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ABSTRACT 

The theory proposed in this thesis, Phonological Pitch, concerns 

the representation and behavior of the tone feature. It is a formally 

simple phonological theory constrained by a set of explicit 

extragrammatical principles. 

Phonological Pitch contains two major grammatical 

mechanisms. First, tone is represented with a single multivalued 

feature [Pitch] whose value can range from 1 to n, where n is a 

language-specific number with no universal upper limit. Second, the 

Contiguity Hypothesis states that tone groups in rules must always 

form contiguous sets, though these groups can vary from rule to rule. 

Phonological Pitch can be so simple because the power of the 

grammatical theory is constrained with independently necessary 

extragrammatical factors. Specifically, limits on the number of tone 

levels arise from learnability and perceptual constraints, which can 

be precisely formalized, that also play a role in nonlinguistic 

domains. Similarly, the Contiguity Hypothesis is derived from 

psychoacoustic constraints on discriminating between acoustically 

similar pitches. Other perceptual and physiological constraints 

explain patterns in the typology of contour tones and in the 

interactions of tone with other features. 

The empirical support for Phonological Pitch includes the 

following. First, languages are attested with as many as five distinct 

tone levels, and the number of languages with n tone levels 
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gradually decreases as n increases, rather than dropping off abruptly 

at some point. An analysis using learnability and perceptual 

constraints can explain this gradual drop better than a universal 

grammatical upper limit. Second, tone rules can transpose sets of 

tones up or down by a fixed interval, a fact which is easier to 

formalize with a single multivalued feature than with a set of binary 

features. Third, tone groups do not form universal natural classes 

nor groups with noncontiguous tones, as other tone theories predict. 

Fourth, tone interacts not only with laryngeal features like voicing, 

but also with nonlaryngeal features like vowel height, and both the 

existence and relative rarity of tone-vowel height interactions imply 

that understanding tone interactions requires reference to 

extragrammatical physiological factors. 
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CHAPTER 1 

INTRODUCTION 

1.1 Phonological Pitch 

In addition to their intrinsic interest, there are at least two 

reasons why the study of tone languages is crucial to a complete 

understanding of the sound patterns in the world's languages. First, 

according to Crystal (1987), more than half of the languages in the 

world are tone languages.! Therefore, phonology, the study of the 

sound patterns of human languages, has to include the study of tone. 

Secondly, tone seems to have both segmental and 

suprasegmental properties. On the one hand, it is segmental in the 

sense that it is used in lexical contrast (see e.g., Pike 1948), that it 

interacts with many segmental features such as voicing, aspiration, 

glottalization, and vowel height (see references in Chapter 3), and 

that it is local (that is, in tone rules, targets and triggers must be 

adjacent; see the formal definition of locality in Chapter 2). On the 

other hand, it is suprasegmental in the sense that it could be 

completely independent of segmental information as can be seen in 

its intact status after the vowel that carries the tone has been 

deleted (e.g., Archangeli and Pulleyblank 1989) or in tonal melodies 

found in many African languages (e.g., Leben 1973, Goldsmith 1976, 

Kenstowicz and Kisseberth 1979). Hence understanding the nature of 

1 This is so even without including pitch-accent languages like Swedish, Serbo
Croatian, and so forth. 
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tone is crucial in understanding the nature of segmental and 

suprasegmental phonology. 

Nevertheless, as important as tone is, phonologists have yet to 

reaca a consensus on many basic issues in tonal phonology. As will 

be reviewed in Section 1.5 below, previous theories seem to capture 

only part of the whole story. The goal of this thesis is to propose a 

unified theory that can handle the greatest amount of tonal 

phenomena possible. The crucial difference between my study and 

previous studies lies in the approach that I am taking, an approach 

which argues that in order to have a complete theory of tone it is 

necessary to look into domains beyond language, into 

extragrammatical factors of perception and physiology. Thus tone 

has something else important to teach phonology as a whole; 

namely, that only with a theory that treats the grammar and 

extralinguistic factors as interacting modules can all phonologically 

significant generalizations be captured. 

The theory proposed in this thesis, called Phonological Pitch, is 

a theory of the representation of lexical tone, with special focus on 

the tone feature. This is a theory motivated by the physical 

properties of pitch rather than, as in many tone theories, by the 

physical properties of tone articulation. In particular, it is motivated 

by the physical property that pitch is continuous acoustically and in 

perception. Thus I suggest that tone is represented by a multivalued 

feature [Pitch], which can capture the contiguous relationship among 

tones, instead of by the standard binary features, which arbitrarily 
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divide the pitch domain into universal subdomains. The result is a 

grammatically more powerful feature whose power is constrained by 

extralinguistic factors such as learnability, psychoacoustics, and 

physiology. 

The purpose of this chapter is to gIve the necessary 

background of the theory being proposed, including the definition of 

tone (Section 1.2), the general approach towards tone taken by 

Phonological Pitch (Section 1.3), a brief sketch of the specific 

proposals of Phonological Pitch (Section 1.4), and a review of 

previous tone theories (Section 1.5). 

1.2 What is lexical tone? 

In this section I delineate the domain of study of this 

dissertation. First I define the term lexical tone, and give some 

examples of tone languages and the notational conventions used to 

describe them. 

1.2.1 Pitch contrast at the phonological word level 

The most important question concerning the representation of 

lexical tone at the phonological word level (Selkirk 1984, Chang 

1992) is, of course, what the tone features are. This will be the main 

issue of this thesis. Phenomena that involve higher levels (phrasal or 

utterance levels), such as tone-intonation interactions will not be 

discussed in this thesis. In this section, I delimit the domain of the 

study by giving the definition of lexical tone. 
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Lexical tone refers to the use of contrastive, relative pitch in 

making a lexical distinction in a language (see, for example, Pike 

1948, McCawley 1978, Beckman 1986). That is, a tone language 

might contrast two otherwise identical lexical items by marking one 

with a relatively higher pitch and the other with a relatively lower 

pitch. In addition to contrasting relative pitch heights, a tone 

language can also have contrasts in the pitch changes; a tone is called 

a level tone if its pitch stays approximately the same through the 

prosodic domain that carries it, while if the pitch changes over time, 

it is called a contour tone. Rising and falling are the most common 

contour tones, although more complex tones such as concave 

(rising-falling) and convex (falling-rising) are also found in quite a 

few languages. 

1.2.2 The descriptive notations of lexical tone 

Here I describe the notational conventions commonly used to 

describe tonal contrasts, and then give some examples. 

One of the most commonly used tonal notations in descriptive 

grammar is Chao's (1930) tone letter system. In this system a 

five-point scale is used to denote tones with the digits 1 (lowest in 

pitch) through 5 (highest in pitch). Two identical digits denote a 

level tone, while two different digits denote a contour tone. For 

example, 11 is a level tone with the lowest relative pitch in the 

language and 51 is a falling tone. This tone letter system is used in 

most of the original sources cited in this thesis. Unless otherwise 
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noted, data with tones denoted by digits follow this system. 

For example, there are four distinctive tones in Mandarin 

Chinese, which can have the phonetic descriptions of high level, 

rising, falling-rising, and falling. Words can contrast with each other 

merely by the different tones they carry. The four tones in 

Mandarin are exemplified in (1), following Chao (1968); cf. C.C. Cheng 

(1973a). Tones are given in parenthesis using Chao's (1930) tone 

letters. 

(1) Mandarin tone inventory (Chao 1968) 

Tones 
High (55) 
Rising (35) 
Falling-ring (214/315) 
Falling (51) 

Examples 
[ma55] 
[ma35] 
[ma214] 
[ma51 ] 

"mother" 
"hemp" 
"horse" 
"scold" 

Black Miao (Hei Miao), spoken in the Taigong (T'ai-Kung) 

County of Guizhou (Kwei-Chow) Province in China, provides another 

example of a tone language. The data in (2), originally from 

Fang-Kuei Li's field notes, are cited from Kwan (1966). Other sources 

on the Miao language family include Chang (1947, 1953). This 

language has five level tones and three contour tones. 



(2) Black Miao (Kwan 1966) 

a. Tone: 11 
la 
SJ 

tju 
va 

b. Tone: 22 
la 
t:) 
ji 
mo 

c. Tone: 33 
la 
ta 
tjo 
xe 

d. Tone: 44 
la 
sai 
xaD 

e. Tone: 55 
la 
ta 
phe 
sha 

f. Tone: 35 
la 
ta 
tju 
mho 

"candle; smooth, polished" 
"to throw (stone),' 
"waist" 
"I, me" 

"to move away, to even" 
"far" 
"eight" 
"to go" 

"cave, den" 
"thick; to die" 
"broom" 
"tall, high" 

"a general classifier" 
"five" 
"to walk" 

"short" 
"to take, use, etc." 
"pumpkin" 
"uncooked rice" 

"to squeeze" 
"to break, to kill" 
"six" 
"to see, look" 

17 



g. Tone: 13 
S:::l 

t:::l 

tju 
sho 

h. Tone: 51 
la 
mo 
ta 
tju 

"to play with toys" 
"not" 
"knife" 
"to close" 

"to mow" 
"you" 
"fall (rain)" 
"door" 
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Although Chao (1930) was a proposal for describing tones in all 

languages, it has been used most extensively for Asian languages. 

Africanists and Americanists sometimes follow different conventions. 

Typically, the mark ['] is used to represent the lowest tone and ['] to 

represent the highest tone, but the precise values depend on the 

language. I will explain these conventions as they become necessary 

when discussing data. 

Here I have merely explained what lexical tone is. Many more 

issues arise when we consider the phonological behavior of tone, 

issues that form the core of this dissertation. In the next section I 

introduce the characteristics of tone that motivate my new approach 

to tone theory. 

1.3 A new approach 

There are two main characteristics of the approach to tone 

taken by Phonological Pitch. First, the formal model of Phonological 

Pitch is inspired primarily by the phonetic properties of pitch (hence 
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Sagey (1986) provides another example of such an approach. 

In proposing the theory of Feature Geometry, a hierarchical 

representation for distinctive features, Sagey (1986: 1) writes: "This 

hierarchy is based on phonetics: Features are grouped according to 

the articulator in the vocal tract that they are executed by." 

Throughout her discussion, she makes this connection between 

phonology and phonetics, as in the motivation for the placement of 

the vowel features: "For example, [high], [back], and [low] are all 

grouped under the dorsal constituent, because they are executed by 

the dorsum, or tongue body." (p.15) 

In the same fashion, Phonological Pitch is motivated by 

phonetics. However, it has to be noted that having phonetic 

motivations and being a formal theory of phonology are separate 

things. Just as auto segmental phonology and Feature Geometry are 

formal models of feature organization, regardless of the nature of 

their motivations, Phonological Pitch is a formal model of tone. 

Therefore it should be justified solely by phonological arguments. 

This will become evident in Chapter 2 where the formal model is 

presented and phonological arguments for it are provided. 

1.3.2 A formal theory with grammar-external constraints 

The second characteristic of Phonological Pitch is that the 

formal model mentioned above is constrained by grammar-external 

factors, such as learnability, psychoacoustics, and physiology. The 

modular nature of this approach can be captured by the figure in (3), 
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the name). The second characteristic is that the formal model is 

designed to overgenerate; many of the constraints on it come from 

grammar-external factors. I will discuss these two characteristics in 

turn in the following subsections. 

1.3.1 A formal theory with phonetic motivations 

The first characteristic of Phono:ogical Pitch is that it is a 

formal theory that is phonetically motivated. The basic assumption 

behind this is that distinctive features have physical content (see, for 

example, Jakobson, Fant, and Halle 195211963, Chomsky and Halle 

1965, 1968, Postal 1968, Halle 1983, and Archangeli and Pulleyblank 

in press; but cf. Foley 1977). According to Phonological Pitch, the 

intrinsic physical content of the tone feature is acoustic frequency. 

Thus in Phonological Pitch tone is represented by a multivalued 

feature [Pitch]. This is inspired by the fact that in phonetics, pitch is 

a single-dimension domain where n-ary contrasts are possible.2 

There have been quite a few works in the phonological 

literature that claim phonetic motivations for a phonological model. 

For example, in his Autosegmental Phonology, Goldsmith (1976: 16) 

makes it very clear that " ... autosegmental phonology is a theory of 

how the various components of the articulatory apparatus -- the 

tongue, the lips, the larynx, the velum -- are coordinated." 

