.50 15 4 -0.20 0.85

Table 16: Paired t-test results for all steps

(Intensity, baseline: derived Tone 3 at the post-lexical level)
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Table 16: (cont'd)

5 4 0.25 0.82 16 4 -0.31 0.78
6 4 -0.14 0.90 17 4 -0.33 0.76
7 4 -0.31 0.77 18 4 -0.04 0.97
8 4 -0.39 0.72 19 4 0.11 0.92
9 4 -0.38 0.72 20 4 0.24 0.82
10 4 -0.32 0.77
Step intensity difference (dB) | Step intensity difference (dB)

0 -0.07 11 0.03

1 -0.12 12 0.02

2 -0.08 13 >-0.01

3 -0.12 14 -0.08

4 -0.13 15 -0.12

5 -0.04 16 -0.08

6 0.03 17 -0.10

7 0.10 18 -0.24

8 0.13 19 -0.29

9 0.09 20 -0.38

10 0.03

Table 17: Intensity difference of each step in Experiment 3
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Overall derived Tone 3s at both levels are indistinguishable also with regard to duration and

intensity. Therefore | can be more sure that these two Tone 3s are indeed identical phonetically.

3.3 Interim discussion

With regard to using application rate of Tone 3 sandhi to infer phonological behavior, concerns
may still be raised with regard to performance factors. Considering the number of performance
factors that have been identified to affect speech production, the chance is high that there are a lot
more unidentified performance factors. Therefore the possibility can never be ruled out that the
differences in application rates may be caused by one of the performance factors. While such an
argument being logical, it is certainly not precise or accurate enough. And the responsibility is on
researchers to identify the exact performance source that causes the differences in application rates.
Due to the limitation of the current dissertation, | cannot identify other reasonable performance
factors for the Huai'an case. I believe it is at least reasonable at the current stage to see if an analysis
of the differences in application rate of Tone 3 sandhi in terms of differences in phonological
representation is possible. I will return to this issue in Chapter 4 under Section 4.2.

In the future, to further confirm that phonetically identical forms can have different
phonological behaviors, more evidence from different languages are needed with different

methods to establish phonological inequality.
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CHAPTER 4 THE EXPLANATION FOR THE OBSERVED GAP BETWEEN

PHONOLOGY AND PHONETICS®

4.1  The explanation for incomplete neutralization
4.1.1 Desiderata for any explanation for incomplete neutralization

With the two clear cases of incomplete neutralization shown in Experiments 1 and 2, the next
step is naturally the explanation for incomplete neutralization, i.e. why phonologically identical
forms can have different phonetic distributions. First of all, I would like to lay out the desiderata
stated in Du and Durvasula (accpeted) that any explanations of incomplete neutralization must

achieve before discussing previous explanations and introduce the current explanation.

(26)  Desiderata for a theory of incomplete neutralization

a. The simplest explanation of why incomplete neutralization exists as a phenomenon.

b. An explanation for the actual distribution of effect sizes among different phonological
processes.

c. An explanation of why 'over-neutralization' is never observed.

d. An explanation of how a feeding interaction is possible where the derived
representation still incompletely neutralizes with the element that triggers the process.

e. Related to (d), an explanation of why incompletely neutralized segments can trigger

the process, but other phonetically similar segments do not.

32 part of this chapter comes from my collaborative work with Karthik Durvasula, see reference (Du & Durvasula,
accepted).
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First, to ensure the priority of a relatively simple theoretical model, explanations that can solve
the problem while retaining a relatively simple phonological model should be considered first
(Occam's razor/law of parsimony). Consequently, if independently needed performance
mechanisms have the potential to account for the observation of incomplete phonetic neutralization,
they should be prioritized. Consistent with this principle, in the current study, the difference in
Tone 3 sandhi application rates is assigned to independently needed performance factors of
phonological planning, and therefore there is no need to complicate our understanding of the
relevant phonological (tonal) representations. For the explanation of incomplete neutralization,
beyond previously identified factors such as orthography and task effects, performance factors in
my opinion that need to be explored further include phonological planning (Kilbourn-Ceron &
Goldrick, 2021; Tanner et al., 2017; Wagner, 2012), cascaded activation of morphemes during
production (Goldrick & Blumstein, 2006) and variability of phonological process. I will show in
this dissertation that variability can trigger incomplete neutralization with large effect size.

The second challenge facing theories of incomplete neutralization is the systematic disparity
in effect sizes (26b). Any proposed theory should explain among the observed cases why effect
sizes of incomplete neutralization are rather small in devoicing processes (as in German, Dutch,
Russian...), but can be quite large as in Huai'an tone sandhis or Japanese vowel lengthening.
Related to (26a), it is optimal to assign such disparity to independently needed performance
mechanisms.

The third challenge is that the proposed explanation should not only predict cases of
'incomplete neutralization' where the derived category is phonetically close to an underlying
category (and in fact, between the phonetic manifestation of two underlying categories — its own

UR and the phonological representation it is putatively changing to), but also avoid predicting
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cases of 'over-neutralization' where the degree of application is beyond the phonetic distribution
of the underlying category it is neutralizing to (26c). Back to the case of German devoicing, under
the scenario of 'incomplete neutralization’, the phonetic cues of derived voiceless stops fall
between underlying voiceless stops and underlying voiced stops. While under the scenario of 'over-
neutralization', the phonetic cues of underlying voiceless stops fall between derived voiceless stops
and underlying voiced stops. However, only ‘incomplete neutralization' has been observed in
examined languages including Huai'an. This observation would be particularly problematic for
purely exemplar representations (Brown & McNeill, 1966; Bybee, 1994; Goldinger, 1996, 1997;
Port & Leary, 2005, Roettger et al., 2014; inter alia). Many previous theories account for the
absence of 'over-neutralization' by proposing some mechanism where phonetically incomplete
neutralization is simply intermediate between two representations as it results from a blend of all
phonetic cues of two distinct representations (Anderson, 1975; Braver, 2019; Gafos & Benus, 2006;
Nelson & Heinz, 2022; Smolensky et al., 2014; Van Oostendorp, 2008).23 Such theories are either
not specific enough, or other independently needed mechanisms need to incorporate to capture the
systematic disparity in effect sizes illustrated in the previous challenge (26b).

The fourth challenge that any theory of incomplete neutralization faces is to explain how a
feeding interaction is possible where the derived representation still incompletely neutralizes with
the element that triggers the process (26d). In the case of Huai'an, the Tone 3 output of the high-
register tone sandhi processes can feed the low-register Tone 3 sandhi process as in (10) despite
incompletely neutralizing with underlying Tone 3 in the phonetics. Any categorical theory of
phonological representations naturally accounts for this as is observed rule process/rule

interactions. Of course, it is possible for a theory of gradient phonological representations to do so

33 Note, typically, incomplete neutralization is argued to be a blend of the surface representation and the underlying
representation, or the surface representation and a base representation, or two co-activated surface representations.
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too; however, to assess the effectiveness of such a theory, one needs to grapple with the specifics
of the representations and computations proposed. Back to the issue of Tone 3 sandhi application
rate difference, if one were to propose that the differential application rates are a consequence of
gradient phonological representations, where phonetic proximity triggers application of a process,
then one has to address two things: first, why do we see the gradience in application rates with the
derived category but not with the underlying category, though both vary in terms of phonetic
manifestations?; second, we need to ensure that other phonetically similar sounds do not trigger
the process too (26e). For example, in German, though both voiced obstruents and sonorants are
phonetically voiced, only voiced obstruent devoice at the right edge of a prosodic word. One may
grant that the distinction between obstruents and sonorants is a difference in phonological
representations, however, by making use of such distinction, a view of category is implicitly

implemented.

4.1.2 Previous explanations for incomplete neutralization

Recall in Section 1.2.1 that the definition of incomplete neutralization is two-fold and involves
both the phonology and the phonetics. A neutralization process should be classified as incomplete
neutralization only when it has been argued to be complete in the phonology but incomplete in the
phonetics. 3+ Therefore, the explanation of incomplete neutralization can logically lie in the
phonology or the phonetics or their interface. It turns out proposals have been made in all these

three fields.

34 What | mean here about phonological completeness is that the neutralization can be analyzed as complete under the
traditional formal phonology where categorical phonological representation is assumed.
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4.1.2.1 Explanations within phonology

The explanations inside phonology generally involve introducing gradience into the
knowledge level (McCollum, 2019; Roettger et al., 2014; inter alia). Under such a framework, the
assumption of categorical phonological representation in the Standard generative view of
Phonology is dropped, and fine-grained gradient information is allowed inside phonology. A
consensus has not been reached by previous studies on how to incorporate gradience inside formal
phonology (Lionnet, 2017; Pierrehumbert et al., 2000; Silverman, 2006; Tucker & Warner, 2010),
but McCollum (2019) argues that some form of continuously valued variables has to employed in
order to do so. To apply this perspective to German final devoicing, phonology should not only
direct a underlyingly voiced segment to devoice, but also state to what the degree the devoicing
process should occur to distinguish the derived voiceless segment from its underlying counterpart.

Despite the fact that the observed effect of incomplete neutralization can get a straightforward
explanation by incorporating gradience into phonology, by violating Occam’s razor/law of
parsimony (26a), the proposed new theory also becomes much weaker and predicts many more
possible grammars. To appreciate this statement, under the Standard generative view of
Phonology, only one grammar is possible for the final obstruent devoicing process like that in
German, namely the [+voice] feature in the underlying representation should disappear completely
in the surface. In contrast, under the proposed new theory of gradient phonology, an infinite
number of grammars are possible, differentiating on the degree to which the devoicing is
demanded to happen. The second issue with this framework is that it does not offer a satisfying
explanation for the systematic disparity in effect sizes as stated in (26b). If an infinite number of
grammars are available and are presumably equally possible, then it is highly unlikely that the

actual distribution of grammars is like what has been discovered. The third issue is that this
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framework can potentially predict cases of 'over-neutralization' as stated in (26¢) since phonology
can directly demand to what the degree a phonological process apply in the phonetics. However,
only 'incomplete neutralization' has been observed in previously examined languages, which is in
contrast with this prediction. The last issue, as discussed under (26d), is that such framework
cannot offer a satisfying explanation for how a feeding interaction is possible under the condition

of incomplete phonetic neutralization.

4.1.2.2 Explanations inside phonology-phonetics interface

The explanations aiming to revise the mechanism of phonology-phonetics generally involves
revising what phonetics can see inside phonology. As noticed by many previous researchers, the
direction of incomplete neutralization is almost always towards the underlying representation
before derivation (Gouskova & Hall, 2009; Van Oostendorp, 2008). Again to take the German
devoicing case as an example, all examined phonetic cues of derived voiceless stops deviate from
underlying voiceless stops and head towards underlying voiced stops. In the light of this, the
proposal has been made that both underlying representation and surface representation should be
available for performance. And an incomplete neutralized form is then generated by blending these
two representations (Anderson, 1975; Goldrick & Blumstein, 2006; Nelson & Heinz, 2021; inter
alia).® The first issue with this model is that it cannot predict when incomplete neutralization
occurs and when it fails to occur. If both underlying representation and surface representation are
always available to phonetics, incomplete neutralization should occur globally for any

phonological processes. But in contrast to this prediction, there are reported cases of complete

35 As pointed by Karthik Durvasula, under Oostendorp's view, the influence of underlying representation is directly
on the surface representation, which is slightly different from Anderson and Nelson & Heinz's view that the influence
of underlying representation is on the performance. These two views are highly similar in explaining the phenomenon
of incomplete neutralization.
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neutralization (e.g. Korean: Kim & Jongman, 1996). It is worth noting that later Lee (2016) extends
the study of Kim and Jongman on manner neutralization in Korean with more speakers and
measurements of more phonetic cues. Lee finds a weak effect of incomplete neutralization. Such
difference in results may point to there being no complete neutralization in natural languages.
However, the results difference in these two studies may also be due to language change
considering there is a 20 years of time span between these two studies. The difference in results
may also due to the influence of second language. Participants in Kim and Jongman's study are
students of an US university, while no participants in Lee's study stayed in a English-speaking
environment for more than a year.

The second issue is that this model also does not offers an satisfying explanation for the
systematic disparity in effect sizes as stated in (26b) and discussed under (26c¢). With no constraints
on the degree of influence from underlying representation, the produced sound can fall at any point
on the spectrum between underlying and surface representations. This is again contrary to the
observed facts. Lastly, this model is too vague to allow a understanding of the contours of derived
tones in Huai'an tone sandhis. The results in Experiment 1 and 2 show that the pattern of
incomplete neutralization cannot be simply seen as something intermediate between two
representations. The derived Tone 3s in Experiments 1 and 2 are quite different, but characterizing
their contours based on the intended surface Tone 3 and the underlying tone (Tone 1 or Tone 4
respectively) is non-trivial. The derived Tone 3 had an initial fO value close to that of an underlying
Tone 3, and the end point was similar to that of an underlying Tone 1. In contrast, in Experiment
2, the derived Tone 3 has an initial fO value close to that of an underlying Tone 4, and the end
point was intermediate between underlying Tone 4 and underlying Tone 3. These patterns cannot

be outcomes of simply blending underlying representations and surface representations.
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4.1.2.3 Explanations from phonetics

Finally, Braver (2019) proposed an explanation that falls in the realm of phonetics with the
model of Weighted Phonetic Constraint (Flemming, 2001). Under such a constraint-based
framework that is similar to Optimality Theory (Prince & Smolensky, 1993), the phonetic details
are no longer just a consequence of Universal Phonetics (Chomsky & Halle, 1968). Therefore,
phonetic values are not automatically decided and determined but can be different under the same
phonetic context for the same piece of information transferred from phonology. And Flemming
proposed that the actual phonetic value is computed by a compromise among a series of weighted
constraints at the knowledge level. There are two main motivations for assuming there is a
grammar at the knowledge level in the phonetics as well as in the phonology. First, by doing so,
the issue of language-specific variation that is omitted by standard categorical phonological
representation can be easily accounted for (Keating, 1985). Second, as pointed by Flemming
(2001), potential parallels can be drawn between phonetics and phonology in many phenomena,
and such parallels could be interpreted as suggesting that phonetics and phonology operates with
similar mechanisms and may be treated in a unified framework. An example that is relevant to
incomplete neutralization is assimilation and coarticulation. Both describe a situation where one
segment neutralize towards a neighboring segment. ¢

Utilizing this model, two constraints are proposed by Braver to solve the issue of incomplete
neutralization. The first one is a Paradigm Uniformity constraint that requires the derived form to
be similar to the morphologically related base (Benua, 1995; Burzio, 1994, 1998; Flemming, 1995;

Kenstowicz, 1995; Kiparsky, 1978; Yu, 2007). And the second one is a markedness constraint that

% It is worth noting that by employing technical tools such as electromagnetic articulography (EMA) and
eletropalatography (EPG), consistent gestural differences have been found between coarticulation and assimilation
(Shaw et al., 2021 using EMA; Solé, 2002 using EPG), which means Flemming's claim is problematic. | put aside this
flaw in the main text and continue the discussion to show other problems of the model by Flemming.
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requires a derived form to be similar to a completely neutralized target. With the above constraints,
phonetic incomplete neutralization is generated as a compromise between Paradigm Uniformity
constraint and the markedness constraint. Also by dropping the principle of strict domination of
constraints in classic Optimality Theory, different degrees of incomplete neutralization can be
achieved by varying relative weight of constraints in the compromise. Therefore, similar to the
previous two models, this model also does not provide a satisfying explanation for the systematic
disparity in effect sizes as stated in (26b).

It is worth noting that the model of weighted phonetic constraint is similar to the gradience
phonology model in the sense that both models attempt to obscure the line between phonology and
phonetics. The model of weighted phonetic constraint introduces Optimality Theory style
computation at the knowledge level into phonetics, while the gradient phonology model introduces
gradience that is typical in phonetics into phonology. The consequences are also similar. Both
types of models are much more complicated and weaker than traditional theories where categorical
phonological representation and Universal Phonetics are assumed.

To summarize for Section 4.1.2, previous explanations inside phonology or phonetics
generally involve complicating the overall knowledge system of phonology-phonetics greatly.
Other explanations that do not involve changing the knowledge system lie inside phonology-
phonetics interface mechanism, but they often cannot predict when incomplete neutralization
occurs as well as the exact effect size (Anderson, 1975; Goldrick & Blumstein, 2006; Nelson &
Heinz, 2021; inter alia). Therefore all previous explanations are not perfectly satisfying and the
explanation for the phenomenon of incomplete neutralization remains an open question. I will then
propose my explanation in Section 4.1.3 and present the empirical data that can support. I will also

present a new experiment in Chapter 5 to provide evidence for my explanation.
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4.1.3 The current explanation on incomplete neutralization

For this dissertation, | propose a different performance explanations for incomplete
neutralization cases with small effect size and with large effect size.

It is worth noting that I claimed in Chapter 1 and Chapter 2 that incomplete neutralization cases
with small effect size may not even be interpreted as incomplete phonological neutralization.
Native speakers may not be able to distinguish phonological categories using such small phonetic
difference and therefore are likely to analyze them to be in the same category in phonology anyway.
However, also as stated in this Chapter 2, some previous studies on incomplete neutralization have
shown that phonetic differences that are smaller than the relevant Just Noticeable Difference are
still perceptually distinguishable (Port & O’Dell, 1985; Warner et al., 2004; inter alia). However,
since stimuli in elicitation task always contain the minimal pairs in these studies, an unnatural
speech may be brought out where the contrast between derived form and its underlying counterpart
is exaggerated. And such unnatural speech may be the reason why native speakers can distinguish
phonological categories in the following perceptual task. This means native speakers may not use
natural speech where the phonetic contrast is rather small to distinguish phonological categories.

To be consistent with previous literature where incomplete neutralization cases with small
effect size are typically still called incomplete neutralization, | continue to use the term 'incomplete
neutralization with small effect size'. 1 employ Just Noticeable Difference as the cutting point
between small effect size and large effect size. An incomplete neutralization with an effect size
that is smaller than the corresponding Just Noticeable Difference will be called 'incomplete
neutralization cases with small effect size'. In contrast, an incomplete neutralization with an effect
size that is smaller than Just Noticeable Difference will be called 'incomplete neutralization with

large effect size'.
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For previously widely discovered cases of incomplete neutralization with small effect size (e.g.
final devoicing in German, Dutch and Russian), phonological planning effect (Kilbourn-Ceron &
Goldrick, 2021; Tanner et al., 2017; Wagner, 2012), as a performance factor, can offer a satisfying
explanation without invoking any changes to the categorical phonological knowledge (Durvasula,
2021). The central claim of the explanation is that speakers incrementally plan out the phonological
contents beyond the current morpheme or word. When this situation occurs and the phonological
details of the next morpheme or word are not immediately available, the underlying representation
of the current word will be planned as it is even though the described condition of a phonological
process is met. As time transpires, when the phonological details of the next word become
available, the phonological process applies and another surface representation emerges and can be
planned. Therefore, speakers can have two antagonistic planned surface representations for the
same underlying representation at the same time. And the output in production will be a blend of
the two surface representations. Again to take German final devoicing as an example, the recently
planned voiceless obstruent will blend with the previously surfaced voiced obstruent, causing the
output to be more voiced than a underlying voiceless obstruent and resulting in incomplete
neutralization. As Durvasula points out, the effect of more recently planned surface representation
is likely stronger due to a recency effect, so the output in production is predicted to be closer to a
typical surface representation that undergoes phonological processes, which results in a small
effect size in incomplete neutralization. Since the mechanism | will propose for incomplete
neutralization with a large effect size may also be understood as a phonological planning effect, I
use to term 'Progressive Planning Effect’ to refer to the mechanism introduced in previous literature

(Kilbourn-Ceron & Goldrick, 2021; Tanner et al., 2017; Wagner, 2012). Again, such a mechanism

98



states that speakers incrementally plan out the phonological contents beyond the current morpheme
or word.

In contrast, the large effect size in incomplete neutralization is rooted in phonological
processes that are inherently optional. In other words, optionality is the triggering factor of
incomplete neutralization with a large effect size, and | propose that only inherently optional
processes can have a large effect size in phonetic incomplete neutralization. It is worth clarifying
that I am not claiming that effect size is correlated with application rate. | will talk more about this
in Chapter 6 under Section 6.3. | believe other factors, especially phonological representations,
may play an important role in the observed effect size of incomplete neutralization in cases of
incomplete neutralization with a large effect size. In contrast with previously introduced
'Progressive Planning Effect’, | will use to term 'Contemporary Planning Effect' to refer to planning
effect caused by optionality.

Incomplete neutralization with a large effect size can be modelled under Heinz's (2020)
theoretical framework where phonological processes can have multiple outputs simultaneously.
When one of them is implemented by the phonetics, the other outputs still exert a substantial
influence on the planning and the subsequent implementation. As a result, the implemented surface
representation moves closer to other possible surface representations in production, which results
in incomplete neutralization with a large effect size. In Huai'an Tone 1 sandhi, underlying Tone 1
can surface as it is or undergoes Tone 1 sandhi to become Tone 3. When Tone 3 is implemented
by the phonology, the other possible surface representation (Tone 1) still plays an important role
in production, causing derived Tone 3 to deviate from underlying Tone 3 and become similar to
underlying Tone 1. The key difference between the current scenario and the previous scenario that

causes a small effect size is that here the other possible surface representations are valid outputs
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of the phonology. In Huai'an, a Tone 1 is also a valid surface representation even before Tone 1,
while in German, a voiced obstruent is not a valid surface representation at the right edge of a
prosodic word. Since Tone 1 and Tone 3 are both valid surface representations which are
simultaneously generated by the phonology, Tone 1 can exert a strong influence on the planning
and the implementation when Tone 3 is chosen to be implemented by the phonetics.

The current explanation satisfies all the desiderata listed in Section 4.1.1. Since only
performance factors are employed to explain incomplete neutralization, the relatively simple
phonological framework that assumes categorical representation can be kept (26a). Also, since |
offer separate explanations for incomplete neutralization with large effect size and incomplete
neutralization with small effect size, the distribution of effect sizes among discovered cases can be
naturally explained (26b). With regard to why 'over-neutralization’ is never observed in examined
languages, | argue that incomplete neutralization is always caused by underlying category playing
a role in speech production in the examined cases. For incomplete neutralization cases with small
effect size, the underlying representation accidently surface due to phonological planning effect;
While for Huai'an cases where the effect sizes are large, the underlying representations can surface
as they are in optional phonological processes and can still exert influence on production even
when derived forms are picked by the phonology. Therefore, the derived category is phonetically
always close to an underlying category and ‘over-neutralization' never happens in examined cases
(26c¢). It is worth noting that under my proposed theoretical framework, 'over-neutralization' can
still appear in certain cases. Imagine a language that has a high tone category, a middle tone
category and a low tone category in the phonology, and there is a phonological process stating that
the underlying high tone optionally undergo tone sandhi to become either a middle tone or a low

tone in the surface. When the middle tone is picked up by the phonology, according to my theory,
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both the high tone and the low tone can still exert influence on the phonetics. Therefore, if the
influence of low tone on speech production is stronger, the derived middle may not fall between
the underlying high tone and the underlying middle tone to become a normal incomplete
neutralization, and ‘over-neutralization' situation may occur when derived middle tone falls
between and the underlying middle tone and the underlying low tone. Such situation is of course
rare in natural languages, which explains why 'over-neutralization' is never observed so far. Future
research is needed to verify the existence of 'over-neutralization' in natural languages. Moreover,
since categorical phonological representation is still kept in my theory, as stated in Section 4.1.1,
rule process/rule interactions can be naturally accounted for (26d & e).

Available empirical evidence does seem to support separate explanations for incomplete
neutralization cases with small effect size and with large effect size. Incomplete neutralization with
large effect size is only found in phonological processes that are inherently optional. Besides the
two tone sandhi processes in Huai'an, another case is French schwa deletion (Fougeron & Steriade,
1997). An example is shown in (27). Here both [dokol] in (27a) and [dkol] in (27b) can be the
surface representations for the underlying /doxol/. Although (27b) and (27c) are claimed to be
phonologically identical. The segment [d] in (27b) where the schwa is deleted is not phonetically
identical to the its underlying counterpart in (27c). Moreover, the effect size is large as shown in
Figure 17. The crucial comparison is between the two central bars in each four-bar set. And large
effect sizes are observed in all measured phonetic cues. It is worth pointing out that the values of
all the measurements are not available in the original paper. Another obvious worry is that there
were too few participants (only 2 speakers) in the experiment. Overall, more future research is
needed on the case of French schwa deletion to confirm an incomplete neutralization with large

effect size case.
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(27) a. derole [dokol] 'role’
b. d’réle [drol] 'role’

c. drdle [dxol] ‘funny’'

) :é?) (der) (d'r) (dr) (d#r) (der) (d'r) (dr) (d#r)
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Figure 17: Comparison of phonetic cues among derived and underlying forms: (a) Amount of
linguopalatal contact in [d]; (b) Duration of lingual occlusion gesture of [d]; (c) Frequency of

lenition of [d]

I will present a new experiment in Chapter 5 to further support the large effect size in
incomplete neutralization being caused by optionality.

It is worth noting that planning effect can serve as the cause for both optionality and incomplete
neutralization with large effect size and explains the correlation between them. Under the planning

framework, optionality indicates that the phonological contents beyond the current word are poorly
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planned, which means the phonological contents of the next word may be available at a very late
stage or totally unavailable when the current word is planned out. If the phonological contents of
the next word are unavailable, the underlying representation will surface as it is. And if the
phonological contents of the next word are available at a very late stage, the recently planned
surface representation can only correct the previously surfaced underlying representation in a
limited fashion, causing a large effect size in incomplete neutralization. An obvious advantage of
using planning effects to explain incomplete neutralization with large effect size is that a unified
explanation can be provided for incomplete neutralization regardless of the effect size. However,
the predictions of planning effect are not attested in incomplete neutralization cases with large
effect size.

First, Progressive Planning Effect predicts that for a derived contour tone in Huai'an, as time
transpires, incomplete neutralization effect size will become smaller.3” The phonological contents
of the next word becomes more available at later stage of the contour, so at later stage, the surface
representation that undergoes tone sandhi has a better chance to be planned out and exerts a
stronger influence on the contour. However, in the cases of Huai'an Tone 1 and Tone 4 sandhis, as
shown in Figure 4 and Figure 7, the effect sizes become even larger in the later stages of contours.

Second, Progressive Planning Effect predicts the correlation between application rate and
effect size of incomplete neutralization at the individual speaker level. Speakers who have a
relatively narrow planning window (indicated by a relatively low application rate) should have
larger effect size in incomplete neutralization than speakers have relatively wide planning window

(indicated by a relatively high application rate). However, there is no such correlation as shown in

37 As aremainder, | use to term 'Progressive Planning Effect' to refer to the planning mechanism introduced in previous
literature (Kilbourn-Ceron & Goldrick, 2021; Tanner et al., 2017; Wagner, 2012). Such a mechanism states that
speakers incrementally plan out the phonological contents beyond the current morpheme or word.
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Figure 18 and Figure 19. In both figures, every dot represents a speaker. X-axis indicates the
application rate of tone sandhi (number of token with tone sandhi applied/total number of token)
and y-axis indicates the effect size of incomplete neutralization, which is the fO difference between
derived Tone 3 and underlying Tone 3 on raw pitch (fO of derived Tone 3 - fO of underlying Tone
3). An average is taken across all steps to do this subtraction calculation. Non-parametric
Spearman correlation analysis shows that there is no significant correlation for both Tone 1 sandhi
(p=0.48, p=0.24) and Tone 4 sandhi (p = 0.33, p = 0.25). Same as the data analysis process in
Experiment 1 and 2, only derived Tone 3s that actually trigger another tone sandhi process are

considered as real derived Tone 3s and analyzed here.
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Figure 18: Relationship between Tone 1 application rate and effect size of incomplete

neutralization
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Figure 19: Relationship between Tone 4 application rate and effect size of incomplete

neutralization

Overall, there is no clear evidence that can support planning effect being the causing effect for
both optionality and incomplete neutralization with large effect size. And there is even counter-
evidence for the such explanation in the tonal contours. Therefore, it is more reasonable to provide
separate explanations for incomplete neutralization with small effect size and incomplete
neutralization with large effect size.

The final point to make in this subsection is that my proposed explanations for incomplete
neutralization with small effect size and incomplete neutralization with large effect size are
compatible. For phonological processes that are inherently optional, both planning effect and
optionality can exert influence in the direction of incomplete neutralization at the same time
because they are independent resources. Since a planning effect can only cause a small effect size,
the influence of planning effect is predicted to not be obvious when optionality effect exists.
Therefore it is expected by my proposed explanations that the predictions of planning effect are

not attested in Huai'an tone sandhi cases.
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4.2  The explanation for phonetically identical form can have different phonological
behaviors

As a reminder of the finding in Chapter 3, although there is no phonetic difference with regard
to all important phonetic cues between derived Tone 3 from lexical Tone 4 sandhi and derived
Tone 3 from post-lexical Tone 4 sandhi in Huai'an, they have arguably different phonological
behaviors in the sense that post-lexically derived Tone 3 triggers Tone 3 sandhi process at a higher
rate across the boundary between subject and predicate than lexically derived Tone 3.

For such cases where functionally phonetically identical form can have arguably different
phonological behaviors, an obvious explanation can certainly be that the previous analysis of
phonological representations is flawed. Although it is described in previous literature (Du & Lin,
2019; Y. Wang & Kang, 2012) that Tone 4 sandhi in both lexical and post-lexical levels will result
in a Tone 3 category, at least one of two described surface Tone 3s may be another tonal surface
representation in the phonology. These two surface tones are then brought together in production
by non-linguistic performance factors in this special phonological context, i.e. before underlying
Tone 4. Although this analysis offers a straightforward explanation to the finding in Experiment
3, it will also has some other undesired consequences. First, in the case of Huai'an, this analysis
would mean that there can be two highly similar phonological processes in one language. Both
phonological processes apply to the same underlying toneme (Tone 4), and result in very similar
surface representations that are functionally phonetically identical and trigger the same tone sandhi
(Tone 3 sandhi) process. Such cases are definitely rare in natural languages. The situation will be
even worse considering Tone 1 sandhi process exists in Huai'an. Similar to Tone 4 sandhi, Tone 1
sandhi also applies at both lexical and post-lexical levels. If derived Tone 3s from Tone 1 sandhi

at both levels are also functionally phonetically identical while having different arguably
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phonological behaviors. Then there will be another pair of highly similar phonological processes
in Huai'an. Second, since there are two derived surface tones from Tone 4 that can trigger Tone 3
sandhi process (at different rates) according to this analysis, at least one of them does not belong
to any underlying toneme categories. This situation means that there will be a Tone 3 sandhi
process in Huai'an that is triggered by a derived tone that does not belong to any underlying
tonemes. This Tone 3 sandhi process will then be highly restricted, which makes the whole analysis
suspicious. Lastly, it is certainly not clear how native speakers distinguish the two highly similar
surface tones. The two surface tones are phonetically identical in all phonetic cues that has been
shown to be used by native speakers to distinguish phonological tones (Howie, 1976; Tupper et
al., 2020; for f0; Fu & Zeng, 2000; Whalen & Xu, 1992 for intensity; Blicher et al., 1990 for
duration).