2 Fundamental frequency is the rate of the vibration of the vocal cords and 
pitch is the perception of the fundamental frequency. Since these two may be 
equated for the most part (Zemlin 1968. Ladefoged 1982). the term "pitch" is 
used most of the time in this study without further elaboration. For the 
discussion of the relation between pitch and frequency. see Stevens and 
Volkmann (1940). 
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where the shaded area in the center represents a set that includes all 

properties found in attested languages. As shown in the figure, some 

parts of language are subject to constraints from extragrammatical 

domains or modules.3 

(3) The interaction of language with extragrammatical factors (after 
Anderson 1981, see also Hammond 1990, 1991) 

----- Learnability 

Perception 

Physiology 

This modular approach follows the suggestion of Hammond 

(1990, 1991) that the grammar should not be responsible for 

constraints that follow from general, extragrammatical principles. 

Since the extragrammatical constraints are needed independently in 

domains other than language, there is no need to further complicate 

the grammar by imposing these constraints on it. For example, since 

the form of languages is shaped at least partly by language 

3By "module" I mean any domain with independent properties that plays a role 
in human language. I make no claims that these are necessarily innate 
cognitive modules in the sense of Fodor (1983). 
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acquisition, and since the noninnate aspects of a language cannot be 

acquired if they are not learnable, then we can understand more 

about the form of languages if we understand the independently 

necessary learning module. Therefore Universal Grammar should be 

thought of as potentially generating grammars that are not learnable, 

since learnability constraints will rule out these grammars and thus 

explain why they are not attested without having to refer to UG. 

This approach contrasts with an approach that assumes that 

universal principles should prevent Universal Grammar from 

generating unlearnable grammars in the first place (Culicover and 

Wexler 1977, Wexler and Culicover 1980). Under this approach, 

universal constraints from learnability, such as the Subset Principle, 

are unnecessarily repeated in UG. I will discuss this further in 

Chapter 3. 

The most important advantage of taking a modular approach is 

that it satisfies the criterion of simplicity. First of all, it reduces 

redundancy in the grammar. If a language follows general 

extragrammatical principles, it is redundant to repeat the constraints 

In the grammar since they already exist and are needed 

independently in the more general, extragrammatical domains. For 

example, as noted above, if language acquisition involves general 

constraints on learning, it IS sufficient, and more parsimonious, to 

have learnability rule out unlearnable grammars directly, instead of 

building the same constraints into UG. 

Second, by excluding extragrammatical constraints, the formal 
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mechanism of the grammar could potentially be less complicated. In 

terms of figure (3), under the modular approach, all that the 

grammar has to do is to capture the regularly shaped bolded oval in 

the center. The grammar is not responsible for directly explaining 

the oddly-shaped shaded area representing attested languages, since 

constraints from extragrammatical modules will systematically 

remove the unattested languages. By contrast, under an approach 

that ignores extragrammatical factors, the grammar is completely 

responsible for predicting exactly the oddly-shaped shaded area, 

thereby greatly increasing the complexity of the grammar. Specific 

examples of the simplicity of Phonological Pitch over previous tone 

theories will be seen again and again in this dissertation. 

One other advantage of the modular approach is that it allows 

for a natural division of labor. Under the modular approach, 

different modules are only responsible for those aspects of language 

that are most appropriate for them. This simplifies the description of 

both language and extragrammatical factors. The benefits of 

modular approaches are well-known in the Government and Binding 

Theory of syntax (Chomsky 1981) and phonology, where syllables, 

metrical patterns, and segmental rules, at least, are all thought to be 

subject to different sets of principles (McCarthy 1988, Goldsmith 

1990). I suggest that the same benefits can be gained if we allow 

extragrammatical factors to divide up some of the labor. 

The specific nature of interactions between the grammar and 

extragrammatical factors will be examined in Chapter 3. In the 
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remainder of this chapter, I will consider the formal aspects of 

Phonological Pitch, contrasting them to those of previous tone 

theories. 

1.4 The nature of Phonological Pitch 

In this section, the proposed model is informally introduced; 

full details will be given in Chapter 2 below. The main goal of this 

section is to show how some aspects of the phonological theory of 

tone have parallels in the phonetics of pitch. I will give the main 

properties of Phonological Pitch and point out the relevant phonetic 

properties that inspire the formal model being proposed. A fuller 

discussion of how extragrammatical factors interact with the formal 

model of Phonological Pitch will be given in Chapter 3 where the 

psychoacoustic aspects and articulatory bases of, tone are discussed 

and the perceptual and physiological constraints are explained. 

The basic assumption of the theory of Phonological Pitch is that 

F a is the primary physical correlate of tone. This assumption is 

based on studies of tone perception (e.g., Abramson 1962, 1972, 

1975, Howie 1976, Hombert 1976, Gandour 1978, 1981, 1983, 

Gandour and Harshman 1978, Maddieson 1980). That is, pitch level 

is the primary reference for tonal contrast. Since Fa is the primary 

physical correlate of tone, we expect the phonological representation 

of tone to reflect the properties of pitch. This insight has a strong 

influence on shaping my formal theory of tone. 

In particular, two properties of phonetic pitch are especially 
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important with regard to the motivations for the theory of 

Phonological Pitch. First, pitch is a continuous domain both in 

production and perception (see Wang 1967, Zemlin 1968, Ohala 1973, 

1978, Ladefoged 1982, among others). Second, human beings are 

capable of producing and perceiving so many different pitches 

(Flanagan and Saslow 1958, Zemlin 1968, Lehiste 1970, Klatt 1973) 

that it is safe to say that in practice there is no universal upper limit 

on the number of pitches that people can produce or perceive. 

Phonological Pitch has two properties directly inspired by the 

phonetic properties of pitch discussed above. The fact that phonetic 

pitch is continuous is paralleled in the grammatical model of 

Phonological Pitch by representing tone with a multivalued feature 

[x Pitch], where 1 ~ x ~ nand n is a language-particular number 

reflecting how many pitch contrasts the language uses distinctively. 

Using a single multivalued feature to represent the one-dimensional 

scalar nature of tone has several interesting consequences. First, 

there can be tone rules that transpose tones upward or downward by 

a specified interval along the scalar tonal domain. Second, there are 

no universal boundaries internal to the tonal domain, and thus no 

universal groupings across tone rules. Third, any set of contiguous 

tones may form a natural class and act as a unit in phonological 

processes, a claim I call the Contiguity Hypothesis. These three 

properties will be discussed in full in Chapter 2. 

The lack of a (reasonably small) universal upper limit on the 

number of pitches that can be produced and perceived is mirrored in 
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Phonological Pitch by the claim that there is no grammatical 

universal upper limit on the value of the tone feature. That is, the 

grammars of different languages will have different upper limits on 

the number of tone levels (Le., a different value for n), but the 

grammatical formalism does not stipulate anything about how high n 

can go. As we will see in Chapters 2 and 3, this claim gives 

Phonological Pitch some important empirical benefits over previous 

theories of tone. 

In summary, in this section I have presented the properties of 

Phonological Pitch and the phonetic properties that inspire them. 

The formalism of Phonological Pitch will be given in Chapter 2. What 

has to be emphasized here is that although Phonological Pitch is 

inspired by phonetics, the formal model is fully supported by 

phonological arguments and evidence, as will be shown throughout 

this thesis. 

1.5 Previous studies 

In this section, I review the previous theories of tone features. 

This will help us better understand the properties of tone that must 

be addressed by any theory. Moreover, it will allow us to see 

precisely where the strengths and weaknesses of previous tone 

theories lie. 

There are four main approaches to tone found in the literature, 

each of which I will discuss in turn below. The first is the 

articulator-based approach, where tone features are articulator 
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features, that IS, laryngeal features. The second IS the 

register-boundary approach, which claims the existence of an 

intrinsic boundary that cuts the pitch domain into two or three 

subdomains: higher and lower registers or high, mid, and low 

registers. The third is the multiple-branching approach, whict 

claims that tone should be represented by multiple branchings of the 

tone features. The fourth is the pitch-based approach, where tone 

features are based on relative pitch heights of the tone system. The 

theory of Phonological Pitch falls into this last category, though it also 

differs in important ways from previous pitch-based theories. 

1.5.1 The articulator-based approach 

The articulator-based approach to tone is founded on the 

observation that tone and laryngeal properties like voicing, 

aspiration and glottalization commonly interact, both diachronically 

and in synchronical phonological systems (see reviews in Hyman 

1973, Hombert 1976, 1978, Hombert et al. 1979, among many 

others). For example, synchronically, the so-called Bantu (voiced) 

"depressor consonants" lower the tone on the following vowel (Doke 

1926, Hyman 1973, Laughren 1981, 1984). In some other languages, 

for example Nupe and Ngizim (Hyman and Schuh 1974, Duanmu 

1990, Peng 1992), voiceless consonants block low-tone spread, while 

voiced consonants block the high-tone spread. 

In response to this kind of data, Halle and Stevens (1971), 

Ladefoged (1973), Bao (1990), and Duanmu (1990) propose that 
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there should be a unified set of features for both tone and laryngeal 

properties. For example, the features of Halle and Stevens (1971) 

represent two articulatory dimensions, namely, the opening of the 

glottis ([±Constricted Glottis] and [±Spread Glottis]) and the tension of 

the vocal cords ([±Stiff Vocal Cords] and [±Slack Vocal Cords]). [±Stiff 

Vocal Cords] and [±Slack Vocal Cords] are responsible for both the 

voicing of consonants and the tone of vowels. Since the combination 

of [+Slack VC] and [+Stiff VC] is physiologically impossible, the 

combinations of these two features yield three types of consonants 

and tones. Specifically, the combination of [+Stiff Ve] and [-Slack Ve] 

produces a voiceless consonant (e.g., [p] ) or a high tone vowel, the 

combination of [+Slack Ve] and [-Stiff Ve] produces a voiced 

consonant (e.g., [b]) or a low tone vowel, and the combination of 

[-Stiff VC] and [-Slack Ve] gives a lax voiceless consonant (e.g., [btl in 

Korean) or a mid tone vowel. This is illustrated in (4). 

(4) Halle and Stevens (1971) (a, a, a stand for high-, mid-, low-toned 
vowels, respectively.) 

Consonant p bi b 
Vowel a a a 
[constricted glottis] 
[spread glottis] 
[stiff vocal cords] + 
[slack vocal cords] + 

Therefore, this theory provides a unified account for both 

consonant types and tone, capturing very well the correlations 
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between tone and laryngeal properties. For example, a voiced 

consonant, specified as having the features [-stiff vc] and [+slack vc], 

may spread both features to the following vowel, hence inducing a 

low tone, which is also [-stiff vc] and [+slack vc]. 

However, the articulator-based approach also faces some 

difficulties and problems. First is the difficulty of identifying the 

articulators of tone as being identical to those for phonation types. 

For example, it is clear that the tension of vocal cords is not solely 

responsible for the production of tone. The factors that influence the 

production of tone include not only the length and tension of the 

vocal cords but also the opening of the glottis, the position of the 

larynx, and trans glottal pressure (Zemlin 1968, Ohala 1973, 1978, 

and references therein). In any case, it is unlikely that the 

articulations needed to reach certain pitches are truly identical to the 

articulations needed to create distinctions in properties like voicing 

(see Chapter 3 for more discussion on this issue; see also Keating 

1990). 

Second, if we identify tones with specific articulations, it 

appears we are forced to correlate specific phonological tones with 

specific pitches. This would surely create problems cross-

linguistically. For example, how could articulatory features explain 

how the mid tone in a three-level tone language can be acoustically 

higher than the high tone in a two-level tone language? Precisely 

this does happen, since the more tones a language has, the wider the 

pitch range. This is shown in the following table reproduced from 
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Maddieson (l978a), where the positive integers indicate the 

difference in Hertz between a given tone and the lowest tone in a 

language. Maddieson compared the pitch ranges of two two-level 

tone languages, Siswate (SIS) and Kiowa (KIO), five three-level tone 

languages, two dialects of Yoruba (Y01 and YP2), two dialects of Thai 

(THI and TH2), and Taiwanese, and one four-level tone language, 

Toura (TOU), and found that the pitch ranges are quite different 

across languages. 

(5) Pitch differences between tones (compared to lowest tone) in 
languages with different numbers of tone levels (Maddieson 
1978a, Table 1)4 

TWO LEVELS THREE LEVELS FOUR LEVELS 

SIS KIO Y01 TH1 TH2 TAl Y02 TOU 

+50 
+26 +2& +32 +32 +52 +30 

+1& +22 +16 +16 + 16 + 1& +27 +10 
+0 +0 +0 +0 +0 +0 +0 +0 

As can be seen from the table above, it is possible for the 

phonological mid tone in one language to be acoustically higher than 

the phonological high tone in another language. There is no way that 

we can identify a specific articulation that is responsible for the mid 

4Languages and sources: Siswate (Goldstein 1976), Kiowa (Sivertsen 1956), 
Yoruba 1 (Hombert 1976), Thai 1 (Erickson 1974), Thai 2 (Gandour and 
Maddieson 1976), Taiwanese (Zee and Hombert 1976), Yoruba 2 (Hombert 1976), 
Toura (Bearth 1968). 
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tone in different languages with different pitch values if we assume 

that tone is represented by some specific articulation. 