Exploring other ways to explain the finding in Experiment 3, another possibility is that the
prosodic structure, not the tonal representation, can account for the observed difference in
triggering rate of Tone 3 sandhi. In Chapter 3, | stated that since Tone 3 sandhi applies across the
boundary between subject and predicate at both levels, prosodic structure may not have an
influence on Tone 3 sandhi application rate. However, other factors from prosodic structure may
still play a role. Under Duanmu’s framework (2007), the difference in Tone 3 sandhi application
rate in Huai'an can potentially be accounted for by the interaction between stress and tone sandhi
domain. Duanmu proposes that tone sandhi domain may be built according to the position of
stresses in Mandarin languages. Since Mandarin languages are trochaic, a disyllabic word may
induce a stress on the first syllable in Huai’an. Therefore, for the trisyllabic stimuli used in
Experiment 3, the second syllable may carry a stress when the last two syllables form a word

(example: [u pa-tse] 'Mr. Wu forcibly occupy (something).' from (23a)). Then the tone sandhi
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domain tends to group the stressed syllable and the following unstressed syllable together
according to Duanmu, which may leave the first syllable unparsed. Under such a situation, the
second syllable optionally trigger Tone 3 sandhi on the first syllable. Under Duanmu's theoretical
framework, the rhythmic structures of the stimuli used in Experiment 3 are shown in (28). The
metrical stress in Huai'an turns out to be realized abstractly and therefore have no phonetic
consequences on the second syllable, which explains why there is no phonetic difference between
the two described derived Tone 3s. In this case, the metrical stress is abstractly realized and has
no influence in the phonetics (Duanmu, 2007). This means the metrical stress is only detectable
from different phonological behaviors, namely the difference in application rates of Tone 3 sandhi
on the previous syllables. Such cases where phonological properties are abstract realized are

certainly rare in natural languages, which makes Duanmu's theoretical framework suspicious.

(28) The rhythmic structure of the stimuli used in Experiment 3

a. Tone 4 sandhi feeds Tone 3 sandhi at the lexical level

X
u pa-tsa
Mr. Wu forcibly occupy

‘Mr. Wu forcibly occupy (something).'

b. Tone 4 sandhi feeds Tone 3 sandhi at the post-lexical level

X X
u to Zow
Mr. Wu chop meat

'Mr. Wu chops meat.'
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For this subsection, two possible explanations are listed for the finding in Experiment 3. And
both of them have concerning flaws. Future efforts are needed to verify or falsify these two
explanations with more evidence. It is worth noting that if the second explanation employing
prosodic structure turns out to be valid, then the statement that phonetically identical form can
have different phonological behaviors cannot hold in Huai'an. In such a situation, I will leave it to
the future research to verify my hypothesis that phonetically identical form can have different

phonological behaviors in natural languages.
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CHAPTER 5 EXPERIMENTAL EVIDENCE FOR SEPARATE EXPLANATIONS FOR

INCOMPLETE NEUTRALIZATION WITH DIFFERENT EFFECT SIZES

5.1 Experiment 4

The new experiment serves to pinpoint optionality as the cause for incomplete neutralization
with a large effect size. To reach this purpose, previously identified interacting factors, including
speaker group variation, word frequency, prosodic structure (boundary strength) and speech rate,
need to be controlled. The new experiment compares the effect sizes of incomplete neutralization
in Tone 1, Tone 4 and Tone 3 sandhis processes. | examined these 3 phonological processes using
exactly the same experimental paradigm on the same group of speakers in the same language
(Huai'an). Therefore the influences from all previously identified interacting factors are expected
to attenuate. The results do support that only optional phonological processes (Tone 1 and Tone 4

sandhis) have large effect sizes in incomplete neutralization.

5.2 Participants

| recruited 8 native speakers of Huai'an Mandarin also via personal relationships in Huai’an
City. The age range was from 41 to 59 years old. Again, to minimize the influence of Standard
Mandarin, I avoided younger speakers in this study. Among them, 4 self-identified as female, and
4 as male. All the participants were born and raised in Huai'an City. These speakers have not

participated in any linguistic studies before or heard about the concept of incomplete neutralization.
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5.3 Stimuli

The stimuli were organized in the same way as in Experiment 1. So three groups of stimuli are

developed for Tone 1 sandhi, Tone 4 sandhi and Tone 3 sandhi separately. All the stimuli patterns

are shown in (29), (30) and (31). The full stimulus list is summarized in APPENDIX D.

(29)

(30)

First group of stimuli for Experiment 4
Four sets of stimuli for Tone 1 [the syllables crucial for the current comparison are

underlined and boldface]

e

underlying T3 following underlying T2: /T2 T3 T1/ - [T2 T3 T1]
b. underlying T3 following underlying T3: /T3 T3 T1/ > [T2 T3 T1]
c. derived T3 following underlying T2: [T2T1T1/ > [T2T3T1]or [T2 T1 T1]

d. derived T3 following underlying T3: /[T3T1T1/ > [T2T3T1]or [T3T1T1]

Second group of stimuli for Experiment 4
Four sets of stimuli for Tone 4 [the syllables crucial for the current comparison are

underlined and boldface]

i

underlying T3 following underlying T2: /T2 T3 T4/ = [T2 T3 T4]
b. underlying T3 following underlying T3: /T3 T3 T4/ > [T2 T3 T4]
c. derived T3 following underlying T2: [T2TA T4/ > [T2 T3 T4] or [T2 T4 T4]

d. derived T3 following underlying T3: IT3TAT4/ > [T2T3T4] or [T3 T4 T4]
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(31)  Third group of stimuli for Experiment 4
Four sets of stimuli for Tone 3 [the syllables crucial for the current comparison are
underlined and boldface]
a. underlying T2 following underlying T2: /T2 T2 T3/ 2> [T2 T2 T3]
b. underlying T2 following underlying T3: /T3 T2 T3/ > [T3 T2 T3] or [T2 T2 T3]
c. derived T2 following underlying T2: [T2T3 T3/ > [T2T2T3]

d. derived T2 following underlying T3: IT3T3T3/ > [T3T2T3]or[T2T2 T3]

To ensure the accuracy of the measurements of effect sizes of incomplete neutralization as
much as possible, it is important to control the surface context as well as avoiding any potential
annotation mistakes.

For the Tone 1 sandhi process, as with Experiment 1, the crucial comparison is between two
tones in the second syllable. To be specific, the comparison is between the underlying Tone 3 in
(29b) and the derived Tone 3 in (29d). This comparison allows me to perfectly control for the
surface context, while also establishing that the two tones are indeed categorical Tone 3s since
they trigger Tone 3 sandhi on the preceding tone. Again, the set of possibilities also allows me to
look at an underlying Tone 1 in roughly the same surface context, as in the second possibility in
(29c), for visual comparison.

Similar to the Tone 1 sandhi, for the Tone 4 sandhi process, the crucial comparison is between
two tones in the second syllable. To be specific, the comparison is between the underlying Tone 3
in (30b) and the derived Tone 3 in (30d).

For Tone 3 sandhi process, since there are no tone sandhi processes in current Huai'an that can

be triggered by Tone 2, it is impossible to establish derived Tone 2 as categorical Tone 2. However,
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I will show that derived Tone 2 is phonetically highly similar to underlying Tone 2, which can
provide at least some support that the annotation is appropriate. Since there is variation between
Tone 2 and Tone 3 on the first syllable, potential annotation mistake can occur in (31b) and (31d).
To avoid this issue, the crucial comparison here is between the underlying Tone 2 in (31a) and the
derived Tone 2 in (31c). This comparison allows me to perfectly control for the surface context. It
is worth noting that in Experiment 4, Tone 3 sandhi was observed to apply in long distance, and
underlying 'Tone 3 Tone 2 Tone 3' can surface as "Tone 2 Tone 2 Tone 3'. Such observation is
contrary to previous analysis of Tone 3 sandhi in Standard Mandarin where Tone 3 sandhi is only
applicable for adjacent Tone 3 syllables (M. Y. Chen, 2000; Duanmu, 2007). Since the crucial
comparison is in the second syllable and I controlled for the variation in the first syllable when
measuring the effect size of incomplete neutralization, this new observation is tangential to the
current study.

Each participant produced 4 repetitions of 72 test sentences at a natural speech rate, which
means each participant read a total of 288 sentences. All stimuli were randomized for each

participant.

5.4 Procedure

The procedure was identical to that of previous experiments.

5.5 Measurement

The recordings were also manually annotated by the author and with the same scheme as in

Experiment 2. An example is shown in Figure 20.
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Figure 20: Annotation scheme of Experiment 4 (multiple tone sandhi processes)

5.6 Results and statistical modelling

The number of tokens for each possible combination of Underlying Representation and Surface
Representation is summarized in Table 18, Table 19 and Table 20. The data used to calculate
application rates are marked with boldface. 36 tokens were not marked as ‘good' and excluded for
the Tone 1 process, which accounts for 4.7% of all test stimuli for Tone 1 sandhi. 25 tokens were
not marked as 'good' and excluded for Tone 4 process, which accounts for 3.3% of all test stimuli
for Tone 4 sandhi. 40 tokens were not marked as 'good’ and excluded for Tone 3 process, which

accounts for 5.2% of all test stimuli for Tone 3 sandhi.

114



The application rate of Tone 1 sandhi in the second syllable is 49.6%, the application rate of
Tone 4 sandhi in the second syllable is 73.0%, and the application rate of Tone 3 sandhi in the
second syllable is 96.5%.38 2° Therefore, it is safe to categorize Tone 1 and Tone 4 sandhi processes

as optional and Tone 3 sandhi process as mandatory.

UR SR Number of tokens
T2T3T1 T2T3T1 188
T3T3T1 T3T3T1 7
T3T3T1 T2T3T1 180
T2T1T1 T2T1T1 111
T2T1T1 T2T3T1 66
T3T1T1 T3T1T1 69
T3T1T1 T3T3T1 20
T3T1T1 T2T3T1 91

Table 18: Number of Tokens for UR and SR combination in Experiment 4

(Tone 1 sandhi; Data for calculating application rates boldfaced)

38 Since | cannot verify derived Tone 2 from Tone 3 on the position of second syllable by phonological behavior under
any contexts, | chose to trust my annotation completely when calculating application rates. Therefore, in calculating
application rates for Tone 1 and Tone 4 sandhi processes, | did not count derived Tone 3s that did not trigger Tone 3
sandhi process as Tone 1 or Tone 4. | counted derived Tone 3s that did not trigger Tone 3 sandhi process as Tone 3. |
also did not exclude cases where the first syllables are underlying Tone 2s, i.e. a context where | cannot verify Tone
3 category on the second syllable by phonological behavior. By doing so, | am consistent in calculating application
rates by applying the same standard for all phonological processes examined in Experiment 4. It is also worth pointing
out that, since my annotation has been shown to be reliable in Experiment 2 by checking the first syllable, it is
reasonable to keep trusting my annotation in Experiment 4. 1 will do the same check on the first syllable in Experiment
4, which I will show later in this subsection. It is also worth noting that, as shown in Figure 23, annotated derived
Tone 2 from Tone 3 in the second syllable is highly similar with underlying Tone 2 in the same context with regard
to fO contour shape. This observation again provides evidence for my annotation being accurate.

39 The application rate of 96.5% is viewed by me as effectively mandatory. The 3.5% of cases where Tone 3 sandhi
fails to apply can certainly be due to speech error.
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UR SR Number of tokens
T2T3T4 T2T3T4 185
T3T3T4 T3T3T4 14
T3T3T4 T2T3T4 166
T2T4T4 T2T4T4 78
T2T4T4 T2T3T4 111
T3T4AT4 T3T4T4 24
T3T4T4 T3T3T4 113
T3T4T4 T2T3T4 52

Table 19: Number of Tokens for UR and SR combination in Experiment 4

(Tone 4 sandhi; Data for calculating application rates boldfaced)

UR SR Number of tokens
T2T2T3  T2T2T3 178
T3T2T3  T3T2T3 86
T3T2T3  T2T2T3 90
T2T3T3 T2T3T3 9
T2T3T3 T2T2T3 179
T3T3T3 T3T3T3 0
T3T3T3 T2T3T3 4
T3T3T3 T3T2T3 39
T3T3T3 T2T2T3 143

Table 20: Number of Tokens for UR and SR combination in Experiment 4

(Tone 3 sandhi; Data for calculating application rates boldfaced)
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The z-score transformed fO contours on the crucial second syllable are shown in Figure 21,
Figure 22 and Figure 23. For the Tone 1 and Tone 4 sandhi processes, the crucial comparison is
between derived Tone 3 and underlying Tone 3; while for the Tone 3 sandhi process, the crucial
comparison is between derived Tone 2 and underlying Tone 2. For Tone 1 and Tone 4 sandhi
processes, as with previous experiments, | also present the tone contour for an underlying Tone
1/Tone 4 in the same surface context for visual comparison.

Based on visual inspection of the data, the existence of incomplete neutralization is clear for
Tone 1 and Tone 4 sandhi processes. In contrast, for Tone 3 sandhi process, derived Tone 2 and
underlying Tone 2 are highly similar with regard to tonal contour, but there is a visible gap between
them. | will show that incomplete neutralization exists for all three tone sandhi processes using
statistical modelling.

It is also worth noting that the contour shape of the derived Tone 3 from Tone 1 in the current
experiment is different from that in Experiment 1. As a reminder, in Experiment 1, the contour
shape of derived Tone 3 from Tone 1 starts as an underlying Tone 3 and ends as an underlying
Tone 1. However, in the current experiment, the starting point of derived Tone 3 from Tone 1 is
between underlying Tone 3 and underlying Tone 1, the end point seems to be close to that of
underlying Tone 1 but there is still clear gap between them. The contour shape of derived Tone 3

from Tone 4 in the current experiment remains consistent with that in Experiment 2.

40 Again, to further address the concern that incomplete neutralization patterns identified in Experiment 4 may arise
as a result of averaging the outcomes of an optional phonological process, the distributions of underlying Tone 1,
derived Tone 3, and derived Tone 3 are shown for each time step in APPENDIX H, and the distributions of underlying
Tone 4, derived Tone 3, and derived Tone 3 are shown for each time step in APPENDIX I. Again, crucially, the
derived Tone 3 distribution is generally uni-modal, and distinct from the other two distributions, across the time-steps.
Thus, there is no evidence of an averaging artifact over optional surface representations for the derived Tone 3 cases.
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Figure 21: Contours comparison of the second syllable in Experiment 4 (Tone 1 sandhi)

(Error bars indicate standard error)
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Figure 22: Contours comparison of the second syllable in Experiment 4 (Tone 4 sandhi)

(Error bars indicate standard error)
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Tone Sandhi

@ Derived T2 (/T3/—[T2))
A Underlying T2 (/T2/—[T2])

fO value (z-score transformed)

' Percentage ste'p of pitch contour -

Figure 23: Contours comparison of the second syllable in Experiment 4 (Tone 3 sandhi)

(Error bars indicate standard error)

The modelling method remains the same as in previous experiments. The observation of

incomplete phonetic neutralization is supported by model comparisons for all tone sandhi

processes (Tone 1/Tone 4/Tone 3 sandhis).