This same problem occurs within a single language as well. As 

we know, the pitch range of a language varies from speaker to 

speaker and may fluctuate according to the linguistic and situational 

context, as in downdrift or when a speaker raises the whole pitch 

range in order to be heard from a distance. In such situations, all the 

tones in the language could then be moved to a pitch range where 

the articulation involves stiff vocal cords. Taken at its face value, 

then, this seems to imply that even a phonologically low tone can be 

[+Stiff Yel 

A third problem is that Halle and Stevens's (1971) system only 

distinguishes three levels of tonal contrast. What would the feature 

specification be with four or more distinctive levels? Bao (1990) 

tries to solve this problem by expanding Halle and Stevens's (1971) 

model to adjust to four-level languages. He claims that since [Stiff 

Ye] and [Slack ye] are abstract instructions for some specific vocal 

cord tension, [+Stiff Ye, +Slack Ye] should be a possible combination 

of these two features, which makes the total number of tone levels 

go up to four. However, he still cannot handle five-level systems. 

Although it is possible to add a third feature to the system to 

include the fifth tone level, this would just create problems in using 

the same features for making laryngeal distinctions. As Anderson 

(1978:163) points out, 



If we account for [extra] pitch heights by superimposing 
another feature on the system, we are implicitly saying 
that another anatomical mechanism than those involved 
in the dimensions of the [articulator-based] model is 
responsible (only) for the peripheral pitch values, which 
seems counterintuitive; while if we say that this 
additional feature is also relevant for consonants, we are 
faced with the problem of finding some work for it to do. 
lt seems simply to be the case that there are more 
phonological categories of tonal elements than there are 
of consonant types along any homogeneous dimension. 
[material in square brackets by JT]5 
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Finally, but not least important, there is a problem with the 

basic assumption of this approach that we have to capture the 

correlation of tone and laryngeal properties by proposmg laryngeal 

features for tone. Although it IS true that tone has a strong 

correlation with laryngeal properties, it IS also true that tone has 

correlations with nonlaryngeal features, e.g. vowel height, (as in 

Fuzhou Chinese, Wang 1969, Maddieson 1976) and tongue root 

position, for example, in Mon-Khmer (Gregerson 1976). Since we 

cannot deal with tone-vowel quality interactions with either 

laryngeal or nonlaryngeal features, we must find some other theory 

to deal with tone-voicing interactions as well. In Chapter 3 I suggest 

how we might begin to develop such a theory. 

In conclusion, the articulator-based approach makes it easy to 

deal with interactions between tone and laryngeal properties, but it 

faces too many problems to be the correct approach. What we really 

need is a tone feature that is neither laryngeal nor nonlaryngeal. 

5There are other mechanical difficulties with the articulator-based approach 
discussed in Anderson (1978). 
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The pitch-based feature of Phonological Pitch is just such a feature. 

1.5.2 The register-based approach 

The register-based approach to tone, probably the most widely 

cited theory in the current tone literature, claims that the pitch 

domain of a tone system is divided into two or three subdomains 

(registers) by a universal tone feature. Yip (1980), Pulleyblank 

(1986), Bao (1990), and Duanmu (1990) follow this approach in 

slightly different ways.6 

According to Yip (1990a: v), "... tone is represented by two 

features which bear a hierarchical relation in that one, [upper], is 

dominant, and splits the pitch range into two registers, and the other, 

[high], is subservient, and further sub-divides each register." The 

model argued for in Yip (1980) and subsequent work allows a tone 

inventory with up to four contrastive levels. This is shown in (6), 

where A, B, C, and D denote the four tone levels, from highest to 

lowest.7 

6Note that this use of the term "register" should not be confused with that in 
Huang (1980), Hyman (1985, 1989), Inkelas (1987), and Snider (1990), where it 
is used to describe phenomena like downdrift. 
7 Yip (1980) used the label [high] for this tone feature, but in her later work 
(Yip 1989) she adopted PuJleyblank's (1986) terminology and uses [raised] 
instead. Therefore, [raised] will be used in this thesis whenever referring to 
Yip's system (1980, 1989, 1990, etc.) 
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(6) Yip's tone feature specification 

+raised A 
+upper 

-raised B 

+raised C 

-upper 
-raised D 

The existence of a universal boundary like that created by the 

two registers makes the prediction that any groupings of the tones 

cannot cross this boundary. That is, Band C should not form one 

natural class, and neither should A, B, and C, because to do so would 

require the specification of too many independent features. 

However, these predictions are easily falsified. For example, in the 

four-level language Nikki Bariba (Welmers 1952), both Band Care 

raised one level before D, showing that Band C can form one class in 

a tone rule. Cases like this will be discussed in more detail In 

Chapters 2 and 4. 

Yip (1980) gives both typological and historical arguments for 

the concept of register. For example, one of the typological 

arguments is that no language uses more than four contrastive tone 

levels. That two-way tone splits are often found in tonal 

development provides a historical argument. However, as will be 

discussed in Chapter 4, neither of these types of arguments go 

through. Such criticisms also apply to other theories that take the 

register-based approach. 
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In short, it seems that the register-based approach IS 

disconfirmed by the evidence, as I will demonstrate over the course 

of this thesis. This conclusion is consistent with a tonal model like 

that of Phonological Pitch, which in contrast to the register-based 

approach, has no universal upper limit on the number of tone levels 

and no universal boundaries internal to the tone range.8 

1.5.3 The multiple-branching approach 

Clements (1983) proposes a theory where tone is represented 

by the multiple-branching of a pair of monovalent features, h (high) 

and 1 (low). This pair actually is no different from a binary feature 

[±high]. What is special in the approach is that this pair can occur at 

multiple tiers. The tones in a system are then represented as "tonal 

matrices" of h's and l's from all the tiers. For example, if there are 

only two tone levels in a language, there will be only one tier of h 

and l. If there are four tone levels in the language, then there will be 

three tiers of hand l. Different tone levels are indicated by the 

depth of the branching. The following figure represents a four-level 

tone inventory, with A, B, C, and D standing for the four tone levels, 

from highest to lowest. 

8 In fact, because of its widespread influence in the tone literature, I argue 
quite extensively against the approach to tone adopted in Yip (1980) and later 
works. This is only possible because the register-based approach makes very 
clear and interesting predictions, thus allowing me to explain precisely why 
the data have led me a d:fferent way. 
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(7) Clements (1983) 

~ 
h 1 
(A) A 

h 1 
(B)~ 

h 1 
(C) (D) 

One benefit of this system is that, like Phonological Pitch, there 

need be no universal upper limit on the number of tone levels. 

However, the formalism that is used to do this is unnecessarily 

complex. Why not capture the insight that tone is scalar with a 

single scalar feature, as in Phonological Pitch? As I will show 

throughout this thesis, and especially in Chapter 2, a multivalued 

feature like [Pitch] causes no formal problems. Multivalued features 

need not be avoided just because they are multi valued rather than 

being the familiar binary or monovalent features. 

The use of multiple branchings of an essentially binary feature 

also creates a problem of its own. In particular, it predicts an overly 

restrictive set of possible classes of tones that can be used in tone 

rules. In the four-level system shown above, for example, it is 

possible for a rule to single out the set {A, B, C} by referring to just 

the feature h on all tiers, the set {B, C, D} by referring just to the I's 

on all tiers, and the set {C, D} by referring to just the I on the second 

tier. However, it is not possible to single out the sets {A, B} or {B, C} 
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in any simple way, and yet both sets are In fact used in tone 

languages (see Chapter 4; also Yip 1980). 

In short, the multiple-branching approach to tone has the 

benefit of having no universal upper limit on the number of tone 

levels, but Phonological Pitch provides a formally simpler and 

empirically more satisfactory way of achieving this. 

1.5.4 The pitch-based approach 

The pitch-based approach, like Phonological Pitch, claims that 

what is crucial about tone is relative pitch. However, no previous 

theories have proposed a single multi valued feature to capture this 

insight, and all theories assume that there is a universal upper limit 

on the number of tone levels, which in these theories is assumed to 

be five. 

Wang (1967), for example, has the insight that tonal contrasts 

are made on a single dimension, namely, pitch. However, since he 

assumes all phonological features must be binary and the universal 

upper limit on tone levels is five, he is forced to propose three 

features, namely [High], [Central], and [Mid], to represent all possible 

tones, as illustrated below. 

(8) Wang 1967 (5 -- highest pitch, I lowest pitch) 

5 4 3 2 1 
High + + 
Central + + + 
Mid + 
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Wang's system is problematic for a number of reasons. Note, 

for example that the feature [Mid] is only used to describe the mid 

tone in a five-level tone language and thus captures no 

generalizations. Such problems have led other researchers to 

attempt to revise Wang's system with another set of three binary 

pitch-based features. 

Sampson (1969) proposes an alternative which replaces the 

feature [Mid] with [Low]. Woo (1969) proposes the features [High], 

[Low], and [Modify]. Maddieson (1972) replaces [Central] with 

[Extreme]. As the following figure shows, a five-level system can be 

described, apparently equally well, by a wide variety of binary 

feature schemes. 

(9) 
a. Wang 1967 

High 
Central 
Mid 

5 
+ 

b. Sampson 1969 
5 

High 
Low 
Central 

c. Woo 1969 

High 
Low 
Modify 

+ 

5 
+ 

4 
+ 
+ 

4 
+ 

+ 

4 
+ 

+ 

3 

+ 
+ 

3 

+ 

3 

2 

+ 

2 

+ 
+ 

2 

+ 
+ 

1 

1 

+ 

1 

+ 



39 

d. Maddieson 1972 

5 4 3 2 1 
High + + 
Low + + 
Extreme + + 

Although these theories capture the insight that tone is pitch

based, the assumptions about binary features and there being an 

upper limit on the number of tone levels cause them problems. 

First, the systems only work with some relatively arbitrary 

constraints on the combination of features. Otherwise, the three 

binary features would predict eight tone levels, not just five. 

Second, as with the multiple-branching approach, there IS no 

real advantage in having three binary features over a single 

multivalued feature in describing the nature of tone. If tone truly is 

scalar, binary features do not even seem appropriate. 

Third, the variety of these proposals imply that there is a lack 

of empirical evidence that would distinguish between the different 

classes of tones the different sets of binary features predict to exist. 

In fact, since all of the tone features proposed (except for the feature 

[Modify] of Woo 1969) create tone classes consisting of contiguous 

sets of tones with at least one value, and are therefore all consistent 

with the Contiguity Hypothesis (see Chapter 2), I expect that all of 

the proposed feature sets should work equally well. 

Finally, like all other approaches discussed above except for the 

multiple-branching approach, these theories falsely assume that 

there must be a universal upper limit on the number of tone levels 
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set by the tone features. 

In contrast to these theories, then, Phonological Pitch takes 

very seriously the idea that relative pitch is the key to the 

representation of tone. This idea leads naturally to a single 

multivalued feature, not a set of binary features. Since, as I show in 

Chapter 3, there are independent extragrammatical constraints on 

the number of tone levels that can occur in languages, there is no 

need for a universal limit to be built into the tone feature itself. 

1.5.5 Conclusion 

Our survey allows us to make the following list of claims made 

by Phonological Pitch showing similarities and differences with 

previous tone theories. The similarities are the following: 

(i) Tone is scalar and there is no upper limit on the number of 

levels, as claimed by proponents of the multiple-branching approach. 

(ii) Tone is based on contrastive pitches, as claimed by 

proponents of the pitch-based approach. 

(iii) There are correlations between tone and laryngeal 

properties, as observed most prominently by proponents of the 

articulator-based approach. 

However, previous tone theories have missed the following 

properties of tone observed by Phonological Pitch: 

(iv) The classes that a tone system may use in tone rules are 

freer than previous proposals have suggested, constrained only by 

the Contiguity Hypothesis. 
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(v) There are also correlations of tone and nonlaryngeal 

features, in addition to the interaction of tone and laryngeal features. 

Putting all these points together, we conclude that we need a 

theory that can capture all the properties of tonal systems that 

previous studies have tried to account for without running into the 

problems that the previous theories encounter. I claim that this can 

be done with a tone theory like Phonological Pitch that uses a single 

multi valued pitch-based tone feature whose behavior is constrained 

by extragrammatical factors from learn ability , perception and 

physiology.9 

1.6 Summary 

In this chapter, I have laid out the general approach of this 

thesis, as well as specific issues of concern to any tone theory. 

The general approach of this thesis is to separate 

extragrammatical factors that play a role in forming phonological 

patterns from the formal theory of grammar itself; this makes the 

formal theory simpler. This formal theory of tone is motivated by 

the phonetic aspects of pitch. 

I also reviewed previous tone studies and concluded that the 

formal model of tone should be pitch-based, have no universal upper 

limit on the number of tone levels, and in general should be simpler 

and more powerful than is standardly thought possible. In 

particular, no universal upper limit on the number of tone levels or 

9 Stahlke (1977) has also suggested that tone should be represented by a single 
multi valued feature, but the details of the proposal are not specified. 
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universal set of natural tone classes must be stipulated in the formal 

model, since as I show in Chapter 3, these can be derived from 

independently necessary extragrammatical constraints. 

The rest of the thesis is organized as follows. First, in Chapter 

2, the grammatical mechanisms of Phonological Pitch are introduced. 

Tone features, tone groupings, and the formalism of tone rules will 

be presented. In Chapter 3, I discuss how the grammar is 

constrained by extragrammatical factors such as learnability theory, 

psychoacoustics, and physiology. In Chapter 4, I look into evidence 

for the Contiguity Hypothesis, showing its empirical strength 

compared to register-based theories that cut the tone range into 

universal subdomains. Counterarguments to such theories are drawn 

from natural grouping of tones, tonal typology, and historical tone 

splits. Chapter 5 gives a case study of Taiwanese tone alternation 

using the multi valued tone feature of Phonological Pitch, showing the 

benefits of a multivalued pitch-based feature in describing a 

complicated tonal pattern. Finally, in Chapter 6 I summarize the 

whole thesis and make suggestions about further research. 



43 

CHAPTER 2 

THE GRAMMATICAL MECHANISMS OF PHONOLOGICAL PITCH 

2.1 Introduction 

Phonological Pitch is a theory of the phonological 

representation of lexical tone. One unique property of this theory is 

that it contains both grammatical mechanisms and extragrammatical 

constraints. These two parts are equally important in Phonological 

Pitch, since the former is what generates all possible grammars with 

tonal systems, while the other is what constrains the output of the 

grammar to prevent it from overgenerating. As argued in Chapter 1, 

this modular approach allows the grammatical system to be quite 

simple and elegant, since the extragrammatical elements are 

independently necessary. In this chapter, I introduce the 

grammatical mechanisms of Phonological Pitch, while in the next 

chapter, Chapter 3, I present the extragrammatical constraints on the 

output of these grammatical mechanisms. 

This chapter is organized around the three central grammatical 

mechanisms of Phonological Pitch, namely, the tone feature itself, the 

principles that govern tone classes, and the parameters of tone rules. 

First, in Section 2.2 I describe the tone feature in Phonological 

Pitch as a multi valued feature with no universal upper limit on its 

value. This kind of feature predicts that there should be in principle 

no universal upper limit on the number of tone levels allowed in a 
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tonal system. In Chapter 3 I show that the only constraints on the 

values of this feature come from outside the grammar. 

Second, in Section 2.3 I claim that the classes of tone involved 

in tone rules always consist of contiguous tones. Nonadjacent tones 

are not allowed to form a class, contrary to the predictions of some 

previous tone theories (e.g., Yip 1980, Pulleyblank 1986). This 

follows from what I call the Contiguity Hypothesis, which I will show 

in Chapter 3 also has an extragrammatical basis. All the grammar 

has to do, then, is be able to describe any set of tones, and in this 

section I provide the formal means of doing that. 

The third aspect of the grammatical model, which I discuss in 

Section 2.4, is the formalization of tone rules. I argue that tonal 

processes like tonal assimilation, dissimilation, and transposition are 

handled by parameterized rules, since this also provides a 

simplification of the grammar. These rules operate over an 

auto segmental framework, but we will see that the parameters allow 

for rules, in particular, transposition rules, that auto segmental 

approaches without parameters cannot handle. 

One final point before I begin. Much of the formalism 

discussed in this chapter will appear unfamiliar to readers used to 

binary features. However, as will be clear, all of it derives naturally 

from the fact that tone in Phonological Pitch is handled by a single 

multi valued feature. If the empirical data show that this is the right 

way to describe tone, then the formalism I propose here, or 

something close to it, is simply what is necessary to deal with it. A 
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theme throughout this chapter is that many implicit arguments 

against multi valued features, such as the difficulty in handling 

underspecification, classes of tones in tone rules, assimilation rules, 

and so forth, really do not hold up under close examination. 

2.2 The tone feature 

In this section, I introduce the multivalued tone feature [Pitch]. 

Questions concerning feature underspecification and the default 

value of the tone feature are also discussed, since as we will see, 

underspecification and defaults appear at first sight to provide fatal 

evidence against multivalued features like [Pitch]. I show instead 

that [Pitch] is well-motivated and faces no problems with these 

issues. 

2.2.1 A multi valued tone feature 

Here I describe the formalism of [Pitch] in describing level and 

contour tones. I also provide some empirical motivation for why a 

multivalued feature for tone is appropriate, arguing that individual 

languages can set an upper limit on the values for [Pitch], but that 

there is no universal upper limit. 

The tone feature in Phonological Pitch is a multi valued feature 

called [Pitch], or [P] for short. The values of [xP] are all positive 

integers between 1 and a language-specific upper limit n (i.e., 1 ::; x ::; 

n). This notation is similar to that used for stress in Chomsky and 

Halle (1968), where [1 stress], [2 stress], and so on represent a 
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potentially unlimited scale of stress, and like their system, it is 

parallel to the [+F] and [-F] of binary feature systems (formally 

equivalent to [xF], where I :::;; x:::;; 2). I will call the valued [prs, that 

is, [IP], [2P], and so on, tone levels. 

Note that in the formalism there is no built-in upper limit on 

the value of n. Therefore, there is no universal upper limit on the 

number of possible tone levels in tonal systems. It will be argued in 

Chapter 3 that the limits on the number of tone levels found in 

natural languages result from extragrammatical factors. 

The set of underlying tone levels in a tonal system is defined as 

in (1). 

(1) The set of tone levels ([xP]) in a tone system 

P ~ {[xP] such that I :::;; x :::;; n}, n ~ I 

or 

P ~ {[IP], [2P], ... , [nP]}, n ~ I 

For example, P will be {[IP]} or {} when n = 1. In this case, the 

language does not use tone to make lexical contrasts. If n = 2, the 

language uses two tone levels distinctively, and P will be a proper 

subset of or identical to the set {[IP], [2P]}. In a tonal system where 

n = 4, the language will be a four-level tone language, and P will be a 

proper subset of or identical to the set {[IP], [2P], [3P], [4P]}. 

The reason I say that P may be a subset of the set {[IP], [2P], ... , 

[nP] }, and need not necessarily be the same as this set, is that tone 

values in a language may be underlyingly unspecified. Thus if n = 4, 

the underlying set P of tones may be {[IP], [2P], [4P]} , {[IP], [3P], 
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[4P]}, {[2P] , [3P], [4P]}, or {[lP], [2P], [3P]}. The definition above also 

allows a grammar of a four-level language to have P be a set with 

fewer than three specified tones, like {[lP], [3P]} , {[2P], [4P]} , {[2P]}, 

and so forth. However, such grammars would not be learnable, since 

the grammatical statement lin = 4" ensures that the language will 

have no fewer and no more than four distinct pitch categories, and 

yet two or more of these four pitch categories could not be kept 

distinct from each other because they would not have different 

feature labels. This provides another example of how the 

grammatical portion of Phonological Pitch can be kept simple because 

extragrammatical factors, in this case learnability, can constrain the 

theory in the necessary way, as discussed in Chapter 3. Further 

grammatical questions regarding the interaction of 

underspecification theory and Phonological Pitch will be discussed in 

Section 2.2.2 below. 

This describes the formalism of [Pitch]. The phonetic 

interpretation of [xP] follows both from a universal convention, given 

in (2) below, and language-specific phonetic implementation rules. 

This convention applies to the underlying representation of lexical 

tones. By contrast, phenomena like intonation and downdrift, which 

involve adjusting pitch in a gradient rather than a categorical fashion 

(e.g., in downdrift, a lexical high tone may be realized with an ever 

lower phonetic pitch throughout an utterance), should be handled by 

phenetic rules (which may be language-specific), not with categorical 

features like the one discussed in this dissertation (see Zsiga 1993 for 
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a discussion of the categorical/gradient distinction and how it should 

be handled in phonological theory). 

(2) Pitch Mapping Convention 

In a tonal system, if a < b, then [aP] is always 
associated with a pitch that is lower in frequency 
than that associated with [bP] before universal 
and/or language-specific phonetic rules apply. 

Consequently, in a tonal system [lP] is always the tone level 

lowest in pitch and [nP] the highest, unless some later phonetic rules 

change the situation. There is no a pnorI reason to have [lP] 

represent the lowest pitch and not the highest, for example, we could 

replace "a < b" in the convention above with "a > b". However, it 

seems more mnemonic to have a lower number go with lower 

frequency and a higher number with higher frequency, and this is 

the convention I will adopt throughout this dissertation. 

Except for the Pitch Mapping Convention, the phonetic 

realization of [xP], namely, its specific frequency, is language-specific. 

That is, each language has its own phonetic implementation of [xP]. 

For example, not only might the [2P],s In two different tone 

languages have different phonetic pitches, but it is also possible for 

[3P] in one language to be phonetically lower (i.e., lower in 

frequency) than [2P] in another language. 

The tone feature [xP] is linked up to the tone bearing unit, 

assumed here to be the mora (J.L) or the moraic segment, following 

Hyman (1985, 1989), Duanmu (1990), Peng (1992), among others. 

As an example, the low, mid, high, and top tones in a four-level tone 



system are given in (3a-d). 

(3) a. Low tone b. Mid tone c. High tone d. Top tone 

J.L 
I 

[IP] 

J.L 
I 

[2P] 

J.L 
I 

[3P] 

J.L 
I 

[4P] 
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Contour tones are analyzed as sequences of level tones, 

following Woo (1969), Goldsmith (1976), Yip (1980), Duanmu (1990, 

1992), among others (but cf. Pike 1948, Wang 1967, McCawley 1970, 

Leben 1973a, Elimelech 1974, Newman 1986) and are represented as 

[aP][bP], where a "* b. The notation [aP][bP] is abbreviated as [abP]. 

An example of a rising tone [12P] is given in (4a), while an example 

of a falling tone [42P] is given in (4b). Note that it is possible to link 

up the two (or more) tone levels of a contour tone to one tone 

bearing unit (mora) or two (or more) tone bearing units. Duanmu 

(1992) argues that contour tones only occur on syllables with two 

moras. I consider this an open question, although in Chapter 5 we 

will see that there are good reasons for taking the representations on 

the left as describing contour tones in Taiwanese. 

(4) Contour tones 

a. Rising tone [12P] 

J.LJ.L 
I I 

[IP] [2P] 

or J.L 
/ \ 

[IP] [2P] 



b. Falling tone [42P] 

!l !l 
I I 

[4P] [2P] 

or !l 
/ \ 

[4P] [2P] 
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An immediate advantage in representing tone levels with a 

multivalued feature is that systems with any number of tone levels 

may be represented equally easily. I will use Black Miao (Kwan 

1966) (mentioned above in Section 1.2.2) as an example. Black Miao 

has five level tones, in addition to three contour tones. Therefore, 

five tone levels are needed to represent the tone inventory. In 

Phonological Pitch, this can be done very easily. Recall that the set P 

is {[xP] such that 1 ~ x ~ n}, where n is a language-specific number. 

In Black Miao, the value for n is 5. Since there is no evidence of 

underspecification in this language, the set P is {[IP], [2P], [3P], [4P] , 

[5P]}. The tone inventory of Black Miao, which was given earlier in 

Chapter 1, can be represented as in (5) below in terms of 

Phonological Pitch. 