For Tone 1 sandhi process, the addition of a tone sandhi condition improves the model on the
intercept as shown by comparing Model 1 and Model 2 (x?(1)= 455.19, p<0.01), the linear term
as shown by comparing Model 2 and Model 3 (x%(1)= 6.77, p<0.01) and the quadratic term as
shown by comparing Model 3 and Model 4 (x?(1)= 7.51, p<0.01). Figure 24 shows how the full
model (Model 4) with the assumption of tone sandhi affecting every fixed effect fits the observed

data. And the parameter estimates for full model are summarized in Table 21.
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Figure 24: Observed data and Growth Curve Model fits for derived and underlying Tone 3 for

Tone 1 sandhi process (Error bars indicate standard error)

Estimate  Std. Error t p
Intercept 0.10 0.02 4.78 <0.01
Linear -17.60 1.52 -11.55 <0.01
Quadratic 5.01 1.27 3.95 <0.01
Tone Sandhi: Intercept -0.67 0.03 -23.04 <0.01
Tone Sandhi: Linear 0.47 1.18 0.40 0.694
Tone Sandhi: Quadratic 4.45 1.18 3.78 <0.01

Table 21: Parameter estimates of the full model (Model 4) for Tone 1 sandhi process with the

assumption of tone sandhi affecting every fixed effect (baseline: derived Tone 3)

41 It is worth noting here that although tone sandhi condition improves the linear term as shown by comparing Model
2 and Model 3 (x%(1)= 6.77, p<0.01), such significance is missing in the full model (Model 4). | am not sure about the
factor that causes the difference. However, the results are clear that there is incomplete neutralization in Tone 1 sandhi

in the current experiment.
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For Tone 4 sandhi process, the addition of a tone sandhi condition improves the model on the
intercept as shown by comparing Model 1 and Model 2 (x?(1)= 929.04, p<0.01), not on the linear
term as shown by comparing Model 2 and Model 3 (x%(1)= 0.31, p=0.58) and on the quadratic
term as shown by comparing Model 3 and Model 4 (x?(1)= 17.22, p<0.01). Figure 25 shows how
the full model (Model 4) with the assumption of tone sandhi affecting the intercept and the

quadratic term fits the observed data. And the parameter estimates for full model are summarized

in Table 22.

Tone Sandhi data

@ Derived T3 (/T4/—[T3])
A Underlying T3 (/T3/—[T3])

Tone Sandhi model

— Derived T3 (/T4/—[T3])
== Underlying T3 (/T3/—[T3])

fO value (z-score transformed)

UI 3 za‘ ) 5-I]T'L.‘ ?T;“ﬁ 1U(I)"’..
Percentage step of pitch contour

Figure 25: Observed data and Growth Curve Model fits for derived and underlying Tone 3 for

Tone 4 sandhi process (Error bars indicate standard error)
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Estimate  Std. Error t p

Intercept 0.50 0.10 5.09 <0.01

Linear -16.98 1.39 -12.26 <0.01
Quadratic 2.20 1.44 1.52 0.15

Tone Sandhi: Intercept -1.18 0.03 -35.92 <0.01
Tone Sandhi: Linear 0.71 1.23 0.56 0.58
Tone Sandhi: Quadratic 5.29 1.27 4.18 <0.01

Table 22: Parameter estimates of the full model (Model 4) for Tone 4 sandhi process with the

assumption of tone sandhi affecting every fixed effect (baseline: derived Tone 3)

For Tone 3 sandhi process, the addition of a tone sandhi condition improves the model on the
intercept as shown by comparing Model 1 and Model 2 (x?(1)= 14.09, p<0.01), but no on the linear
term as shown by comparing Model 2 and Model 3 (x?(1)= 1.53, p=0.22) or on the quadratic term
as shown by comparing Model 3 and Model 4 (x?(1)= 0.66, p=0.42). Figure 26 shows how the full
model (Model 4) with the assumption of tone sandhi affecting only the intercept fits the observed

data. And the parameter estimates for full model are summarized in Table 23.

122



Tone Sandhi model

— Derived T2 (/T3/—[T2])
== Underlying T2 (/T2/—[T2])

0.54

Tone Sandhi data

® Derived T2 (/T31—[T2])
A Underlying T2 (/T2/—[T2])

0.04

fO value (z-score transformed)

T T
75% 100%

% 50%
Percentage step of pitch contour

Figure 26: Observed data and Growth Curve Model fits for derived and underlying Tone 2 for

Tone 3 sandhi process (Error bars indicate standard error)

Estimate  Std. Error t p
Intercept <0.01 0.03 8.26 0.98
Linear 19.92 2.79 -9.89 <0.01
Quadratic 3.50 1.96 3.29 0.11
Tone Sandhi: Intercept 0.08 0.02 -43.58 <0.01
Tone Sandhi: Linear 1.18 0.95 0.56 0.22
Tone Sandhi: Quadratic 0.78 0.95 4.18 0.42

Table 23: Parameter estimates of the full model (Model 4) for Tone 3 sandhi process with the

assumption of tone sandhi affecting every fixed effect (baseline: derived Tone 2)

With regard to effect size, as predicted by my theory, the effect sizes of incomplete

neutralization are large for optional phonological processes (Tone 1 and Tone 4 sandhis), while
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the effect size of incomplete neutralization for mandatory phonological process (Tone 3) is very
small.

The raw f0 difference (fO of derived Tone 3 - fO of underlying Tone 3 for Tone 1; fO of derived
Tone 3 - fO of underlying Tone 3 for Tone 4; fO of derived Tone 2 - fO of underlying Tone 2 for
Tone 3) of each step for Tone 1, Tone 4 and Tone 3 sandhis are summarized in Table 24, Table 25
and Table 26.

For Tone 1 sandhi, the mean difference in fO between underlying Tone 3 and derived Tone 3
across all steps is 27 Hz, which is more than 4 times the Just Noticeable Difference of O value (7
Hz) for Mandarin speakers (Jongman et al., 2017). For Tone 4 sandhi, the mean difference in fO
between underlying Tone 3 and derived Tone 3 across all steps is 50 Hz, which is more than 7
times the Just Noticeable Difference of fO value (7 Hz) for Mandarin speakers. Moreover, across
the last 18 steps (step 3 to step 20) of Tone 1 sandhi, the fO difference is over 22 Hz, which is more
than 3 times the Just Noticeable Difference; and across all steps except the very first one (step 1
to step 20) of Tone 4 sandhi, the fO difference is over 37 Hz, which is more than 5 times the Just
Noticeable Difference. Therefore, it is safe to define Tone 1 and Tone 4 sandhi processes as
incomplete neutralization with large effect sizes.

In contrast, for Tone 3 sandhi, the mean difference in fO between underlying Tone 2 and
derived Tone 2 across all steps is only 1 Hz. Moreover, across all steps of Tone 3 sandhi, the fO
differences are much less than the Just Noticeable Difference. Therefore, it is safe to define Tone

3 sandhi process as incomplete neutralization with a small effect size.
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Step fO difference (Hz) Step O difference (Hz)
0 14 11 35
1 14 12 33
2 18 13 31
3 22 14 30
4 25 15 29
5 26 16 28
6 28 17 26
7 31 18 24
8 32 19 23
9 33 20 23
10 35

Table 24: fO Difference of each step in Experiment 4 (Tone 1)

Step fO difference (Hz) Step fO difference (Hz)
0 18 11 56
1 38 12 56
2 46 13 56
3 46 14 55
4 48 15 53
5 52 16 o1
6 54 17 52

Table 25: fO Difference of each step in Experiment 4 (Tone 4)
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Table 25: (cont'd)

7 56 18 48
8 58 19 47
9 62 20 47
10 59
Step O difference (Hz) Step fO difference (Hz)
0 3 11 2
1 2 12 1
2 1 13 2
3 1 14 2
4 1 15 1
5 1 16 0
6 1 17 0
7 2 18 -2
8 2 19 -2
9 2 20 -3
10 2

Table 26: fO Difference of each step in Experiment 4 (Tone 3)

To summarize the results of Experiment 4, only optional phonological processes (Tone 1 and
Tone 4 sandhis) have large effect sizes in incomplete neutralization. While for mandatory

phonological process (Tone 3), the effect size is rather small. Again, by comparing Tone 1, Tone
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4 and Tone 3 sandhis of Huai'an using exactly the same experimental paradigm on the same group
of speakers, all previously identified interacting factors, including speaker group variation, word
frequency, prosodic structure (boundary strength) and speech rate, are expected at least to attenuate.

Such results support my proposal that the large effect size in incomplete neutralization is rooted
in phonological processes that are inherently optional. And different performance explanations are
needed for incomplete neutralization cases with small effect size and incomplete neutralization
cases with large effect size.

To address the concern of inaccurate annotation, as with Experiment 2, 1 will also show that
derived Tone 2 triggered by derived Tone 3 from Tone 1 or Tone 4 is indeed phonetically highly
similar with underlying Tone 2. Therefore, it is reasonable to analyze that derived Tone 2 triggered
by derived Tone 3 is indeed phonologically identical to underlying Tone 2, which in turn proves
that annotated derived Tone 3 from Tone 1 or Tone 4 in the second syllable is indeed
phonologically identical to underlying Tone 3.

The tone contours of the z-score transformed fO for the relevant first syllables are shown in
Figure 27 and Figure 28. As with Experiment 2, | also present the tone contours for underlying
Tone 3s in the first syllable that come from derived Tone 3s failing to trigger Tone 3 sandhi on the
preceding syllables. By doing so, three-way visual comparisons are possible at the position of the
first syllable under the same phonological environment, i.e. before derived Tone 3 (from either

Tone 1 or Tone 4).
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Figure 27: Contours comparison of the first syllable in Experiment 4 (Tone 1)
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Figure 28: Contours comparison of the first syllable in Experiment 4 (Tone 4)

Based on the visual inspection of the data, the derived Tone 2s that undergo Tone 3 sandhi
with reference to the following derived Tone 3s (from underlying Tone 1 and Tone 4) are
phonetically highly similar to the corresponding underlying Tone 2s with regard to the fO contour.

The O contours of derived Tone 2 and underlying Tone 2 in both figures are phonetically very
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different from those of corresponding underlying Tone 3s. Furthermore, as with the other tone
sandhi processes discussed in this paper, there is incomplete phonetic neutralization in both cases
of the derived Tone 2 and the underlying Tone 2 in the first syllable. Gaps between the derived
Tone 2 and the underlying Tone 2 in both cases are obvious.

The modelling method remains the same for contour tones, and the results do support the
observation of incomplete neutralization. For the case of the derived Tone 2 before the derived
Tone 3 from Tone 1, the addition of a Tone Sandhi condition improves the model on the intercept
as shown by comparing Model 1 and Model 2 (x%(1)= 66.41, p=<0.01), but not on the linear term
as shown by comparing Model 2 and Model 3 (x?(1)=3.20, p=0.07) or the quadratic term as shown
by comparing Model 3 and Model 4 (x%(1)<0.01, p=0.95).

For the case of the derived Tone 2 before the derived Tone 3 from Tone 4, the addition of a
Tone Sandhi condition also only improves the model on the intercept as shown by comparing
Model 1 and Model 2 (x?(1)= 20.59, p=<0.01), but not on the linear term as shown by comparing
Model 2 and Model 3 (x?(1)=0.09, p=0.76) or the quadratic term as shown by comparing Model 3
and Model 4 (x%(1)=0.10, p=0.75).

Figure 29 and Figure 30 show how the full models (Model 4) with the assumption of tone
sandhi affecting every fixed effect fit the observed data. And the parameter estimates for the full
models are summarized in Table 27 and Table 28. The f0 difference (fO of underlying Tone 2 - 0

of derived Tone 2) of each step is summarized in Table 29 and Table 30.
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Estimate  Std. Error t p
Intercept -0.21 0.07 -3.02 0.02
Linear 15.40 3.34 4.60 <0.01
Quadratic 2.09 1.66 1.25 0.24
Tone Sandhi: Intercept 0.24 0.03 8.26 0.13
Tone Sandhi: Linear 1.93 1.08 1.79 0.07
Tone Sandhi: Quadratic 0.06 1.07 0.06 0.95

Table 27: Parameter estimates of the full model (Model 4) with the assumption of tone sandhi

affecting every fixed effect (data: Tone 1; baseline: derived Tone 2)

Estimate  Std. Error t p
Intercept -0.19 0.09 -2.13 0.06
Linear 15.69 1.93 8.11 <0.01
Quadratic 2.25 1.23 1.82 0.09
Tone Sandhi: Intercept 0.13 0.03 4.56 <0.01
Tone Sandhi: Linear 0.31 1.05 0.29 0.77
Tone Sandhi: Quadratic 0.33 1.04 0.32 0.75

Table 28: Parameter estimates of the full model (Model 4) with the assumption of tone sandhi

affecting every fixed effect (data: Tone 4; baseline: derived Tone 2)
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Step fO difference (Hz) Step O difference (Hz)
0 19 11 11
1 12 12 11
2 6 13 11
3 6 14 12
4 7 15 12
5 7 16 12
6 7 17 12
7 8 18 12
8 9 19 12
9 10 20 13

10 11

Table 29: fO Difference of each step for first syllable in Experiment 4 (Tone 4)

Step fO difference (Hz) Step fO difference (Hz)
0 -1 11 -6
1 -7 12 -7
2 -10 13 -7
3 -11 14 -8
4 -11 15 -8
5 -10 16 -8
6 -8 17 -8

Table 30: fO Difference of each step for first syllable in Experiment 4 (Tone 4)
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Table 30: (cont'd)

7 -7 18 -10
8 -6 19 -10
9 -5 20 -11
10 -5

Despite the observed incomplete neutralization, the substantial phonetic difference between
derived Tone 2 and underlying Tone 3 in both cases and the phonetic similarity between derived
Tone 2 and underlying Tone 2 in both cases are difficult to account for by any mechanism known
to me other than Tone 3 sandhi — it cannot simply be random variation or a co-articulatory change.

Therefore, the impressionistic coding was in my opinion appropriate for Experiment 4.

5.7 Interim Discussion

Finally for this chapter, 1 would like to state explicitly about a potential confound in
Experiment 4. As pointed out by Karthik Durvasula (personal communication), the large effect
size cases are about derived Tone 3, and the small effect size case is always about derived Tone 2.
Therefore, the tonal target can potentially predict a larger/smaller effect size of incomplete
neutralization. Due to the lack of data, it is difficult to verify or falsify this hypothesis at the current

stage, | will leave this to the future research.
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CHAPTER 6 GENERAL DISCUSSION

6.1  Summary of the findings

This dissertation provides experimental evidence for the gap between phonology and phonetics
from two aspects, namely phonologically identical surface forms can correspond with different
phonetic distributions, and phonologically different surface forms can correspond with identical
phonetic distribution. These findings obviously undermine the two statements in (1), which are
also repeated here in (32). These two statements are developed from strict correspondence between

phonological representations and phonetic patterns.

(32) The two statements about the strict correspondence between phonological
representations and phonetic patterns
Statement 1: Phonologically identical surface forms necessarily correspond with
identical phonetic distributions.
Statement 2: Phonologically different surface forms necessarily correspond with

different phonetic distributions.

First, using the phenomenon of incomplete neutralization, | show that phonologically identical
forms can correspond with different phonetic distributions. | provided two clear cases of
incomplete neutralization based on data from Huai'an high-register tone sandhi processes. |
observed robust phonetic differences (with large effect sizes) between a derived Tone 3 and an
underlying Tone 3 in two independent experiments. This indicates that the observed effect is not

likely to be a 'false positive' or functionally unimportant. Moreover, the cases of Huai'an
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circumvent the potential interference of orthography by presenting stimuli in Chinese characters.
Therefore, some previous criticisms related to experimental design and the interpretation of data
do not apply to the current Huai'an evidence.

A crucial aspect of this part is that | first established that the relevant tone sandhi processes are
in fact phonological processes. To establish this fact, | look at the phonological behavior of the
derived tones, which to me is the best way of establishing phonological representations. More
specifically, | looked at cases of tone sandhi that had feeding interactions, namely high-register
tone sandhis including Tone 1 sandhi (Experiment 1) and Tone 4 sandhi (Experiment 2) feed Tone
3 sandhi in Huai’an Mandarin. This establishes the fact that the Tone 1 and Tone 4 sandhi processes
are indeed cases of phonological neutralization. Despite this, | observed incomplete phonetic
neutralization between underlying Tone 3 and derived Tone 3s stemming from the two tone sandhi
processes. Consequently, my results establish the fact that phonologically identical forms can still
be phonetically different.

Second, Statement 2 leads to a deduction that phonetic identical forms necessarily correspond
with identical surface forms in phonology. Using also data from Huai'an, | show that phonetically
identical form can have different phonological behaviors. Therefore the deduction of Statement 2
and Statement 2 itself cannot hold. | compared derived Tone 3 from lexical Tone 4 sandhi and
derived Tone 3 from post-lexical Tone 4 sandhi, and find they are indistinguishable with regard to
previously identified important phonetic cues, namely fO contour, duration and intensity. To the
best of the my knowledge, native speakers of Mandarin languages cannot solely use any other

phonetic cues to distinguish phonemic tones.*? Therefore, | assume that phonetic identity between

“2 It is worth noting that according to the observation of Duanmu (2007), low tone in Standard Mandarin is usually
correlated with breathiness. Huai'an also has such correlation according to my observation. Therefore, in principle,
native speakers of Huai'an should be able to distinguish Tone 3 with other tones by breathiness. Since f0 and
breathiness can be reasonably analyzed as correlated in Huai'an, | do not list breathiness as a separate phonetic cue.
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the two derived Tone 3s can be established. In this particular use, | use triggering rate of Tone 3
sandhi to indicate phonological behaviors of derived Tone 3s. First, Tone 3 sandhi applies across
the boundary between subject and predicate before both lexically derived Tone 3 and post-lexically
derived Tone 3. Second, | controlled the planning difficulty effect caused by long utterance. For
Tone 3 sandhi to apply before both lexically derived Tone 3 and post-lexically derived Tone 3, a
trisyllabic phonological phrase is needed. Overall, it is difficult to assign the difference in
triggering rates to prosodic boundary between subject and predicate or utterance length, which are
performance factors usually used to explain variation in phonological processes.*® Therefore, |
argue that phonological inequality between the two derived Tone 3s can be established between

the two derived Tone 3s.

6.2  Variation in effect size

Although the crucial comparison in Experiment 4 is between incomplete neutralization sizes
of Tone 1/Tone 4 sandhi and that of Tone 3 sandhi. Experiment 4 also functions to replicate
Experiment 1 and 2 since almost identical experimental paradigm is employed to observe Tone 1
and Tone 4 sandhi processes. The effect sizes of incomplete neutralization among different
experiments are summarized in Table 31. It is obvious that the effect sizes in Experiment 4 are
substantially larger than those in Experiment 1 and 2. Such difference may certainly be just a result
of random variation. In another possibility, dialectal difference may also offer a reasonable
explanation. The participants in Experiment 1 and 2 are mainly from Huaiyin District of Huai'an

city while the participants in Experiment 4 are all from Qingjiangpu District of Huai'an City. There

43 In Chapter 4, | talked about a possibility of explaining Huai'an situations using prosodic structures. Under Duanmu's
framework, the phonological difference can be explained by the foot/stress domain. Such possibility is worth being
further explored. An question needs to be answered is that why the metrical stress under Dunamu's framework can be
abstractly realized and have no influence in the phonetics.
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are no previous reports that languages in these two districts are different, but possibilities cannot
be ruled out subtle differences exist below the conscious level of native speakers. Despite the
difference in effect size, the effect sizes are always robust if Just Noticeable Difference is used as
the reference. This again provides good evidence for the existence of incomplete neutralization as

a phenomenon.

Experiment  Observed tone sandhi processes  Mean f0 difference (Hz)

1 Tone 1 sandhi 18
2 Tone 4 sandhi 17
4 Tone 1 sandhi 27
4 Tone 4 sandhi 50

Table 31: The comparison of effect sizes of Tone 1/Tone 4 sandhi among different experiments

These experiments are worth being replicated again in the future with dialectal effect being
controlled. By doing so, a more fruitful discussion can be expected on the issue of effect size in

incomplete neutralization.

6.3  The relationship between effect size of incomplete neutralization and application rate

It is reasonable to hypothesize that the size of incomplete neutralization effect in tone sandhi
is correlated with application rate of tone sandhi. Recall my proposal in the current dissertation is
that incomplete neutralization with a large effect size can only appear in optional phonological
processes but never in mandatory phonological process. It seems intuitive and natural to make a

further claim that an optional phonological process with a lower application rate will have a larger
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effect size of incomplete neutralization. It may also be reasonable to claim, in the situation of
feeding order, that a larger effect size of incomplete neutralization will trigger another
phonological process at a lower rate. These two claims are summarized in (33). A larger effect size
means the derived phonological elements are more far away from their underlying counterparts in
speech production. And, under the gradient framework, such bigger difference in the phonetics
may be interpreted as bigger difference in the phonology, which may be reflected in the ability of

triggering another phonological process.

(33) Two further claims about the potential correlation between effect size of incomplete
neutralization and application rate of tone sandhi
Claim 1: An optional phonological process with a lower application rate will have a
larger effect size of incomplete neutralization.
Claim 2: A larger effect size of incomplete neutralization will trigger another

phonological process at a lower rate.

Both claims are not fully supported by the data collected for this dissertation. The data are
summarized in Table 32, which include the incomplete neutralization size of Tone 1/Tone 4
sandhis, the application rates of Tone 1/Tone 4 sandhis on the second syllable and the applications
of Tone 3 sandhi on the first syllable. The Tone 3 sandhi is triggered by derived Tone 3 from Tone
1/Tone 4 sandhis.

Claim 1 is buttressed by comparing Tone 1 sandhi process in different instantiations of the
same comparison. Tone 1 sandhi in Experiment 4 has a lower application rate than that in

Experiment 1. And as predicted by Claim 1, incomplete neutralization of Tone 1 sandhi in
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Experiment 4 has a larger effect size than that in Experiment 1. However, Claim 1 is not supported
by comparing Tone 4 sandhi process in different instantiations of the same comparison. Although
Tone 4 sandhi has a lower application rate in Experiment 2 than that in Experiment 4, incomplete
neutralization of Tone 4 sandhi in Experiment 2 has a smaller effect size than that in Experiment
4. Moreover, Claim 1 is not supported by comparing different phonological processes in the same
experiment. In Experiment 4, although Tone 1 sandhi has a lower application rate than Tone 4
sandhi, the effect size of incomplete neutralization of Tone 1 sandhi is smaller than the effect size
of incomplete neutralization of Tone 4 sandhi.

Claim 2 is supported by comparing different phonological processes in the same experiment.
In Experiment 4, Tone 4 sandhi has a larger effect size than Tone 1 sandhi. And as predicted by
Claim 2, derived Tone 3 from Tone 4 triggers Tone 3 sandhi at a lower rate than derived Tone 3
from Tone 1. However, Claim 2 is not supported by comparing the same phonological process in
different installations of the same experiment. For both Tone 1 and Tone 4 sandhi processes,
although the effect sizes of incomplete neutralization are larger in Experiment 4 than those in
Experiment 1 and 2. Derived Tone 3 from Tone 1 or Tone 4 triggers Tone 3 sandhi at a higher rate
in Experiment 4. Such results further undermine the basis of explaining incomplete neutralization

under a gradient framework.
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Tone 1/Tone 4

Tone 3 sandhi

Mean fO sandhi rate on rate triggered
Observed tone
Experiment difference the syllable of by incomplete
sandhi processes
(Hz)* incomplete neutralization
neutralization syllable
1 Tone 1 sandhi 18 72.1% 74.0%
2 Tone 4 sandhi 17 66.0% 24.2%
4 Tone 1 sandhi 27 49.6% 82.9%
4 Tone 4 sandhi 50 73.0% 31.5%

Table 32: The comparison of effect size and application rate of Tone 1/Tone 4 sandhi among
different experiments
Overall, both Claim 1 and Claim 2 are not supported by experimental data from Huai'an,
however, I still cannot assert if the two claims are absolutely right or wrong at this stage. First, the
amount of available data is too small. They are only from three experiments on a single language,
namely Huai'an. Second, a lot of other factors may affect the data from Huai'an. These factors
include variation among different experiments, variation among speaker groups, etc. To make

more fruitful discussions of this topic, | urge more future research on more languages. Importantly,

4 As a reminder, | only included derived Tone 3 tokens that actually trigger Tone 3 sandhi on the first syllable when
measuring the effect size of incomplete neutralization. | did so to avoid potential issue of annotation mistake. Therefore
I can make sure the measurement of effect size is as accurate as possible. In contrast, when calculating 'Tone 1/Tone
4 sandhi rate on the syllable of incomplete neutralization’, I trusted my annotation completely and did not count derived
Tone 3 tokens that do not trigger Tone 3 sandhi as Tone 1 or Tone 4. It is obvious from my experiments that derived
Tone 3 from Tone 1 triggers Tone 3 sandhi at a substantially higher rate than derived Tone 3 from Tone 4. Therefore,
if 1 count derived Tone 3 tokens that do not trigger Tone 3 sandhi as Tone 1 or Tone 4, the results will be heavily
biased. When calculating "Tone 3 sandhi rate triggered by incomplete neutralization syllable’, | also trusted my
annotation completely and did not count derived Tone 3 tokens that do not trigger Tone 3 sandhi as Tone 1 or Tone 4.
The reason is obvious, if | did so, the results will always be 100%, which makes this column of data meaningless.
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more detailed data need to be collected, which include both effect size of incomplete neutralization

and application rate of phonological process.

6.4  Good-Enough Logic

As explicitly stated in Chapter 1, the main difficulty of using phonetic measurements to probe
linguistic knowledge lies in that there are multiple performance factors that affect speech
production. The number of such performance factors is definitely largely considering the expected
large amount of unidentified factors that can be classified under categories like sociolinguistic
interactions. Therefore, as Chomsky (1964) indicated, the effort to improve experimental
techniques with the purpose of eliminating all interacting performance factors is almost
meaningless. And of course there is no guarantee that phonetic measurements can necessarily
inform of phonological representations.

However, in actual linguistic research, a good-enough logic is often implicitly employed.
Under such a logic, the efforts of ruling out some or even all previously identified performance
factors is viewed as good-enough, and the possibility of unidentified performance factors playing
arole is completely ignored, until such factors are identified. As expected, such a logic often leads
to a hasty conclusion about phonological representation. An obvious example from the current
dissertation is incomplete neutralization. During the 40 years of research on this phenomenon,
considerable efforts have been made to attenuate the potential impact from identified performance
factors such as writing system as introduced in Chapter 2. As a result, many researchers consider
the acoustic data from the improved experiments to be 'good enough' to directly inform of
phonological knowledge. And incomplete neutralization has been interpreted to pose a challenge

to the Standard generative view of Phonology where categorical phonological representation and
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a certain version of modular feed-forward model are assumed (Braver, 2019; Goldrick &
Blumstein, 2006; McCollum, 2019; Port & Leary, 2005; Manaster Ramer, 1996; Roettger et al.,
2014). However, as Huai'an cases clearly show in Experiment 1 and 2, even when all identified
performance factors in previous literature are controlled, the gap between phonetic measurement
and phonological knowledge is still great. And phonetic incomplete neutralization is compatible
with phonological complete neutralization.

The good-enough logic is also used in other topics of linguistics where the results can be
affected by an infinite number of factors. Another example that also comes from the current
dissertation is the attempt to establish phonetic equality. As stated in Chapter 3, there are an infinite
number of phonetic cues to be observed for any phonological elements, and phonetic identity
requires identity in all phonetic cues.*® In Huai'an, | have only showed derived Tone 3s at the
lexical and the post-lexical levels are indistinguishable with regard to identified important phonetic
cues including fO contour, duration and intensity contour. An implicit logic is of course identity in
these phonetic cues are 'good enough' to support the overall phonetic equivalence, which is
potentially problematic. However, fO contour is widely recognized as the main phonetic cue for
lexical tone. Also, there is evidence that native speakers of Mandarin languages can only rely
solely on fO contour or duration or intensity to distinguish lexical tones. Therefore | made an
argument in this dissertation that identity in fO contour, duration and intensity may be viewed as
being equivalent with general phonetic identity for Mandarin tones. | admit that there is no
guarantee that my argument employing 'good enough' logic is necessarily valid. Here 1 am only

proposing such hypothesis and leave it to the future research.

%5 This would mean that 'phonetic neutralization' or 'phonetic merger' is meaningless.
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| state this underlying logic explicitly here and hope such an act will not be understood as just
a criticism. The positive side of such logic should also be recognized. Although the available data
may be affected by an infinite number of unidentified intervening factors, such a situation should
not stop attempts to develop better theoretical framework that can account for the available data
and predict other patterns. Theories based on imperfect data can still be inspiring and pave the way
for better theoretical framework. And of course a theory that has prerequisites, i.e. only applicable
under certain situations, is also valuable. Newton's laws of motion are based on restricted data due
to the limited experimental techniques in the 17th century (Newton, 1687). Later Newton's laws
are found to be largely wrong at the scale of atoms and subatomic particles. However, the large
majority of scholars recognized the great value of Newton's theory, which sets up the basis for
classical mechanics and inspires more advanced theories in multiple subfields of physics.

To better solve the issue of an infinite number of performance factors in linguistic research, it
is worth thinking about methodology that can alleviate the influence from all performance factors
across the board. A practice in Experiment 4 is to make a within-language comparison of different
phonological processes. As recognized in Shaw et al. (2021), such a practice can attenuate

language specific factors (including performance factors) across the board.

6.5  Notan accident

Again as commented by Chomsky (1964), the relation between phonetic measurements and
phonological knowledge is rather remote, and it is hopeless to use just phonetic measurements to
probe phonological knowledge even with developed data-processing technigues.

However, linking hypotheses between phonetics and phonology proposed in recent studies

have been supported in multiple languages. And such success is unlikely to be just an accident,
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which means a direct link between phonetics and phonology may be possible under certain
situations. To give an example, Shaw et al. (2021) studied a certain contrast between a single
complex segment and a sequence of simplex phonological segments. The differentiation between
these two phonological concepts is rather difficult on both sides of phonology and phonetics. They
often involve identical units in phonology and identical gestures in speech production. Several

examples in IPA symbols are shown in (34).

(34) a. Segment sequences /pj/, Ikwl, Ikpl, Ips/

b. Complex segments /pi/, /k*/, /kpl, Ips/

Shaw et. al. (2021) proposed a linking hypothesis that the gestural coordinations in the
phonetics are different for phonological single complex segment and phonological segment
sequence. To be more specific, the gestures of a complex segment are coordinated with reference
only to gesture onsets, while the gestures of segment sequence are coordinated with reference to
the offset of the first gesture and the onset. This distinction is schematized in Figure 31, in which

(a) shows a complex segment timing, while (b) shows a segment sequence.

Complex segment : no lag Segment sequence : no lag

7/
’ ~ \ ’ ~ \
- 7@y N
1 \ ’ l \
/ \ ’ \

Figure 31: Gesture coordinations for single complex segment and segment sequence
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The hypothesis has been shown to be valid in English and Russian. These two languages are
randomly selected only because there is clear phonological evidence supporting the existence of
complex segment involving palatalized consonants in Russian and the existence segment sequence
case involves consonant—glide sequences in English. Such success is unlike to be just an accident
although more evidence from other languages will make us more confident about this conclusion.
Overall, the study of Shaw et. al. (2021) shows that it is possible in certain cases to use phonetic
measurements to diagnose phonological representations.

From my point of view, although there are an infinite number of performance factors that may
play a role in speech production, it is still logically possible that there are aspects of phonetic
invariance in the data that are stable against performance factors. And in these aspects, phonetic

measurements can reliably indicate phonological representations.
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CHAPTER 7 CONCLUSION

7.1  Summary

The primary goal of this dissertation is provide experimental evidence for the gap between
phonology and phonetics. | use Huai'an tone sandhi cases to undermine both statements developed
from strict correspondence between phonological representations and phonetic patterns. The two

statements are repeated here.

(35) Two statements about the strict correspondence between phonological representations
and phonetic patterns
Statement 1: Phonologically identical forms necessarily correspond with identical
phonetic distributions.
Statement 2: Phonologically different forms necessarily correspond with different

phonetic distributions.