(5) Tone inventory of Black Miao (Kwan 1966) 

[IP] la "candle; smooth, polished" 
s:) "to throw (stone)" 
tju "waist" 
va "I, me" 

[2P] la "to move away, to even" 
t:) "far" 
Jl "eight" 
mo "to go" 



[3P] 

[4P] 

[5P] 

[35P] 

[13P] 

[51P] 

la 
ta 
tjo 

"cave, den" 
"thick; to die" 
"broom" 

xe "tall, high" 

la 
sai 
xaIJ 

la 
ta 
phe 
sha 

la 
ta 
tju 
mho 

s:) 

t:) 

tju 
sho 

la 
mo 
ta 
tju 

"a general classifier" 
"five" 
"to walk" 

"short" 
"to take, use, etc." 
"pumpkin" 
"uncooked rice" 

"to squeeze" 
"to break, to kill" 
"six" 
"to see, look" 

"to play with toys" 
"not" 
"knife" 
"to close" 

"to mow" 
"you" 
"fall (rain)" 
"door" 
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Tonal systems like Black Miao that use five tone levels are very 

rare, but not nonexistent. Maddieson (1978a) lists the following 

languages that contrast five levels of tone: Dan (Bearth and Zemp 

1967), Kporo and Ashuku (Shimizu 1971), Nagmambo (Asongwed 

and Hyman 1976), Black Miao (data from F. K. Li, cited by Chang 
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1953), Tahua Yao (Chang 1953), some of the Puyi dialects (Sarawit 

1973), Trique (Longacre 1952), and Usila Chinantec (Rensch 1968). 

More recent reports on five-level tone languages include Hollenbach 

(1984) and Shi et al. (1987). 

To my knowledge, five is the maximum number of tone levels 

that has been reported in the world's languages. Since Phonological 

Pitch does not set a universal upper limit on the value of the tone 

feature, it potentially allows languages with tone levels greater than 

five. It will be argued in Chapter 3, however, that this limit follows 

automatically from extragrammatical principles and constraints. 

Therefore there is no need to stipulate in the grammar a universal 

upper limit on the number of tone levels permitted in a system. This 

allows the tone feature to be represented quite elegantly, since there 

is no need to devise ways to predict only four tone levels, or only 

five (whichever the particular author considers to be the universal 

upper limit). 

Another advantage of having a multivalued tone feature is that 

it will be very easy to capture tonal transpositions where tones 

alternate in a scalar fashion (e.g., L-> M, M-> H; see analysis of 

Taiwanese in Chapter 5). Scalar tonal transposition is a serious 

problem for binary feature systems. I will discuss the formalism of 

tonal transposition in detail in Section 2.4.4. 

These empirical advantages, and others, of a multivalued tone 

feature will be discussed in more detail throughout this thesis. Now 

I consider another important theoretical question relating to 
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multivalued features: that of underspecification. 

2.2.2 Multivalued features and underspecification 

In this section, I turn to the issue of underspecification, an 

issue where a multi valued feature, such as the one I propose here, 

proves to provide some crucial insights. In particular, at first sight it 

appears that the strong empirical support for underspecification 

theory proves that [Pitch] cannot be the right way to describe tone, 

since some major theories of underspecification, when combined with 

[Pitch], incorrectly predict that tonal systems can never have 

underspecified tones. I will show instead that this argument can be 

used in favor of Phonological Pitch, since one major theory of 

underspecification, namely Combinatorial Specification (Archangeli 

and Pulleyblank, in press), is quite compatible with [Pitch], thereby 

providing further support for this theory over the others. 

Feature underspecification has been widely discussed in 

feature theory (see, e.g., Halle 1959, Kiparsky 1982, Archangeli 1984, 

1988, Pulleyblank 1986, Clements 1987, Steriade 1987, Christdas 

1988). The basic assumption of feature underspecification is that 

predictable features should not be present in the underlying 

representation (Kiparsky 1982). For example, the presence of [-low] 

is predictable by the presence of [+high], and vice versa. Therefore, 

if one of them is present, then the other one is predictable and can 

be unspecified underlyingly. 

The concept of underspecification appears to be useful and 



54 

well-motivated with tones, because some tonal systems do seem to 

be better accounted for if one of the tone levels is assumed to be 

underspecified (see, e.g., Pulleyblank 1986). 

However, underspecification also seems to face serious 

problems with multivalued features. All theories of 

underspecification assume binary feature systems. By contrast, the 

tone feature proposed in this thesis is a multivalued feature. How 

can underspecification theory handle multivalued features? 

The answer to this question depends on what theory one 

adopts. There are at least three different theories of 

underspecification current in the literature: Contrastive 

U nderspecification, Radical U nderspecification, and Combinatorial 

Specification. I will show how these three theories must handle 

multivalued features such as the tone feature [Pitch] proposed in this 

thesis. 

Contrastive Underspecification Theory (e.g., Clements 1987, 

Steriade 1987, Christdas 1988) claims that all and only contrastive 

features are present in the underlying representation; noncontrastive 

features are excluded from the underlying representation. 1 

Therefore, if a sound system contrasts high vowels Iii and lui with 

mid vowels lei and 10/, both [+high] and [-high] must be present in 

the underlying representation. Under this theory, all values of the 

1 It has been suggested to me that this theory is out of date and thus need not be 
discussed. The proponents of this theory would surely disagree. In fact, this 
theory seems to be one major motivation for the current move in much 
literature towards privative features. See, for example, the critique of voicing 
as a privative feature in Peng (1991). 
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multivalued tone feature would have to be present in the underlying 

representation since they contrast with one another. For example, in 

a tonal system where four contrastive tones are found, all four tones 

[IP], [2P], [3P], and [4P], must be specified. In other words, it is 

impossible to underspecify tones under Con trasti ve 

Underspecification Theory. This is shown in (6) where L, M, H, T 

stand for low, mid, high, top tones. This is clearly an incorrect 

prediction. 

(6) Tone in Contrastive Underspecification 

Distinctive 
[Pitch] 

L M H T 
[IP] [2P] [3P] [4p] 

Radical Underspecification Theory (e.g., Kiparsky 1982, 

Archangeli 1984, 1988, Pulleyblank 1986) is also difficult to 

accommodate with Phonological Pitch.2 In this theory, only one 

value of a feature is underlyingly specified; the other value is filled 

in by a default fill-in rule at a later stage. For example, if [+high] is 

specified, then [-high] must be unspecified. In a binary feature 

system, this seems to be a fairly straightforward device since after 

one value of the feature is specified, there is only one value left for 

the same feature. This unspecified value is predictable. However, in 

a multi valued feature system, if only one value is specified, it would 

2 Again. it has been suggested that this theory is out of date. since the major 
proponents of it have rejected it in favor of Combinatorial Specification 
(Archangeli and Pulleyblank. in press). However. many other researchers 
still use some version of it. including. for example. Kiparsky (1993). 
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leave many other values unspecified. For example, in a four tone 

system, if one tone, say the high tone, is specified, the other tones are 

all unspecified, as shown in (7). 

(7) Tone in Radical Underspecification 

Distincti ve 
Tone 

L M H T 
[3P] 

In other words, there are three unspecified tones and they 

cannot all be the default tone. One possible solution is to have all but 

one value specified and leave only one value unspecified so that the 

unspecified value can be filled in later by the default rule. For 

example, in a tonal system with four contrastive tones, [IP], [3P], and 

[4P] have to be specified if the mid tone [2P] is the default tone. 

(8) Tone In Radical Underspecification (revised) 

Distinctive 
Tone 

L M 
[IP] 

H T 
[3P] [4P] 

However, this will conflict with the basic assumption of Radical 

Underspecification that only one value of the feature can be specified 

underlyingly. Hence, in order to accommodate multivalued features, 

Radical Underspecification Theory might have to make an adjustment 

so that only one value of the feature is unspecified underlyingly. 

Now we turn to Combinatorial Specification (Archangeli and 

Pulleyblank, in press). In this model, the basic units of nonprosodic 
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phonology are assumed to be valued features. These are free to 

combine simultaneously with each other in any way, with constraints 

on feature combinations being independently motivated (see 

discussion in Chapter 3). Rather than taking representations and 

then underspecifying them by taking away values, this theory 

assumes that underlyingly empty values are simply cases where a 

particular valued feature is not in the underlying inventory and so 

cannot show up in any combination. 

What would this theory mean for the tone feature [Pitch]? 

Since all valued tonal elements (e.g., [IP], [2P], etc.) lie on a single 

dimension, it does not make sense to combine any two of them at a 

single location. A sequence of such elements will create a contour 

tone, of course, but the simultaneous realization of two valued 

[Pitch],s is impossible, just as [+round] cannot combine with [-round] 

in a single segment. This suggests a universal constraint on tone 

feature combination like *[aP, bP], where [aP] and [bP] are realized at 

the same time. As an example, the feature combination of the 

underlyingly present features [2P], [3P], [4P] in a four tone (low, mid, 

high, top) language is given below. In this language, the low tone 

[IP] is simply absent from the underlying inventory, so that n=4, but 

P = {[2P], [3P], [4P]}. 
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(9) Tone in Combinatorial Specification 

a. Number of distinct tone levels: n = 4 

b. Underlying features: P = {[2P], [3P], [4P]} 

c. Universal constraint: *[aP, bP] 

d. Combinations: 

Low Mid High Top * * * * 

[2P] x x x x 

[3P] x x x x 

[4P] x x x x 

Therefore, we can conclude that Phonological Pitch IS 

compatible with Combinatorial Specification, but not with Contrastive 

Specification or Radical Underspecification, since only Combinatorial 

Specification allows for there to be an underlyingly unspecified 

default tone at all. This not only shows that Phonological Pitch can 

handle the empirical phenomenon of default tones, but if I am right 

about tone being handled by a multi valued feature, then 

Combinatorial Specification is the best underspecification theory 

currently available, since only it can deal with multi valued features.3 

3 An alternative, and at first sight, natural, way of expressing underspecified 
tones in Phonological Pitch has been suggested to me. Specifically, by 
including zero and negative values of [xP] in the formal model, the 
underspecified tone could be represented as [OP] and other tones could have 
positive or negative values depending on their relation to the default tone. I 
do not adopt this proposal for two reasons. First, it makes it difficult to encode 
the number of tone levels in the grammar as n. With the [OP] proposal, we can 
no longer say that a language has n tone levels and therefore all tones from 
[IP] to [nP]. Instead, we have to give both the top and bottom tones, raP] and 
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In the next section I turn to a closely related, but distinct, issue 

regarding universal default tones. 

2.2.3 Are there universal default tones? 

The issue of underspecified tones in particular is important for 

Phonological Pitch in another way, since some researchers, such as 

Pulleyblank (1986), have suggested that there are universal default 

tones. In a sense, this kind of suggestion implies that the features 

for tone are neither multivalued nor binary, but monovalent, since 

across all languages the same tones are claimed to always end up 

being underspecified. If this is right, then, tone is not described very 

naturally using a single multivalued feature. In this section I show, 

by contrast, that just as there is no universal upper limit on n, so 

there is no universal default tone. In addition, demonstrating this 

provides more evidence for a scalar tone feature over a set of binary 

tone features. 

In Phonological Pitch, there is no universal upper limit on the 

value of the tone feature [P]. Until the language-specific value of n is 

chosen by an individual language, the set of [xP] is an open set. 

[bPJ, and then calculate the total number of tones with the formula n = lal + Ibl 
+ 1. This is unfortunate, since as I show in Chapter 3, having n made explicit 
greatly simplifies the formalization of the extragrammatical constraints on 
the number of tone levels. Second, it is not clear what the entity [OP] means in 
auto segmental notation. In order to avoid the absurdity of [OP] spreading, 
blocking spreading, participating in OCP effects, and so forth, we would need a 
universal principle that deletes [OP] in every representation in which it 
appears at the beginning of the derivation. This is clearly clumsy and, as the 
text shows, unnecessary for handling underspecification effects with a 
multi valued feature. 
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Therefore, Phonological Pitch does not predict there to be any 

universal default values of the tone feature.4 Different languages 

will have different default tones (or no default tone at all) and the 

default tone is one of the things that the child has to learn when 

learning the language. 

This claim of Phonological Pitch strongly contradicts theories 

that claim universal default fill-in rules and universal default tones 

in tonal systems. Pulleyblank (1986: 103) claims that "evidence 

from tonal systems provides strong support for a theory where 

unmarked feature specifications are supplied by universal default 

rules." Pulleyblank (1986) makes very specific claims about this 

issue. His tone features are adopted from Yip (1980) with a change 

in terminology, i.e., using [raised] instead of [high]. 

(10) Pulleyblank's tone features (1986) 

4Phonological Pitch is consistent with the idea of a universal default tone, 
since we could stipulate, for example, that [lP] is universally unspecified. 
However, this would be an extra stipulation, not organic to the theory as a 
whole. I will discuss this more later in this section. 



61 

He claims that [-upper] is the universal default value for the 

feature [upper] and [+raised] is the universal default value for the 

feature [raised]. The universal default fill-in rules are given below. 

(11) Universal Default Fill-in Rules (Pulleyblank 1986, p.126) 

a. V -> V 
I 

[-upper] 

b. V -> V 
I 

[+raised] 

The following is a summary of underspecification and default 

tones in tonal systems under Pulleyblank's proposal. The default 

tones are highlighted. 

(12) Tonal specification (after Pulleyblank 1986) 

a. 2-tone systems 

H [+upper] 

b. 3-tone systems c. 4-tone systems 

H [+upper] 

M 
L [-raised] 

T [+upper] 
H [+upper, -raised] 

M 
L [-raised] 

At first this proposal does seem appealing. First, it is consistent 

with one of the underspecification theories, Radical 

Underspecification, in that only one value of each binary feature is 

present underlyingly. Second, it correctly predicts the default tones 

that Pulleyblank finds in the langua6e~ he has studied. Thus, in the 
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two-tone languages he studied, the low tone (L) is the default, while 

in the three-tone and four-tone language, the mid tone (M) is the 

default. Both Land M can be marked with [-upper], which allows 

him to give [-upper] as the default value for this feature. 5 

However, there are both logical and empirical problems in the 

arguments for choosing [-upper] and [+raised] as the universal 

default values. The logical problems arise because Pulleyblank 

(1986) crucially depends on two unmotivated presuppositions, 

namely: (i) L in two-level tone languages is universally [-upper], not 

[-raised]; (ii) M in three-level tone languages is universally [-upper, 

+raised], not [+upper, -raised]. Neither of these presuppositions are 

necessarily correct, and there are in fact theory-internal problems 

with both of them. 

First of all, there is no evidence against using [raised] as the 

distinguishing feature in two-level tone languages rather than 

[upper]. In other words, both (13a) and (13b) are valid feature 

underspecifications for two-level tone systems where only one of the 

two tone features is needed, assuming L is the default tone. 

(13) Two logically possible two-level tone systems 

a. H [+upper] 

L 

b. H [+raised] 

L 

5Notice that Pulleyblank's features allow for degrees of underspecification in 
tones. A tone may be fully specified (e.g., [+upper, -raised] for H in a four-tone 
system), fully unspecified (e.g., [Oupper, Oraised] for M) and partially specified 
(e.g. [+upper, Oraised] for T and [Oupper, -raised] for L). It is not clear what 
the empirical consequences of this would be for either phonology or 
phonetics. 
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Theoretically, we could choose [raised] as the tone feature. In 

this case, the default value is [-raised] instead of [-upper] as 

Pulleyblank claims. Therefore, his first presupposition is not correct 

unless he stipulates that in two-tone systems it is [upper] that is the 

distinguishing feature. 

If he does so, however, he runs into a theory-internal problem. 

As we will see in Chapters 3 and 4, Yip (1980), whose tone theory 

Pulleyblank (1986) adopts, argues that contour tones always involve 

changes in [raised] only; the value for [upper] stays constant. Unless 

Pulley blank (1986) explicitly rejects Yip's (1980) claim about contour 

tones, then he seems to be predicting (incorrectly) that two-tone 

systems cannot have contours. Of course, Pulleyblank's analysis was 

based on African tone languages and Yip's on Chinese tone languages, 

so there may be a typological difference, but if this is true, then 

Pulleyblank's defaults cannot be universa1.6 

The second presupposition, that M in three-level tone 

languages is universally [-upper, +raised], not [+upper, -raised], is 

also problematic. Note that there are two logically possible feature 

specifications for the mid tone in three-tone systems, that is, [+upper, 

-raised] (Ml in the figure below) and [-upper, +raised] (M2). The 

formal model predicts that they are equally valid. 

6 I reject Yip's (1980) analysis of contours as well, though for very different 
reasons. My point here was just to show that there may be an internal 
inconsistency in Pulleyblank's position. 



(14) Complete feature specification for three-tone systems 

+ Raised (H) 

+Upper 

-Upper 

-Raised (?M 1) 

+ Raised (?M2) 

- Raised (L) 
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However, he stipulates that the mid tone in three-tone systems 

is universally [-upper, +raised], not [+upper, -raised], just so that M, 

which is claimed to be the universal default tone in three-tone 

systems, can share the same feature [-upper] with L, which is 

claimed to be the universal default tone in two-level tone systems. 

Again this confronts Yip (1980). Yip claims that it is an 

empirical question as to whether a language represents M as [+upper, 

-raised] or [-upper, +raised]. This by itself implies that there cannot 

be a universal default tone. As a matter of fact, Yip considers the 

difference between two three-tone languages, Yala and Ga'anda, to lie 

in how they specify the mid tone. In Chapter 5, we will see that 

even within one language M can be represented in different ways in 

Yip's system. 

There is one final logical problem with Pulleyblank's proposal, 

and that is that by making the above stipulations, his tone system is 

not in fact a system with two binary features. This is because one of 

the four logically possible combinations of the two tone features is 

universally excluded in three-level tone systems. Thus, s~nce only 

three combinations of the two binary features are allowed, his tone 
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feature system now looks very similar to labeling the three tones H, 

M, and L, which is the same as one scalar feature with three values. 

There may be empirical differences between using H, M and L rather 

than [+upper, +raised], [-upper, +raised] and [-upper, -raised], but 

Pulley blank (1986) does not discuss them. Certainly the features 

will not make any surprising predictions about tone classes. Hand M 

will form a class because both are [+raised], while M and L will form 

a class because both are [-upper], but this is just what Phonological 

Pitch would predict as well (see 2.3 below). 

Notably, the data that Pulleyblank (1986) examined never 

forced him to exploit any empirical difference between his features 

and a scalar system. As a matter of fact, he uses the notation H, M, 

and L throughout his entire discussion, in the representations and 

derivations of every tonal system he examines. The binary features 

themselves are discussed only in one short section (4.5, pp. 

123-133), and even there they are not used to make any empirical 

claims. This means that Pulleyblank's (1986) data may be used as 

support for a scalar tone feature like [Pitch], since in all of the tone 

systems he examined, a multivalued feature is completely sufficient. 

Finally, there are also empirical problems with claims of a 

universal default tone. For example, Pulleyblank claims that the low 

tone is the universal default tone in two-tone languages. However, 

this claim is not empirically true. For example, consider Ngamambo 

(Hyman 1986, Hyman and Pulleyblank 1988), where a high tone is 

lowered to mid when following a low tone. 
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(15) Ngamambo (Hyman and Pulleyblank 1988) 

a. a-tsam a ma-ro:.i.n. 

--> a-tsam a ma-n.Yin. "home of the water" 

b. a-tsam a fa-kama 

--> a-tsam a fa-kama "home of the crab" 

Since the high tone is [+upper] and the low tone is [-raised], 

Hyman and Pulleyblank (1988:33) give the Lowering rule as 

spreading [-raised] to the following [+upper], which is unspecified for 

[raised], thus giving the mid tone as [+upper, -raised]. This conflicts 

with Pulleyblank's (1986) claim that the mid tone is universally 

[-upper, +raised].7 One could argue that the derived mid tone is 

actually different from the underlying mid tone, but the only 

motivation for doing this would be to avoid this problem. Like the 

examples that Yip (1980) uses to argue for different representations 

for M, this shows that there is nothing that would force us to assume 

the universal default values of Pulleyblank (1986).8 

In short, the suggestion of Pulley blank (1986) about there 

being universal default tones does not work. This is an important 

finding for Phonological Pitch for two reasons. First, it means we do 

not have to give up the idea of a multivalued feature for tone, since 

there appears to be no evidence that tone features act monovalent as 

Pulleyblank implies. Second, we saw that in Pulleyblank's own 

7 As a matter of fact, tone alternation with a scalar quality like this (i.e., where 
H -> MIL _), which I call transposition, is a problem for any binary feature 
system, as will be discussed in detail in Section 2.4.5 below. 
8 See also Chen (1989) for arguments that the default tone in Mandarin, a two
level language, is the high tone, not the low tone as Pulleyblank would predict. 
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survey of tonal systems, binary features are not in fact necessary. 

All one needs is a scalar system. For Pulleyblank this was the 

notation L, M, H, and for me this is the multi valued feature [Pitch]. 

2.3 The Contiguity Hypothesis 

In the above section, I have defined P as a set containing all 

tone levels in a tonal system. In this section, I argue that any subset 

of P that is made of contiguous members can act as one unit (Le., a 

class) in phonological processes. This hypothesis is called the 

Contiguity Hypothesis. 

The formalism proposed in this section stands in quite sharp 

contrast to the way classes of tones are derived in binary feature 

systems. Since [Pitch] is a single multivalued feature with a different 

value for each tone level, it cannot pick out natural classes of tone 

the way a binary feature does (e.g., when [+upper] picks out a mid 

and a top tone in a four-level tone system). This turns out to be a 

great empirical advantage of Phonological Pitch, since as we will see 

in Chapter 4, the data require tone classes that cannot be provided 

by binary feature systems. However, the way classes are derived in 

Phonological Pitch is quite constrained and natural. Namely, because 

of the Contiguity Hypothesis, a tone class is always a subrange of the 

range of a language's tone values. 

Before I can introduce this hypothesis, I first must make some 

fundamental definitions. Most basic of all is the concept of the tone 

interval, a positive integer which will also play a role in my 



discussion of transposition rules. 

(16) Tone interval 

For two tone levels raP] and [bP], the tone interval 
is the absolute value of a minus b (i.e., la-bl). 
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For example, the tone interval between [IP] and [2P] is 1 and 

the tone interval between [3P] and [lP] is 2. 

This allows us to define the concept of contiguity. 

(17) Contiguity 

raP] and [bP] are contiguous if the tone interval between them 
is 1. 

For example, [2P] and [3P] are contiguous tone levels because 

the tone interval between [2P] and [3P] is 1, while [lP] and [3P] are 

not contiguous because the interval between them is 2. 

Now we turn to the concept of the tone class, a set of 

contiguous tone levels. To understand this definition, recall that P is 

the set of all tone levels in a language and n is the 

language-particular maximum number of tone levels. 

(18) Tone classes 

For a given P and a given n, C is a tone class if 

C = {xP such that a ~ x ~ b }, 1 ~ a < b ~ n 

that is, 

C = {aP, ... , bP} 

For example, in the set P = {[IP], [2P], [3P], [4P]} , subsets that 

contain contiguous members, such as {[2P] , [3P], [4P]} and {[2P] , [3P]}, 

are tone classes. By contrast, subsets that are not made of contiguous 
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members, such as {[IP], [3P], [4P]} and {[IP], [4P]}. are not legal tone 

classes. The notational convention for tone classes is [a-bP], where 

"a-b" means "from a to b" including all the intervening numbers. For 

example, [2-4P] means {[2P] , [3P], [4P]}. 

I claim that tone classes are the only legal classes of tone that 

may be involved in phonological rules. 

Hypothesis. 9 

(19) The Contiguity Hypothesis 

This is the Contiguity 

Targets and triggers of tone rules are always individual tones 
or tone classes. 

For example, under the Contiguity Hypothesis, the potential 

tone classes of a three-level tone system are the following: 

(20) Tone classes in a three-level tone system 

[1-2P] 
[2-3P] 
[1-3P] 

One possible tone class, namely the set {[IP], [3P]} , is ruled out 

by the Contiguity Hypothesis. In Chapter 4 I will discuss theories 

that predict such discontinuous tone classes and show that the 

evidence does not support them. Notice also that the set of all tones 

in the language, in this case, [1-3P], is also a tone class. The 

9With the definition of tone classes given above, the Contiguity Hypothesis 
should interact with underspecification in an interesting way. For example, 
in a four-level language where P = {[IP], [2P], [4P]} , it should not be possible 
for a single tone rule to refer to [2P], [4P], and the unspecified tone that 
surfaces as [3P] until the default [3P] is first filled in. This is because {[2P], 
[4P]} does not form a tone class, nor does {[2P], 0, [4P]} , where "0" represents 
the unspecified tone. I have not yet tested this prediction. 
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theoretical implications of this will be discussed later in this section. 

The two other tone classes given in (20) will be illustrated with 

the Ikom dialect of Yala, a tone language spoken in Eastern Nigeria 

(Armstrong 1968). This will show how the formalism of tone classes 

works, thus demonstrating that defining classes within the scale of a 

single multivalued features poses no intrinsic theoretical problem. 