My results suggest that these seemingly obvious statements are in fact too strong. And the
relationship between phonology and phonetics is rather remote. Furthermore, echoing the general
advice in Roettger et al. (2014), 1 would like to encourage more work on the topic and on my
particular claims, since the acceptance of any phenomenon should not be based on a single study
or a single language, and only by accumulating converging evidence from different methodologies
can we be more certain of it.

The observed phenomena in this dissertation also highlights a discrepancy between the

Standard generative view of Phonology (Kenstowicz, 1994; Pierrehumbert, 2002), wherein the
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output of phonological computation (the surface phonological representation) uniquely feeds into
a phonetics module, and Classic generative view of Phonology, where phonology is seen as
knowledge (Chomsky, 1965; Chomsky & Halle, 1965, 1968; inter alia). Note, both views represent
feed-forward models, where phonological computation feeds into phonetic manifestations, but
phonetic manifestations cannot feed into phonological computation. However, as per the latter
view, linguistic performance is a multi-factorial problem, and linguistic knowledge (i.e.,
competence) is only one of the many factors involved (Chomsky, 1964, 1965; Schitze, 1996;
Valian, 1982; Warner et al., 2004; inter alia).*®

My results from Huai'an are problematic for the Standard generative view of Phonology - if
phonetic manifestations depend solely on the output of phonology and nothing else, then it is of
course the case that such a view cannot account for cases where phonological neutralization can
still result in distinctness in the phonetics or phonologically different forms can have identical
phonetic distribution. However, my results are not in conflict with the Classic generative view of
Phonology. Phonology, as per this latter view, is conceived of as grammatical knowledge that is
used by a speaker to map a string of lexical items in a specific syntactic structure to articulations,
and the use of this knowledge is affected by multiple other performance factors. Consequently,

nonalignment between phonology and phonetics are predicted to widely exist.

46 | am not aware of any explicit argumentation that has ever been put forward in support of the Standard generative
view over the Classic generative view. So, | am at a loss as to precisely when and, more importantly, why this change
in viewpoints occurred. Here, | simply note the discrepancy.
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7.2 Lingering question

A lingering question about the Huai'an incomplete neutralization cases is why different
phonetic cues neutralize in different fashions. The patterns found Experiment 1 and 2 are shown

again here in Figure 32 and Figure 33.

Tone Sandhi

@ Derived T3 (/T1/—[T3])
A Underlying T3 (/T3/—[T3])
M Underlying T1 (/T1/—[T1])

o
o

o
o

Analysis

o]

@ Crucial Comparison
Reference

fO value (z-score transformed)

o

D!‘m ?5"‘4. 50‘":: 75"‘-., 1 \'}h %
Percentage step of pitch contour

Figure 32: Contours comparison of the second syllable in Experiment 1 (Tone 1)
(Error bars indicate standard error)

Tone Sandhi

o5l @ Derived T3 (/T4/—[T3])
A Underlying T3 (/T3/—[T3])
M Underlying T4 (/T4/—[T4])

0.04

Analysis

051 @ Crucial Comparison
Reference

fO value (z-score transformed)

0% ?5‘"’;. 50‘":: 75"‘-., 1 ﬂh %
Percentage step of pitch contour

Figure 33: Contours comparison of the second syllable in Experiment 2 (Tone 4)
(Error bars indicate standard error)
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For Tone 1 sandhi, based on the visual inspection of the data, the derived Tone 3 seems to start
as an underlying Tone 3 and ends as an underlying Tone 1. And the contour shape of the derived
Tone 3 is close to that of an underlying Tone 3. While for Tone 4, the derived Tone 3 seems to
start as an underlying Tone 4 and then gradually deviates from underlying Tone 4 through the
whole contour.

Although the pattern of derived Tone 3 from Tone 1 is not fully replicated in Experiment 4.
The almost perfect alignment found in onset positions of tones in Experiment 1 (Tone 1 sandhi)
and Experiment 2 (Tone 4 sandhi) is unlikely to be just an accident. Due to the limitation of the
current dissertation, an explanation cannot be provided for the tonal contour patterns and why
onset and offset positions neutralize in different fashions. However, | would like to emphasize
again that any proposed explanations should take into consideration of the desiderata for a theory
of incomplete neutralization stated in Section 4.1.1. Most importantly, if these tonal contour
patterns can be assigned to performance factors without complicating the phonological theory, it

would be optimal to do so.
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APPENDIX A: STIMULI FOR EXPERIMENT 1 ON TONE 1 SANDHI

Sentence IPA Pinyin Word-by- Translation of the UR SR
word gloss whole sentence
= . ‘Mr. Wu' ‘Mr. Wu plays with
ZEZE | upatei | wubache olay’ ‘car’ cars.’ T2T3T1 | T2T3T1
‘Mr. Wu' , .
R4 | ukufon | wugufen | 'encourage’ Mr. W tries to, T2T3T1 | T2T3T1
S increase points.
points
= . ‘Mr. Wu' 'Mr. Wu calls for a
RfJE | wtatei | wudache | ..o ! T2T3T1 | T2T3T1
‘Mr. WU' . .
SHE4F | upaxa | wu baxia play | MrWuplayswith | torary | o371
ehrian' shrimp.
shrimp
‘Mr. Wu'
= 4m o , . '‘Mr. Wu places
RIZYF | upexa | wu baixia | place | shrimp (in a plate). T2T3T1 | T2T3T1
shrimp
‘Mr. WU' .
RIRE | upotei | wubaoche 'protect’ Mr. Vg;rgr'otects T2T3T1 | T2T3T1
‘car’ '
= . ‘Mr. Wu' 'Mr. Wu catches T2T1T1/
Z#\ZE | upatei | wubache qrasp’ 'car cars.! T2TITL | ety
‘Mr. Wu' .
i 'Mr. Wu estimates T2T1T1/
= AN 1 '
R4 | ukufon | wugufen estimate sCores." T2TITL | oraty
scores
o gt . ‘Mr.Wu' | o T2T1T1
R¥EZE | utatei | wudache take 'cars' | MF-Wugetsaride.” | T2TIT1 | orary
‘Mr. Wu'
= . . . '‘Mr. Wu smashes T2T1T1/
ZH\4F | upaxa | wu baxia .Sm-aSh. shrimp (to eat).’ T2TITL | {ofaty
shrimp
‘Mr. Wu'
= 0 . \ . | 'Mr. Wu breaks off T2T1T1/
SIEF | upexa | wu baixia t?rea}< oflf shrimp (to eat). T2TITL | {5137y
shrimp
= . ‘Mr. Wu' , . T2T1T1/
REIZE | upotei | wubao che rent' 'car | MI-Wurents cars.' | T2T1T1 | 2o
. . ‘Mr. Wu' ‘Mr. Wu plays with
EIBZE | upatei | wubache lay’ ‘car’ cars. T3T3T1 | T2T3T1
‘Mr. Wu' .
— ‘Mr. Wu tries to
=+ /N 1 '
5 | ukufon | wugufen encourage increase points. T3T3T1 | T2T3T1
points
— : ‘Mr. Wu' 'Mr. Wu calls for a
EFI% | utatei | wudache | .o i T3T3T1 | T2T3T1
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Table 33: Stimuli for Experiment 1 on Tone 1 sandhi




Table 33: (cont'd)

Mr. Wur '‘Mr. Wu plays with

FAOEF | upaxa | wu ba xia ‘play’ e pay: T3T3T1 | T2T3TL
Shrimp’ shrimp.
Mr. WU '‘Mr. Wu places

FIEYF | upexa | wu bai xia Sm?rc]:ap shrimp (in a plate). T3T3T1 | T2T3T1
‘Mr. Wu' .

R | upotei | wubaoche | ‘protect | MI VZ;‘rETOteCtS T3T3T1 | T2T3T1

‘car' '

— . ‘Mr. WU' 'Mr. Wu catches T3T1TL/

EHH\ZE | upatei | wubache qrasp’ ‘car cars.! T3TATL | 1o7at1
‘Mr. WU' . .

T4 | ukufon | wugufen estimate’ Mr. Wu estllmates T3T1T1 T3TL1TL/
scores' scores. T2T3T1

e . Mr WU | o T3TITL/

HHZ%E | utatei | wudache take' ‘cars | MT-Wu getsaride.’ | T3TITL | 2oy
‘Mr. Wu'

—p . . . ‘Mr. Wu smashes T3T1TL/

EH#\4F | upaxa | wu baxia :Q:Iarzr; shrimp (to eat). T3TITL | ety
‘Mr. WU'

— . '‘Mr. Wu breaks off T3T1TL/

\ ] 1

EHIEE | upexa | wu baixia t?;ﬁ?:(mopff shrimp (to eat). T3TITL | {513ty

— . 'Mr. Wu' . . T3T1T1/

B4 | upotei | wubao che rent' 'car' | MT-Wurents cars.! | T3TATL | oty
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APPENDIX B: STIMULI FOR EXPERIMENT 2 ON TONE 4 SANDHI

Sentence IPA Pinyin Word-by- | Translation of the UR SR
word gloss whole sentence
= o34 . . ‘Mr. WU' ‘Mr. Wu is under
SR | uposuei | wu bao shui ‘protect 'tax’ bond.” T2T3T4 | T2T3T4
‘Mr. Wu' .
= oo 'Mr. Wu avoids
RERA | utozow | wu duo rou 'av0|d' eating meat. T2T3T4 | T2T3T4
meat
‘Mr. Wu' ‘Mr. Wu
= MRS . ‘touch’ diagnoses by
BB | upame | wu bamai blood touching blood T2T3T4 | T2T3T4
vessel' vessels.'
. ‘Mr. WU'
o s . wu dai . . 'Mr. Wu catches
REZ | uteeid Xiang catch' elephants. T2T3T4 | T2T3T4
elephant
‘Mr. WU' ‘Mr. Wu
Kt | upupho | wubupao | 'replenish' replenishes the | T2T3T4 | T2T3T4
‘cannons' | stock of cannons.'
= . . . ‘Mr. Wu' 'Mr. Wu does T2T4T4/
KIRFE | uposuei | wu bao shui |, declare' ‘tax’ taxes T2T4T4 ToT3T4
= ‘Mr. Wu' '‘Mr. Wu chops T2T4T4/
A
RHA | utozow | wu duo rou chop' ‘meat meat.” T2TATA | ooty
‘Mr. Wu stops
an : ‘Mr. Wu' . T2T4T4/
RZESFL | upame | wubamai | ., selling (to T2T4T4
stops' 'sell orotest). T2T3T4
. ‘Mr. WU'
—_— . wu dai . : ‘Mr. Wu takes T2TAT4/
RER | utecik xiang tlake a'°”9 along elephants.’ TeTaT4 T2T3T4
elephant
‘Mr. WU'
= . . ‘Mr. Wu deploys T2TAT4/
\ h
K%M | upupho | wubu pao | deploy | cannons.” T2T4T4 | orata
cannons
— . ) i ‘Mr. WU' ‘Mr. Wu is under
EARH | uposuei | wu bao shui orotect” ‘tax’ bond.’ T3T3T4 | T2T3T4
Mr. WU 'Mr. Wu avoids
—an e .
EHA | utozow | wu duo rou 'av0|d' eating meat. T3T3T4 | T2T3T4
meat
‘Mr. Wu' ‘Mr. Wu
LT RS . ‘touch'’ diagnoses by
FH3ERK | upame | wu bamai blood touching blood T3T3T4 | T2T3T4
vessel' vessels.'
. ‘Mr. WUu' ,
HBE | uieein | VU0 catchy | MrWucatches | parary | o374
xiang ‘elephant elephants.

Table 34: Stimuli for Experiment 2 on Tone 4 sandhi
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Table 34: (cont'd)

‘Mr. Wu' 'Mr. Wu
4\ | upupho | wubupao | 'replenish' replenishes the | T3T3T4 | T2T3T4
‘cannons' | stock of cannons.'
N . . ‘Mr. Wu' 'Mr. Wu does T3TAT4/
EURAL | uposuei | wu bao shui 'declare’ 'tax’ taxes' 137474 T2T3T4
_n ‘Mr. Wu' '‘Mr. Wu chops T3T4T4/
Iy
EAMA | utozow | wu duo rou chop' 'meat meat. T3TATA | oraTa
‘Mr. Wu stops
— : ‘Mr. Wu' . T3T4T4/
=S5
EHZESL | upame | wubamai stops' 'sell’ selling (tf) T3T4T4 ToT3T4
protest).
. ‘Mr. WU'
—_— s wu dai : , 'Mr. Wu takes T3T4T4/
BER | uteeid xiang tlake 3'0”9 along elephants.’ T3T4T4 T2T3T4
elephant
‘Mr. WU'
— : \ ‘Mr. Wu deploys T3T4T4/
\ h
EHE | upupho | wu bu pao 'ciielngs' cannons." T3T4T4 | oraty
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APPENDIX C: STIMULI FOR EXPERIMENT 3 ON TONE 4 SANDHI AT THE
LEXICAL AND POST-LEXICAL LEVELS

Word-by-

Translation of the

Sentence IPA Pinyin UR SR
word gloss whole sentence
'Mr. WU' . .
<@ | ukesu | wugaisu 'renovate' Mr. zviés,under T2T3T4 | T2T3T4
‘dorm’ ond.
'Mr. WU' . .
SRR | uposun | wubaosong | ‘protect’ Mr. Wu avoulzls T2T3T4 | T2T3T4
. : eating meat.
Mr. Song
'Mr. WU' ‘Mr. Wu
KRG | utetei | wugaijian | 'refurbish’ refurbishes T2T3T4 | T2T3T4
'sword' swords.'
'Mr. Wu' |, .
24 | ukofu | wugaofu | find fault | M© Wufindsfault | porars | rorary
. . with Mr. Fu.
Mr. Fu
N - ‘Mr. WUu' ‘Mr. Wu bus
R¥TR | utaf® | wudafan buy’ ‘meal’ eals. T2T3T4 | T2T3T4
'Mr. WU' .
P . . ‘Mr. Wu builds T2TATA/
= i '
X<mia ute su wu gai su .gu"d. dorm.’ T2TAT4 ToT3T4
orm
'Mr. Wu' .
IR | uposug | wu bao song 'hug' Mr. Wu h“‘{"s ME | rorars | T2T4T4
. . Song. T2T3T4
Mr. Song
'Mr. WU' .
D e A . - e 'Mr. Wu brings T2T4T4/
Rl | utetel | wu daijian 'brmgl sword. T2TATA | ora1y
sword
'Mr. WU' \
RENM | ukofu | wugao fu 'sue' Mr. Wu SUes M ToTaTa 121474/
, , Fu. T2T3T4
Mr. Fu
e - ‘Mr. Wu' ‘Mr. Wu stops T2T4T4/
REK | upats@ | wubazhan stop’ ‘war wars. T2TATA | LoraTy
‘Mr. WU' . .
HZ®\ | ukesu WU gai su 'renovate' Mr. Eviés,under T3T3T4 | T2T3T4
‘dorm'’ ond.
'Mr. WU' . .
PR | uposun | wubaosong | ‘protect’ Mr. _Wu avouljs T3T3T4 | T2T3T4
. . eating meat.
Mr. Song
'Mr. WU' 'Mr. Wu
g8l | utetei | wugaijian | ‘refurbish’ refurbishes T3T3T4 | T2T3T4
'sword' swords.'

Table 35: Tone 4 sandhi at the post-lexical level (Experiment 3)
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Table 35: (cont'd)

Mr. WU ‘Mr. Wu finds fault
HiEfT | ukofu | wugaofu | 'find fault’ » , T3T3T4 | T2T3T4
\ . with Mr. Fu.
Mr. Fu
T ~ ‘Mr. Wu' 'Mr. Wu bus
EHFfTk | utafe | wudafan buy’ 'meal eals. T3T3T4 | T2T3T4
‘Mr. Wu' . .

HERE | utesu | wugaisu | build Mr. Wubuilds | paryp, | T3T4T4/
. . dorm. T2T3T4
dorm

‘Mr. Wu' .

EIR | uposug | wu bao song 'hug' Mr. Wu h“?’s Mr 1 raraTe | TTATA
: . Song. T2T3T4
Mr. Song
‘Mr. Wu' .

- . - . 'Mr. Wu brings T3T4T4/

EHES | uteted | wu daijian | bring | sword." T3T4T4 | rata
sword

‘Mr. Wu' .
HERT | ukofu | wugaofu 'sue’ Mr. Wu SUes Mr | raraTa | T3T4T4
, , Fu. T2T3T4
Mr. Fu
—i T b ~ ‘Mr. Wu' ‘Mr. Wu stops T3TAT4/
24 | upats& | wu bazhan ‘stop’ ‘war wars. T3T4T4 ToTaT4
Sentence IPA Pinyin Word-by- | Translation of the UR SR
word gloss whole sentence
s . 'Mr. WU' ‘Mr. Wu
St | ukesu | wugaishu ‘oaraphrase paraphrases.” T2T3T4 | T2T3T4
Mr. Wu' ‘be acll\:lr{i-t:/evdu(lt?y
E1RZ%E | uposug | wu bao song admltteo! college/university T2T3T4 | T2T3T4
test-free .
letc.) test-free.

= . - ‘Mr. Wu' '‘Mr. Wu rebuilds

RINEZE | uketel | wugaijian rebuild (some buildings).’ T2T3T4 | T2T3T4

2@45 | upoxu | wubaohu '\;'rrot\é\ég 'Mr. Wu protects.’ | T2T3T4 | T2T3T4

‘Mr. WUu' . .
2376t | utats® |wudazhang | fighta | ME-WURIGNSA | porars | roTas
, battle.
battle

= L3 . ‘Mr. Wu' ‘Mr. Wu T2T4T4/

AR upesu | wugaishu 'summarize' summarizes.’ 21414 T2T3T4

= 4 ‘Mr. Wu' ‘Mr. Wu submits T2T4T4/

AIHE | upasuy | wu bao song 'submit’ (something).' T2TaTa T2T3T4

, - ‘Mr. Wu' 'Mr. Wu likes T2T4T4/
= /= [7] ~

eSS utetei | wu daijian likes' (someone). T2TAT4 ToT3T4

Table 36: Tone 4 sandhi at the lexical level (Experiment 3)
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Table 36: (cont'd)

‘Mr. WU'
= . . 'Mr. Wu catches T2TAT4/
=& | ukofu | wugaofu | catch | elephants.’ T2T4T4 T2T3T4
elephant
== ~ ‘Mr. WU' . \ T2T4T4/
=FEh | upatse | wubazhan Tose' Mr. Wu lost. T2T4T4 T2T3T4
s . ‘Mr. WU' ‘Mr. Wu
Eeg#t | ukesu | wugaishu ‘paraphrase’ paraphrases.” T3T3T4 | T2T3T4
FAE% | uposun | wubaosong | admitted Y T373T4 | T2T3TA4
. college/university
test-free :
[etc.) test-free.
. . - ‘Mr. Wu' ‘Mr. Wu rebuilds
EEg#E | uketel | wu gaijian rebuild” | (some buildings). T3T3T4 | T2T3T4
IR | upoxu | wubaohu '\Ff'rrot\é\é‘tj 'Mr. Wu protects.' | T3T3T4 | T2T3T4
‘Mr. WUu' . .
ATt | utats® | wudazhang | ‘fighta Mr.Wufights a | rorary | ToT3T4
. battle.
battle
T : 'Mr. Wu' ‘Mr. Wu T3T4T4/
R ukesu | wu baishu 'summarize' summarizes.’ T3T4T4 T2T3T4
4 s ‘Mr. Wu' '‘Mr. Wu submits T3T4T4/
EUIREA | uposuy | wu bao song 'submit’ (something).' T3T4T4 T2T3T4
— - 'Mr. WU' 'Mr. Wu likes T3T4T4/
=+ |—| ~
RN utetel | wu daijian likes (someone). T3TAT4 ToT3T4
‘Mr. WU'
oy . , 'Mr. Wu catches T3T4T4/
H&EM | ukofu | wugaofu | catch | elephants. T3TATA | ooty
elephant
e - '‘Mr. Wu' : . T3T4T4/
EH%& | upats& | wubazhan Tose' Mr. Wu lost. T3TATA | ooty
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APPENDIX D: STIMULI FOR EXPERIMENT 4 ON TONE 1/TONE 4/TONE 3

SANDHIS
Sentence IPA Pinyin Word-by- Translation of the UR SR
word gloss whole sentence
= . ‘Mr. Wu' ‘Mr. Wu plays with
R¥BZE | upatei | wu bache olay’ ‘car cars.! T2T3T1 | T2T3T1
‘Mr. Wu' .
‘Mr. Wu tries to
(=2 JAN ' !
=g | ukufon | wugufen er]co_urage increase points.” T2T3T1 | T2T3T1
points
‘Mr. WU' . .
RBYF | upaxa | wubaxia ‘play’ Mr. Wu _playls WIth | rora11 | T273T1
repirn! shrimp.
shrimp
Mr. WU ‘Mr. Wu places
RiZ4F | upexa | wu baixia | place | shrimp (in a plate).’ T2T3T1 | T2T3T1
shrimp
‘Mr. WU' .
2@% | upotei | wubaoche | ‘protect | I VZ:rEr,OtECtS T2T3T1 | T2T3T1
‘car' '
‘Mr. WU' .
2@ | uposu | wubaoshu | ‘protect | T WUPrOCES | popory | ToTaTy
. . books.
book
= . ‘Mr. WU' 'Mr. Wu catches T2T1T1/
RI\ZE | upatei | wubache grasp’ ‘car cars.! T2TATL | Torat1
‘Mr. WU' .
i '‘Mr. Wu estimates T2T1T1/
= AN 1 '
R4 | ukufon | wugufen estimate SCores. T2TITL | {oraty
scores
‘Mr. WU'
= . . . '‘Mr. Wu smashes T2T1T1/
ZI\4F | upaxa | wu baxia Ismgshl shrimp (to eat).’ T2TITL | {ofaty
shrimp
‘Mr. WU'
= 0 o . . | 'Mr. Wu breaks off T2T1T1/
RIFEF | upexa | wu baixia t?reak oflf shrimp (to eat). T2TATL | Torat1
shrimp
= . ‘Mr. Wu' , . T2T1T1/
REZE | upotei | wubao che vent 'car | MI-Wurents cars.' | T2T1T1 | Lo
‘Mr. WU' ‘Mr. Wu covers ToOT1TY
REH | uposu | wubaoshu ‘cover' books (with book | T2T1T1
. : . T2T3T1
book cover).
— . ‘Mr. Wu' '‘Mr. Wu plays with
B4 | upatei wu ba che lay’ “car cars.’ T3T3T1 | T2T3T1
‘Mr. Wu' .
— ‘Mr. Wu tries to
F=-AN 1 '
5 | ukufon | wugufen eqsg;;nrtasge increase points. T3T3T1 | T2T3T1

Table 37: Tone 1 sandhi (Experiment 4)
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Table 37: (cont'd)

Mr. Wur 'Mr. Wu plays with
FAOEF | upaxa | wu ba xia ‘play’ ' Shri'?n y: T3T3T1 | T2T3TL
'shrimp’ P-
Mr. Wu '‘Mr. Wu places
EIEGF | upexa | wu baixia | place | shrimp (in a plate). T3T3T1 | T2T3T1
shrimp
‘Mr. Wu' .
R | upotei | wubaoche | ‘protect | MI VZ;‘rEr.OteCtS T3T3T1 | T2T3T1
‘car' '
‘Mr. Wu' .
EHARF | uposu | wubao shu 'protect’ Mr. \éVu prc')tects T3T3T1 | T2T3T1
: . 00Kks.
book
— . ‘Mr. WU' 'Mr. Wu catches T3T1T1/
EHHI\ZE | upatei | wubache grasp’ ‘car cars.! T3TITL | 151371
‘Mr. Wu' i
— . '‘Mr. Wu estimates T3T1T1/
AN ' 1
EHfE% | ukufon | wugufen estimate SCOres. T3TATL | 1o7a71
scores
‘Mr. Wu'
— . . , ‘Mr. Wu smashes T3T1T1/
EHH\EF | upaxa | wubaxia Ism_ashl shrimp (to eat).’ T3TITL | oraty
shrimp
‘Mr. Wu'
— L 'Mr. Wu breaks off T3T1T1/
A¥ ] ]
EIEF | upexa | wu baixia l:l)rea_k oflf shrimp (to eaf). T3TATL | 157371
shrimp
— : ‘Mr. Wu' |, . T3TL1TL/
HEBZE | upotei | wubao che vent' car | MI-Wurents cars.' | T3TIT1 | o
‘Mr. Wu' '‘Mr. Wu covers T3T1TY
BB+ | uposu | wubaoshu '‘cover' books (with book | T3T1T1
. . . T2T3T1
book cover).
Sentence IPA Pinyin Word-by- | Translation of the UR SR
word gloss whole sentence
Mr. Wur ‘Mr. Wu is under
S2{RF | uposuei | wubaoshui | 'protect ' b01111 ds,u | T2T3T4 | T2T3T4
tax’ )
'Mr. WU' .
= pn S 'Mr. Wu avoids
RHA | utozow | wu duo rou Iavmdl eating meat T2T3T4 | T2T3T4
meat
'\gug\éu 'Mr. Wu diagnoses
ZIERKX | upame | wubamai blood by touching blood | T2T3T4 | T2T3T4
vessel vessels.'

Table 38: Tone 4 sandhi (Experiment 4)
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Table 38: (cont'd)

wu dai Mr. WU ‘Mr. Wu catches
RFEE | uteci® ; ‘catch’ ' . T2T3T4 | T2T3T4
xiang . . elephants.
elephant
'Mr. WU' 'Mr. Wu
R4 | upupho | wubupao | 'replenish’ replenishes the | T2T3T4 | T2T3T4
‘cannons' | stock of cannons.'
= 3¢ u teu . 'Mr. WU' '‘Mr. Wu holds
REAR 7ot WUJUTOU |y meat ! T2T3T4 | T2T3T4
‘Mr. Wu' .
RIRFHE | uposuei | wubaoshui | ‘declare’ Mr.tav)\(/:S(floes T2T4T4 -.II-_ZZTI_g_II-_j/
Tax’ '
‘Mr. Wu' .
RHMA | utozow | wu duo rou ‘chop’ Mr. r\r/]\(/eL;tC'hOpS T2TAT4 -'II-'ZZTI'g'II-'il/
'‘meat’ '
. . ‘Mr. Wu stops
. Mr. Wu . T2TAT4/
— oo g:,
R<ZESE | upame | wubamai ‘stops' ‘sell selling (t9 T2TAT4 ToT3T4
protest).
. ‘Mr. Wu'
oy i~ wu dai . . ‘Mr. Wu takes T2T4T4/
RER | utecid xiang t'ake a'°”9 along elephants.' T2TaT4 T2T3T4
elephant
‘Mr. Wu'
= . . ‘Mr. Wu deploys T2T4T4/
\ h
R | upupho | wubu pao | deploy ' annons." T2TATA | Loraty
cannons
‘Mr. Wu'
= u teu . . . '‘Mr. Wu refuses to T2T4T4/
<ER Zou WU ju rou fefuse:\ eat meat T2T4T4 T2T3T4
meat
'Mr. WU' . .
2B | uposuei | wubaoshui | ‘protect | T x‘;és,“nder T3T3T4 | T2T3T4
'tax’ )
‘Mr. Wu' . .
A | utozow | wuduorou | ‘avoid: '\g;tl\r’]\’”rﬁ‘e’gt'ds T3T3T4 | T2T3T4
'meat’ g '
I\/tl(;u\cl\éu '‘Mr. Wu diagnoses
K | upame | wubamai blood by touching blood | T3T3T4 | T2T3T4
' vessels.'
vessel
. ‘Mr. Wu'
—s in wu dai . . '‘Mr. Wu catches
HIEZ | uteeid xiang ‘catch’ elephants. T3T3T4 | T2T3T4
elephant
‘Mr. Wu' ‘Mr. Wu
E#NE | upupho | wubupao | 'replenish’ replenishes the | T3T3T4 | T2T3T4
‘cannons’ | stock of cannons.’
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Table 38: (cont'd)

171

s u teu . '‘Mr. Wu' 'Mr. Wu holds
EEN Zour WUJUTOU |y meat.’ T3T3T4 | T2T3T4
‘Mr. Wu'

N . . \ . ‘Mr. Wu does T3TAT4/
EIRFL | uposuei | wu bao shui d?tc;IXa're s T3TAT4 | orata
‘Mr. Wu' .

EHAIA | utozow | wu duo rou 'chop' Mr. Wu C,hOpS T3T4T4 T3T4T4/
. . meat. T2T3T4
meat

‘Mr. Wu stops

. : ‘Mr. Wu' . T3T4T4/

=55

HZ2E5E | upame | wubamai stops' 'sell selling (t9 T3TATA | o137y

protest).
. ‘Mr. Wu'
— .~ wu dai '‘Mr. Wu takes T3TAT4/
HE2 | uteeci@ . 'take along’ ., | T3T4T4
xiang ‘elephant along elephants. T2T3T4
‘Mr. Wu'
— . . ‘Mr. Wu deploys T3TAT4/
| h
EHE | upupho | wubu pao | deploy ' annons." T3TATA | Lora1y
cannons
‘Mr. Wu'
— uteu . : , '‘Mr. Wu refuses to T3TAT4/
e e rﬁ]fg;’te eat meat.’ T3T4T4 | 1o13Ta
Sentence IPA Pinyin Word-by- | Translation of the UR SR
word gloss whole sentence
Mr WU g, W captures
24230 | ufuson | wufushen | ‘capture’ - Wu Capll T2T2T3 | T2T2T3
. . Mr. Shen.
Mr. Shen
‘Mr. WUu' \ .