In Yala, the value for n IS 3. That is, it is a three-level 

language, with the tone levels [IP], [2P] and [3P]. Interestingly, this 

language uses two of the tone classes described above, but in 

different rules. One rule uses the tone class [1-2P], while the other 

uses the tone class [2-3P]. According to Armstrong (1968), in (Ikom) 

Yala the high tone is lowered when following a mid tone or a low 

tone. Examples are given in (21). To be consistent with the original 

data, the following notations are used: ' marks a low tone; , marks a 

high tone; marks a mid tone. I have underlined segments that 

undergo the process for the purposes of clarity. 

(21) Yala High Tone LoweringlO 

a. la wei nil 
b. 15 kWE nya nil 
c. 16-fu-a-m.;i1 

-> [a wa nll 
-> [5 kWEnya nll 
-> [6-fll-a-ma] 

"you did not come" 
"he did not run" 
"therefore" 

10 Although in his published work, Armstrong (1968) does not motivate these 
underlying representations, we can safely assume that he left out the forms 
that led him to this analysis solely because they were irrelevant for the 
subject at hand; see also Yip (1980), who relies on Armstrong's data for some 
arguments. 
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The above examples show that mid and low tones form one 

tone class [l-2P] that acts as the trigger of the lowering. 

In this same language, there is also a rule that raises an initial 

low tone to mid when it is followed by a high or mid tone. Some 

examples are given in (22). In (22a) the initial low tone is raised 

when followed by a high tone, while in (22b) the initial low tone is 

raised when followed by a mid tone. 

(22) Yala Low Tone Raisingll 

a. 
b. 

l?!yi y:5 Dr~1 
lijenul 

-> [Byi y5Dr~] "boy, male child" 
-> [ljenu] "jaw" 

The examples In (22) show that the tone class [2-3P] IS 

conditioning the low tone raising. 

In summary, [1 P] and [2P] form a tone class that acts as the 

trigger of Yala Tone Lowering, while [2P] and [3P] form a tone class 

that acts as the trigger of Yala Tone Raising. These processes are 

schematized as follows. 

(23) a. Yala High Tone Lowering 

[3P] --> [2P] I [I-2P] _ 

b. Yala Low Tone Raising 

[IP] --> [2P] I _ [2-3P] 

II Armstrong (1968) implies that the phonetic realization of the raised low tone 
is not always the same as the mid tone. He writes: "Thus in loyf y5 Dr~1 'boy, 
male child', the d - is usually on the same pitch as the mid tones of y5 Dr~ ; and in 
lijenul 'jaw', the i- is higher in pitch than -nu." (p. 51). 
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Before ending this section, I should briefly discuss the tone 

class [l-3P] from figure (20). This tone class, or generally [1-nP] in a 

language with n tone levels, is equivalent in its effects to the tonal 

node that some models have proposed (e.g., Hyman 1989, Yip 1990). 

In these models, rules that affect all tone levels in a language are 

handled by manipulating (spreading, deleting) a node that dominates 

all tone features. A schematic representation of this is given below. 

(24) The role of the tonal node (schematic) 

J.l 
I 
o Tonal node 
I 

[tone feature] 

By contrast, in Phonological Pitch the same rules can be 

handled by referring to the tone class [1-nP]. That is, a rule that 

spreads or deletes all tones in some environment does not require an 

abstract tonal node to handle it. The same thing can be accomplished 

by spreading or deleting the tone class [1-nP]. Thus the very simple 

device of tone classes, which accounts for natural classes of tones 

that other theories require binary tone features to do, can also do the 

job of the tonal node. This is further evidence of the formal 

simplicity of Phonological Pitch. 

To summarize, the formalism of Phonological Pitch claims that 

tone rules always refer to single tones or to tone classes formed 

according to the Contiguity Hypothesis. Further empirical evidence 

in support of the Contiguity Hypothesis will be given in Chapters 3 
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and 4 when I discuss the question of whether tone classes can be 

universal (as predicted by theories where tone classes are derived 

with binary features). 

2.4 Tone rules 

In this section, I present the formal mechanisms necessary to 

describe tonal phenomena. In Section 2.4.1 I first give a typology of 

tonal phenomena, showing that in addition to the familiar processes 

of assimilation and dissimilation, which are easily handled using the 

traditional devices of autosegmental phonology, there is also a 

process of transposition, whereby tones are raised or lowered along a 

scalar continuum. In Section 2.4.2, after reviewing the devices of 

autosegmental phonology necessary to handle assimilation and 

dissimilation, I then show where the theoretical weaknesses of these 

devices are. These weaknesses motivate a more parameterized 

approach to rule representation, based on that of Archangeli and 

Pulleyblank (in press), that allows both for more constrained 

predictions but also more freedom in other ways to handle rules that 

traditional auto segmental theory cannot handle. In Section 2.4.3 I 

propose the parameters for tone rules, showing in particular that 

only such a formalism allows for a constrained description of 

transposition rules. Finally, in Sections 2.4.4, 2.4.5 and 2.4.6, I 

exemplify these parameters with analyses of rules of assimilation, 

dissimilation, and transposition, respectively. 
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2.4.1 Tonal phenomena 

In this section I show that there are three kinds of tonal 

phenomena: assimilation, dissimilation, and transposition. The first 

two are common with rules affecting any kind of feature, while the 

last is unique to multivalued (scalar) features like [Pitch]. These are 

the patterns that any formal model of tone must handle. Later we 

will see that the mere existence of transposition rules poses serious 

problems for traditional auto segmental theory and for previous tone 

theories in particular. 

Assimilation, the change of a tone value into that of a 

neighboring tone, is a very common tonal phenomenon (see the tone 

rule typology in Hyman and Schuh 1974). For example, in the Bantu 

language Shona (Myers 1990), toneless suffixes assimilate to the 

preceding tone of the stem. Some examples are given below. In 

(25b), the stem teng meaning "buy" has a high tone. All suffixes 

following the stem (es and a) surface with high tones. Compare the 

word with a low tone stem ereng meaning "read", where the same 

suffixes surface with low tones. 

(25) Shona High Tone Assimilation (Relevant morphemes are 
underlined.) 12 

a. ku-teng-a 
{inf-(["buy"-fv]) } 
"to buy" 

cf. ku-ereng-a 
{inf-(["read"-fv]) } 
"to read" 

12 High tone is marked with " while low tone is not marked. The high-toned 
stem /V2 ng/ is underlined. /ereng/ in the right-hand column is a low-toned 
stem. inf = infinitive, fv = final vowel, caus = causative extension, appl = 
applicative extension, recip = reciprocal extension 



b. ku-teng-es-a 
{inf-(["buy" -caus-fv D} 
"to sell" 

cf. ku-ereng-es-a 
{inf-(["read"-caus-fv]) } 
"to make read" 

k / / / / f c. u-ten g-es-er-a c . ku-ereng-er-a 
{inf-(["read"-appl-fv]) } 
"to read to" 

{inf-(["buy"-caus-appl-fvD} 
"to sell to" 

d. ku-teng-es-er-an-a 
{inf-(["buy" -caus-appl-recip-fv]) } 
"to sell to each other" 
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Shona also has tonal dissimilation, where one of a pair of 

originally identical adjacent tones comes to differ from the other. In 

the examples in (26), when two high tones are adjacent, the second 

high tone and all high tones afterwards surface as a low. 

(26) Shona High Tone Lowering (Myers 1990)13 

a. ndi-she 
{ cop-("chief')} 
"(he) is the chief" 

b. I-banga 
{cop-("knife") } 
"(it) is a knife" 

c. se-banga 
{"like"-("knife") } 
"like a knife" 

d. ne-vhu 
{"with"-("earth") } 
"with earth" 

(cf. ishe "chief") 

(cf. banga "knife") 

(cf. ivhu "earth, soil") 

13This is a version of Meeussen's Rule, also found in Luganda (see 2.4.2.2). The 
abbreviations cop = copula, 1 stsg = first person singular, fut = future. 



e. ndi-cha-teng-es-a (cf. kU-h~ng-es-a) 
{(lstsg-fut)-("buy"-caus-fv) } 

"I will sell" 
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Finally, tonal transposition is a phenomenon where 

phonological elements alternate in a scalar fashion, for example, a 

high tone changes to a mid tone, while a mid tone changes to a low 

tone. In this case, both high and mid tones are changed one step 

lower in pitch height.14 

The following examples are from Nikki Bariba (Welmers 1952), 

a Sudanic language with four tone levels. The four tones (top, high, 

mid, and low) are marked as la!, la!, /'a/, and raJ, respectively. In 

(27a), the mid tone is raised to high when preceding a low tone, 

while in (27b) a high tone is raised to a top tone when preceding a 

low tone. This process will be discussed in more detail in 2.4.5. 

(27) Tone Raising in Nikki Bariba (Welmers 1952) 

a. goni "guinea fowl" 
gon~ yen! "that guinea fowl over there" 

b. na tasu diiiira til planted yams" 
ml ra tasu duure "I plant yams" 

One property that all of these phenomena have in common is 

that all of them are local. That is, the environmental trigger for the 

14Transposition is also found in rules affecting vowel height. See Clements 
(1991) for discussion. 
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rule is always right next to the tone that gets changed. Thus, any 

tone theory must be able to describe assimilation, dissimilation and 

transposition and predict why they are local. In the next section I 

argue that a crucial part of the explanation must include 

auto segmental representation, although some modifications will have 

to be made to deal with transposition rules. 

2.4.2 Tone rules and autosegmental representations 

2.4.2.1 The devices of autosegmental phonology 

In this section I explain the basic assumptions of 

auto segmental phonology. I show how auto segmental theory can 

handle assimilation and dissimilation quite easily, mainly because it 

allows for a unified definition of locality, which I give here in the 

formalism of Archangeli and Pulleyblank (in press). The description 

of each tonal phenomenon still requires its own devices, however. In 

particular, dissimilation, but not assimilation, requires reference to 

the Obligatory Contour Principle. Finally, I show that transposition 

rules can also use the auto segmental idea of locality, but that no 

devices currently available can describe it completely. In the next 

few sections I argue that these devices become possible with the 

independently necessary change to a parameterized approach to 

auto segmental rules. i5 

In the auto segmental framework, features are represented on 

i5This discussion is based on many basic introductions to autosegmental 
theory, including van der Hulst and Smith (1982), Goldsmith (1990), and many 
others. 
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independent tiers. The prosodic tier consists of timing units like 

moras. In the case of tone, I assume the timing units are moras (as 

mentioned in Section 2.2), and the only other tier necessary is the 

tonal tier. These two tiers are illustrated below using the features of 

Phonological Pitch.16 

(28) Prosodic tier Il Il Il 

Tonal tier [2P] [IP] [4P] 

The tonal features may be linked to the moras by association 

lines, as illustrated below. These are the three basic elements of 

autosegmental representations: 

association lines. 17 

(29) 

Prosodic tier J.l 

I 

prosodic units, featural units and 

J.l J.l J.l 

I 1/ 
Tonal tier [2P] [lP] [4P] 

Each of these three basic elements can be inserted or deleted 

independently of the others, except that if something linked to an 

association line is deleted, then so is the association line. The six 

possible operations are illustrated below. 

1 6 In a tonal theory with more than one tone feature, there would be a separate 
tier for each feature, plus another one for the tonal node. 
17The idea of treating association lines as basic elements that can undergo the 
same operations as features comes from Archangeli and Pulleyblank (in 
press). 



(30) The basic operations in autosegmental theory 

a. 

b. 

c. 

Insert a feature 

!l 
--> I 

[IP] 

Delete a feature 

!l 
I --> 

[IP] 

Insert a mora 

!l 
I 

[2P] 
---> 

!l 

!l 
I 

[2P] 

d. Delete a mora 

!l !l 
I I ---> 

[2P] [IP] 

e. Insert an association line 

J.l J.l 

I --t 

!l 
I 

[2P] 

J.l 

1/ 
[2P] [2P] 

e. Delete an association line 

!l !l !l !l 
I I --> I 

[2P] [lP] [2P] [lP] 

[IP] 

J.l 

79 
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Assimilation can then be expressed as the insertion of an 

association line between a feature that is already linked to a prosodic 

unit and a timing unit. The changed tone becomes the same as the 

one next to it because it is in fact represented by the same tonal 

element. This is illustrated below. 

(31) Example of tonal assimilation 
J.l J.l J.l J.l 

I ----,} 1/ 
[2P] [2P] 

Thus the formalism prevents overgenerating rare or impossible 

rules such as those that are easily represented in linear notation 

below. 