242 | uciko | wuxieguo | bring Mr. Wubrings | +orors | 127273
. . candy.
candy

U XU ‘Mr. WU' ‘Mr. Wu pastes
=i Ihor wu hu kou 'paste’ mouths (meaning: | T2T2T3 | T2T2T3
'mouth’ to feed someone).'
Mr. WU ‘Mr. Wu moves
R¥M | uisen | wuyishen 'move' ' , T2T2T3 | T2T2T3
. . Mr. Shen.
Mr. Shen
‘Mr. WU' .
S5 | ufuey | wufuxu ‘help’ Mr. Wuhelps | roror3 | 121273
' : Mr. Xu.
Mr. Xu
= . ‘Mr. Wu' 'Mr. Wu buries
=B | umeko | wu maiguo bury’ *fruits’ fruits." T2T2T3 | T2T2T3
Table 39: Tone 3 sandhi (Experiment 4)




Table 39: (cont'd)

Mr. WU 'Mr. Wu assists
SEW | ufuson | wu fushen ‘assist! ' . T2T3T3 | T2T2T3
. . Mr. Shen.
Mr. Shen
‘Mr. WU' .
2%E | uciko | wuxiguo ‘wash' Mr. wu‘}t‘é"fﬁhes T2T3T3 | T2T2T3
fruits' )
‘Mr. WUu' \ .
2w | YUY | wohugou | cfrighten | MY WUTGNENS | popors | oot
kow o dogs
dog
Mr. WU ‘Mr. Wu leans on
REM | uisen | wuyishen 'lean on' ; ) T2T3T3 | T2T2T3
. . Mr. Shen.
Mr. Shen
‘Mr. WUu' . .
REYE | ufuey | wufuxu 'spoil’ Mr. Wu spoils | roraps | o273
' . Mr. Xu.
Mr. Xu
=5 , ‘Mr. Wu' 'Mr. Wu buys
RER | umeko | wumaiguo buy' fruits’ fruits." T2T3T3 | T2T2T3
‘Mr. WU'
— s . . ‘Mr. Wu captures T3T2T3/
EHAZM | ufuson | wu fushen 'capture| Mr. Sher.” T3T2T3 T2T2T3
Mr. Shen
‘Mr. WU' .
— . . ey '‘Mr. Wu brings T3T2T3/
HIER | ueiko | wu xie guo lbrlngl candy. T3T2T3 T2T2T3
candy
‘Mr. WU' ‘Mr. Wu pastes
i Hxu wu hu kou 'paste’ mouths (meaning: | T3T2T3 TsT2rs/
khow , , , T2T2T3
mouth to feed someone).
‘Mr. WU'
2o ) . 'Mr. Wu moves T3T2T3/
57\ 1 1
A2 | uison | wuyishen _‘move’ Mr. Shen. T3T2T3 T2T2T3
Mr. Shen
‘Mr. WuU'
s e ‘Mr. Wu helps T3T2T3/
HEF | ufuey | wufuxu help' M. X T3T2T3 | o773
Mr. Xu
— . ‘Mr. Wu' '‘Mr. Wu buries T3T2T3/
BIER | umeko | wumai guo ‘bury’ fruits' fruits.' 31273 T2T2T3
‘Mr. WU' .
gy e 'Mr. Wu assists T3T2T3/
EHM | ufuson | wu fushen assist’ Mr. Shen." T3T3T3 | oo1a
Mr. Shen
‘Mr. WU'
iy . . , , 'Mr. Wu washes T3T2T3/
xR | ueiko | wuxiguo .Wa-Sh. fruits. T3T3T3 | 11073
fruits
‘Mr. WU' .
_n uxu e : ‘Mr. Wu frightens T3T2T3/
EIE Ko wu hu gou frllggéclen dogs T3T3T3 | oo7a
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Table 39: (cont'd)

'Mr. WU'
TN ) . , . 'Mr. Wu leans on T3T2T3/
&M | uisen | wuyishen ' lean on | Mr. Shen." T3T3T3 ToT2T3
Mr. Shen
'Mr. WU' .
N i 'Mr. Wu spoils T3T2T3/
HEF | ufuey wu fu xu ' spoil | M. XU T3T3T3 T2ToT3
Mr. Xu
—p = . 'Mr. WU' 'Mr. Wu buys T3T2T3/
ER | umeko | wumai guo 'buy’ 'fruits' fruits.' T3T3T3 | o073
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APPENDIX E: DISTRIBUTION OF UNDERLYING TONE 1, DERIVED TONE 3 AND
UNDERLYING TONE 3 IN EACH STEP IN EXPERIMENT 1

0 1
3 3
2, 2
; 3
N N
[ [
=2 =2
[ [
> >
=N 2o
Underlying T1 (T1/—[T1]) Derived T3 (T1/—[T3]) Underlying T3 (IT3/—[T3]) Underlying T1 (T1/—[T1]) Derived T3 (T1/—([T3)) Underlying T3 (/T3/—(T3])
Tone sandhi condition Tone sandhi condition
2 3
3
5 -
3 3
A § 1
N1 N
o @
2 =
8o g
e =4
-1 -1
Underlying T1 (T1/—[T1]) Derived T3'[iT‘|i +[T3]) Underlying 3 (T3i—[T3]) Underlying T1 (/T1/—{T1]) Derived T3 (IT1/+{T3)) Underlying T3 (IT3/—[T3])
Tone sandhi condition Tone sandhi condition
4 5
T 2 52
8 B
8, 8
o Do
N N
o o
= =2
[ @2
> A >
e e
Undertying T1 (T/—[T1]) Derived TJ’[#T‘U (T3], Underlying Ta (IT3/—[T3)) Underlying T (T1—{T1]) Derived T3.(IT1.’4[T3]! Underlying ™ (T3/—[T3))
Tone sandhi condition Tone sandhi condition
6 7
—_ 2 ¥
] 2
B g
] 8
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4] @ ]
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e e
. -2
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Tone sandhi condition Tone sandhi condition
8 9
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o o
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g S
e e
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v
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o o !
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N o
o1 o
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© [}
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e e
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Figure 34: Distribution of underlying Tone 1, derived Tone 3 and underlying Tone 3 in each step
in Experiment 1
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Figure 34: (cont'd)
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APPENDIX F: DISTRIBUTION OF UNDERLYING TONE 4, DERIVED TONE 3 AND
UNDERLYING TONE 3 IN EACH STEP IN EXPERIMENT 2
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Figure 35: Distribution of underlying Tone 4, derived Tone 3 and underlying Tone 3 in each step
in Experiment 2
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Figure 35: (cont'd)
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APPENDIX G: COMPARISON OF RAW DURATION OF THE TWO TONE 3S IN
EXPERIMENT 3 BY SPEAKER
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Figure 36: Comparison of raw duration of the two Tone 3s in Experiment 3 by speaker
(Note: the numbers on the top indicate speaker)
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APPENDIX H: DISTRIBUTION OF UNDERLYING TONE 1, DERIVED TONE 3 AND
UNDERLYING TONE 3 IN EACH STEP IN EXPERIMENT 4
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Figure 37: Distribution of underlying Tone 1, derived Tone 3 and underlying Tone 3 in each step

in Experiment 4
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Figure 37: (cont'd)

12 13
2 2
f——d —
o o
@
‘g 1 § 1
N N
~q =~
E 3
5 >
e’ e
Underlying T1 (T1/—[T1)) Derived T3 (T1/—~[T3]) Underlying T3 (IT3/—[T3)) Underlying T1 (/T1/—[T1]) Derived T3 (T1/—{T3]) Underlying T3 (/T3/—[T3])
Tone sandhi condition Tone sandhi condition
14 15
2

o

{0 value (Z-scored)

fO value (Z-scored)
o

<> o

e

R
R

Underlying T1 (T1/—[T1)) Derived T3 (/T1/—[T3)) Underlying T3 (T3/—[T3]) Underlying T1 (T1/—[T1]) Derived T3 (/T1/—{T3]) Underlying T3 (IT3/—[T3])
Tone sandhi condition Tone sandhi condition
16 17
B’ B’
n ' e
5 3
g T
e e
-2
Underlying T1 (IT1/—[T1]) Derived T3 (/T1/—{T3)) Underlying T3 (/T3/—[T3]) Underlying T1 (IT1/—[T1]) Derived T3 (T1/—[T3]) Underlying T3 (IT3/—[T3])
Tone sandhi condition Tone sandhi condition
18 19
5! 1
g g
g 0 g 0
[ [V
s :
e
3 A 2, A
Underlying T1 (T1/—[T1]) Derived T3 (J_T11——rl'3_]]_ Underlying T3 (IT3/—[T3]) Underlying T1 (IT1/—[T1]) Derived T3 U:I'i.L-[Ta_]]_ Underlying T3 ([T3/—[T3])
Tone sandhi condition Tone sandhi condition
20
1

{0 value (Z-scored)
+

Underlying T1 (T1/—[T1)) Derived T3 (/T1/—[T3)) Underlying T3 (T3/—[T3])
Tone sandhi condition

180



APPENDIX I: DISTRIBUTION OF UNDERLYING TONE 4, DERIVED TONE 3 AND
UNDERLYING TONE 3 IN EACH STEP IN EXPERIMENT 4
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Figure 38: Distribution of underlying Tone 4, derived Tone 3 and underlying Tone 3 in each step
in Experiment 4
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Figure 38: (cont'd)
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	Note: 'ω' means prosodic word.
	Another source of criticism of incomplete neutralization is that the observed effect size is typically quite small. As a consequence, such a small effect size has been argued to likely not be functionally significant and therefore not in need of a gra...
	In this dissertation, as mentioned above, I will argue, using data from Huai’an, that incomplete phonetic neutralization can stem from phonologically complete neutralization. By using Huai’an, I avoid the orthographic confound discussed above as the s...
	2.2  The issue of phonological neutralization versus phonetic implementation
	As introduced in Section ‎1.2.1, the definition of incomplete neutralization is two-fold, which includes phonological neutralization and phonetically incomplete neutralization. An issue of many previous studies of incomplete neutralization is that res...
	The coding in Experiment 2 also allowed me to answer another question that we did not answer for Experiment 1. In Experiment 1, we impressionistically coded whether or not the first syllable was in fact subject to Tone 3 sandhi. One could have argued ...
	To make some inroads into the question of the phonological nature of the (putatively) derived Tone 2 in initial position, in Experiment 2, I also annotated the first syllable, and are therefore able to observe the f0 contours for derived Tone 2 (from ...
	It is worth noting that the interpretation of Huai'an tone sandhi cases as incomplete neutralization relies on the general consensus that a Mandarin tone is a single phonological unit despite appearing as a phonetic tonal contour (Bao, 1990, 1992; Yip...
	(15) Phonological Representation of Mandarin Tone
	Note: TBU means tone bearing unit, in Mandarin languages like Huai’an,
	a TBU is a syllable or a rhyme.
	Based on this view, phonologically, it is not possible for part of a Mandarin contour tone to neutralize while part of the tone remains unchanged. Perhaps, the most convincing evidence for this single-phonological-unit representation in Mandarin langu...
	(16) a. 2-syllable: hl. lh
	b. 3-syllable: hl. hl. lh
	c. 4-syllable: hl. hl. hl. lh
	Note: 'h' means high tone, 'l' means low tone, and '.' indicates syllable boundary.
	According to the analysis by Yip (1989), in these cases, a falling tone is associated with the first syllable and a rising tone is associated with the last syllable. Then the falling tone spreads rightwards over the domain as one single unit. If the f...
	Another piece of evidence supporting single-phonological-unit representation in Mandarin languages and specifically in Huai'an comes from Huai'an itself. By analyzing tone sandhi processes in Huai'an as being applied at the Tonal Root/ Tonal Contour t...
	Crucially, if Tone 3 (low tone) is analyzed as low-register tone while other tones are analyzed as high-register tones as in Standard Mandarin (Bao, 1990; Duanmu, 2007; Yip, 1989), then tone sandhi is only applicable within the same register category....
	(17) All tone sandhi rules in Huai'an Mandarin (Y. Wang & Kang, 2012)
	I assume the tonal representation in ‎(18). And for this paper, I use uppercase vs. lowercase to distinguish features on the Tonal Root/Contour tier and the Tonal Target tier. The whole pitch rage is then divided as follows:
	(18) Phonological Representation of Mandarin Tone
	high tone (h)
	High Register (H)
	low tone (l)
	high tone (h)
	Low Register (L)
	low tone (l)
	With all these, the four Huai'an tones can be represented as in ‎(19). Again, the tone sandhi has a clear pattern of the application of Obligatory Contour Principle (Leben, 1973; McCarthy, 1986) on the Tonal Root/Contour node tier. One example of high...
	(19) Phonological Representation of Huai'an Tone
	(20) Phonological Representation of Mandarin Tone
	a.
	b.
	With the above single-phonological-unit viewpoint of tonal representations as backdrop, in Huai'an, the fact that both derived Tone 3 and underlying Tone 3 can trigger Tone 3 sandhi suggests that a derived Tone 3 is phonologically identical to underly...
	Based on the above, I would like to explicitly acknowledge that my claims in the dissertation about incomplete phonetic neutralization in the face of complete phonological neutralization are contingent on the phonological representations we have assum...
	4.1  The explanation for incomplete neutralization
	4.1.1 Desiderata for any explanation for incomplete neutralization
	With the two clear cases of incomplete neutralization shown in Experiments 1 and 2, the next step is naturally the explanation for incomplete neutralization, i.e. why phonologically identical forms can have different phonetic distributions. First of a...
	(26) Desiderata for a theory of incomplete neutralization
	First, to ensure the priority of a relatively simple theoretical model, explanations that can solve the problem while retaining a relatively simple phonological model should be considered first (Occam's razor/law of parsimony). Consequently, if indepe...
	The second challenge facing theories of incomplete neutralization is the systematic disparity in effect sizes (26b). Any proposed theory should explain among the observed cases why effect sizes of incomplete neutralization are rather small in devoicin...
	The third challenge is that the proposed explanation should not only predict cases of 'incomplete neutralization' where the derived category is phonetically close to an underlying category (and in fact, between the phonetic manifestation of two underl...
	The fourth challenge that any theory of incomplete neutralization faces is to explain how a feeding interaction is possible where the derived representation still incompletely neutralizes with the element that triggers the process (26d). In the case o...
	4.1.2 Previous explanations for incomplete neutralization
	To address the concern of inaccurate annotation, as with Experiment 2, I will also show that derived Tone 2 triggered by derived Tone 3 from Tone 1 or Tone 4 is indeed phonetically highly similar with underlying Tone 2. Therefore, it is reasonable to ...
	The tone contours of the z-score transformed f0 for the relevant first syllables are shown in Figure 27 and Figure 28. As with Experiment 2, I also present the tone contours for underlying Tone 3s in the first syllable that come from derived Tone 3s f...
	This dissertation provides experimental evidence for the gap between phonology and phonetics from two aspects, namely phonologically identical surface forms can correspond with different phonetic distributions, and phonologically different surface for...
	(32) The two statements about the strict correspondence between phonological  representations and phonetic patterns
	First, using the phenomenon of incomplete neutralization, I show that phonologically identical forms can correspond with different phonetic distributions. I provided two clear cases of incomplete neutralization based on data from Huai'an high-register...
	A crucial aspect of this part is that I first established that the relevant tone sandhi processes are in fact phonological processes. To establish this fact, I look at the phonological behavior of the derived tones, which to me is the best way of esta...
	Second, Statement 2 leads to a deduction that phonetic identical forms necessarily correspond with identical surface forms in phonology. Using also data from Huai'an, I show that phonetically identical form can have different phonological behaviors. T...
	Although the crucial comparison in Experiment 4 is between incomplete neutralization sizes of Tone 1/Tone 4 sandhi and that of Tone 3 sandhi. Experiment 4 also functions to replicate Experiment 1 and 2 since almost identical experimental paradigm is e...
	These experiments are worth being replicated again in the future with dialectal effect being controlled. By doing so, a more fruitful discussion can be expected on the issue of effect size in incomplete neutralization.
	It is reasonable to hypothesize that the size of incomplete neutralization effect in tone sandhi is correlated with application rate of tone sandhi. Recall my proposal in the current dissertation is that incomplete neutralization with a large effect s...
	(33) Two further claims about the potential correlation between effect size of incomplete  neutralization and application rate of tone sandhi
	Claim 1: An optional phonological process with a lower application rate will have a    larger effect size of incomplete neutralization.
	Claim 2: A larger effect size of incomplete neutralization will trigger another      phonological process at a lower rate.
	Both claims are not fully supported by the data collected for this dissertation. The data are summarized in Table 32, which include the incomplete neutralization size of Tone 1/Tone 4 sandhis, the application rates of Tone 1/Tone 4 sandhis on the seco...
	Claim 1 is buttressed by comparing Tone 1 sandhi process in different instantiations of the same comparison. Tone 1 sandhi in Experiment 4 has a lower application rate than that in Experiment 1. And as predicted by Claim 1, incomplete neutralization o...
	Claim 2 is supported by comparing different phonological processes in the same experiment. In Experiment 4, Tone 4 sandhi has a larger effect size than Tone 1 sandhi. And as predicted by Claim 2, derived Tone 3 from Tone 4 triggers Tone 3 sandhi at a ...
	Overall, both Claim 1 and Claim 2 are not supported by experimental data from Huai'an, however, I still cannot assert if the two claims are absolutely right or wrong at this stage. First, the amount of available data is too small. They are only from t...
	The primary goal of this dissertation is provide experimental evidence for the gap between phonology and phonetics. I use Huai'an tone sandhi cases to undermine both statements developed from strict correspondence between phonological representations ...
	My results suggest that these seemingly obvious statements are in fact too strong. And the relationship between phonology and phonetics is rather remote. Furthermore, echoing the general advice in Roettger et al. (2014), I would like to encourage more...