(32) Tonal assimilations that do not occur 

a. 0 --> [2P] I [3P] _ 

b. 0 --> [2P] I [2P] [3P] _ 

An important aspect of spreading is the concept of locality: 

features can only spread to adjacent prosodic units. As far as I 

know, Archangeli and Pulleyblank (in press) are the only researchers 

who attempt to give a formal explanation for this basic fact. They 

claim that it follows from the Precedence Principle, given below. 

(33) Precedence Principle 

Precedence relations cannot be contradictory. 

This rules out nonlocal spreading for the following reason. 

Take the hypothetical rule below, which spreads the feature a. from 
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mora III to mora 1l3. 

(34) Nonlocal assimilation 

Jll 

I --> 

In the derived representation, III precedes 1l2, which precedes 

1l3, so that III precedes 1l3. However, the association lines mean that 

a., which is linked to Ill, also precedes 1l2, but at the same time a 

follows 112 because a is linked to 1l3. In other words, a. precedes itself, 

which violates the Precedence Principle. 1 S 

Importantly, notice that this way of ruling out nonlocal 

assimilation is only possible because of the basic concepts of 

auto segmental phonology, especially association lines. I now show 

how the same idea is also crucial in handling dissimilation. 

The basic operation involved in dissimilation is the deletion of 

a feature. In tone rules, this is the deletion of a tone feature, 

illustrated below. 

(35) Example of tonal dissimilation 

Il Il Il Il 
I I --> I 

[IP] [IP] [IP] 

This cannot be the whole story, though, because we still must 

address the question of locality. Why is a rule like that in (35) 

1SSee Hammond (1988) for another view, though. 



common, while a nonlocal rule like that in (36) is not? 

(36) Nonlocal dissimilation 

J.l 
I 

[IP] 

J.l !l 
I I 
[2P] [IP] 

J.l J.l 
--> I I 

[IP] [2P] 
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The key idea, of course, is that in (35) the deleted feature is 

right next to another identical feature. To make the concept of "right 

next to" clear, we need another formal definition that is also crucial 

to the idea of locality. This is Adjacency, found in Archangeli and 

Pulleyblank (in press) and Myers (1987, 1990). Part (37a) applies if 

one of the two elements involved is not linked, while part (37b) 

applies if both are linked. 

(37) Adjacency (based on Archangeli and Pulleyblank in press) 

ex. is structurally adjacent to ~ iff: 

a. at least one of the two is unassociated, both are on the 
same tier, and no element intervenes between the two 
on that tier. 

b. both ex. and ~ are associated to the same anchor tier 
and no anchor intervenes on that tier between the 
anchors on which ex. and ~ are associated. 

This idea also plays a role in assimilation. Basically, the 

constraint on assimilation rules is that tone features can only spread 

to adjacent moras. This is true for the rule in (31). Following (37a), 

the first mora on the left side of (31) is ex. , the second mora is ~, ~ is 

unassociated, both are on the same tier, and no element comes 
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between them. 

In the case of dissimilation, we need an additional device. This 

is the Obligatory Contour Principle, or OCP (McCarthy 1986). 

(38) Obligatory Contour Principle 

Within a tier, identical adjacent elements are prohibited. 

This principle means that the representation on the left side of 

(35) is ill-formed, since there are two adjacent examples of [IP] on 

one tier. Presumably, then, the language must apply the rule in (35) 

in order to avoid this illegal situation. 

When we turn to transposition rules, we find the same 

situation. The single concept of locality is crucial, but in order to 

derive the phenomena itself, we must propose a new formal device. 

Neither the device of spreading, used in assimilation, nor the OCP, 

used in dissimilation, can describe transposition correctly. 

First, it is not clear if transposition rules tend to transpose 

tones so that target and trigger become more similar or more 

dissimilar, or if both are equally common. This means that we 

cannot just take the formalism for assimilation, for example, and use 

it to explain all transposition rules, since dissimilation-type 

transposition rules also occur. In fact, the example given in the last 

section of Nikki Bariba, where the mid tone and the high tone are 

both raised one step before a low tone, is a case where the target 

tone becomes more dissimilar to the trigger. This suggests that we 

need a third mechanism to deal with the transposition phenomenon 
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as a whole. 

Second, even within one class of transposition rules, either the 

assimilation-type or the dissimilation-type, it is not clear how 

spreading or the OCP could apply. This is definitely true using the 

representation for tone argued for in this thesis, namely the single 

multivalued feature [Pitch]. A rule that raises low to mid and mid to 

high before a top tone cannot be spreading any raP], and a rule that 

lowers high to mid and mid to low before a top tone cannot be 

deleting any [aP]. 

The only way to describe transposition with spreading or the 

OCP would be to use a theory of tone that uses a whole set of 

features, such as that of Yip (1980). Below I show, however, that this 

type of formalism cannot describe all cases of transposition. 

Consider the example of Nikki Bariba, mentioned above. There 

are four tone levels. Using the tone features of Yip (1980) and 

Pulleyblank (1986), they would be described as shown below in (39). 

(39) The tones of Nikki Bariba 

Top: [+upper, +raised] 
High: [+upper, -raised] 
Mid: [-upper, +raised] 
Low: [-upper, -raised] 

As we saw in the last section, there is a rule in this language 

that raises the mid tone to high and the high tone to top before a low 

tone. Just descriptively, these patterns would be as follows using 

Yip's features. 
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(40) a. Mid raised to high before low 

[-upper, +raised] --> [+upper, -raised] / [-upper, -raised] 

b. High raised to top before low 

[+upper, -raised] --> [+upper, +raised] / _ [-upper, -raised] 

In the case of (40b), the rule is dissimilatory. That is, [-raised] 

becomes [+raised] before [-raised]. However, in the case of (40a), the 

rule is both dissimilatory and assimilatory, since [ -upper] becomes 

[+upper] before [-upper] (dissimilation) but [+raised] becomes 

[-raised] before [-raised] (assimilation).1 9 

There would have to be three rules to describe this one 

pattern. One rule would delete [-raised] before [-raised] according to 

the OCP, as in (40b). (40b) would require two rules. One rule would 

delete [-upper] before [-upper], following the OCP, while the other 

would spread [-raised]. I do not illustrate the rules because my point 

here is simply to show that spreading and the OCP clearly do not 

allow for an elegant analysis of this very simple transposition 

process. In other words, a new formalism for transposition rules is 

needed. 

In summary, I have shown in this section that the basic 

elements of auto segmental representations are features, prosodic 

timing units and association lines. One fundamental concept in 

auto segmental phonology is that of locality, which can be formalized 

with Precedence and Adjacency. Assimilation rules can be 

19 1 make my criticism of tone theories with multiple features for tone by 
focussing on Yip, but there are similar problems for all such theories. 
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represented with spreading, while dissimilation makes reference to 

the OCP. Finally, although the third type of tone rule, transposition, 

also involves locality, it cannot be analyzed with spreading or the 

OCP, but requires a new formalism. In the next section I will argue 

independently for the use of parameters in auto segmental theory, 

and then later we will see how parameters can be used to provide a 

simple formalism for transposition rules. 

2.4.2.2 Motivation for a parameterized approach to rules 

In this section I show why auto segmental representations 

alone are inadequate for all phonological processes, and how a 

parameterized approach can deal with this problem. In particular, I 

show that in some ways auto segmental representations are too 

specific and so do not have the flexibility to allow certain attested 

rules to exist. What is needed is a way to modify the formalism of 

rules so that these other rules can be handled, but without making 

the formalism too unconstrained and powerful. This can be done by 

breaking down the rule formalism into parameters which vary in 

constrained ways. The parameter approach, independently 

motivated in this section, will then turn out to help in formalizing 

transposition rules later. 

An empirical argument that autosegmental representations are 

too specific to handle all rules comes from Hyman and Pulley blank 

(1988). They show that describing rules with auto segmental 

representations alone gives rise to a paradox. Readers are referred 
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to this paper for the complete argument, but the problem can be 

explained in a simplified way as follows. There are two tone rules in 

Luganda they call Meeussen's Rule and the V2 Rule. Informally, 

Meeussen's Rule says that "all successive H tone-bearing units 

become L except the first". Examples illustrating this are shown 

below, where the tone marks indicate the surface tones C is high 

tone, ' is low tone) and the linked H's represent underlying tones (the 

vowels without such tones are underlyingly toneless). Notice that in 

(41 b) the second linked H surfaces as a low tone. There are 

originally two H's because they are in separate morphemes. 

(41) Meeussen's Rule (after Hyman and Pulleyblank 1988:36) 

a. a-lab-a "he sees" b. ba-lab-a "they see" 
I I I 

H H H 

c. a-mu-lab-a "he sees him" d. ba-mu-hlb-a "they see 
I I I him" 

H H H 

In other words, in the above case, Meeussen's Rule changes H 

to L (i.e. deletes H so that L can be filled in by default) in the 

auto segmental context shown below. 

(42) ~ ~ 

I t: 
H H 

Other examples show, however, that Meeussen's Rule must also 

apply in the formally distinct context shown below. 
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(43 ) 

J.l J.l 

V 
H 

For example, there is another rule called the V2 Rule that 

assimilates an H leftward to the second vowel of a verb form 

(counting from the beginning of the verb root). Examples of this are 

shown below, where the V2 Rule is assumed to be a tone spreading 

rule. 

(44) 

a -gul-ir -i -ad-e ... ..., I "" "' ....... .... -.~~ ... 
H 

"he has bribed" a-lab-ir-i-ad-e "has has 
I .................. ~~:.. ... I looked after" 

H H 

As can be seen in the above figure, however, the H tone does 

not show up on the vowels to the right of the leftmost target, nor 

does it show up on the leftmost target vowel if the stem is prelinked 

to H. This is due to interactions with Meeussen's Rule. That is, 

Meeussen's Rule applies to change all of the H's in a row into L's, 

except for the first one. Derivations for the above forms can then be 

given as follows. 



(45) Problematic derivations 
[based on Hyman and Pulleyblank 1988:38, with a spreading 
analysis] 

UR 

V2 

MR 

a-gul-ir-i-dd-e 
I 

H 

a-gul-ir-i-dd-e 

~I 
H 

a-gul-ir-i-dd-e 

~ 
H 

a-lab-ir-i-dd-e 
I I 

H H 

a -lab-ir -i -dd-e 
I~I 

H H 

a-lab-ir-i-dd-e 
I 

H H 
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The problem is, then, that Meeussen's Rule must apply to a 

series of separately linked H's, as in the first set of examples above 

in (41), but also within a structure of a single multiply linked H, as in 

the left derivation in (45), and also between a singly linked H and a 

multiply linked H, as in the right derivation in (45). Autosegmental 

representation is too specific to treat these as the same thing. 

Hyman and Pulleyblank (1988) deal with this problem by 

parameterizing the rules. As they note, "such parametric options do 

not lock a rule into any particular geometry unless such geometric 

properties are crucial for some reason" (p. 44). They formalize the 

V2 Rule and Meeussen's Rule as follows (in the next section I discuss 

more fully the details of the tone rule parameters that I will adopt). 



(46) V2 Rule [=(26) In Hyman and Pulleyblank 1988:44] 

I. a. insert 
b. structure 
c. maximal 
d. right to left 
e. iterative 

II. H tone 
IV. domain: last lexical stratum 

(47) Meeussen's Rule [=(27) in Hyman and Pulleyblank 1988:44] 

I. a. insert 
b. content 
c. maximal 
d. right to left 
e. iterative 

II. L tone 
III. target conditions: a. target = H tone 

b. target follows H tone 
IV. domain: last lexical stratum 
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Derivations would then work as follows. First, the V2 Rule 

spreads H leftward. Then Meeussen's Rule applies, assigning a L to 

every mora with H following an H-toned mora, ignoring the specific 

linking properties of these H's. This automatically delinks the H 

linked to the targetted mora.2 ° 

20Thus, only in the derivation on the right do we end up with a floating H; 
Hyman and Pulley blank (1988) note this has no phonological consequences. 
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(48) Correct derivations [from Hyman and Pulleyblank 1988:45] 

UR a -gul-ir -i -dd-~ a-lab-ir-i-dd-e 
I I I 

H H H 

V2 a-gul-ir-i-dd-e a-lab-ir-i-dd-e 
~I I ~I 

H H H 

MR a -gul-ir -i -dd-e a -lab-ir -i -dd-e 
1'\1/ I ~ H L H 

The complete argument is of course much more complicated, 

but the main point is very simple. Autosegmental representations 

are overly specific and parameters allow a way for them to be more 

general. 

However, parameters do not result in making the theory of 

rules too powerful. In fact, Archangeli and Pulleyblank (in press, 

pp.285-286) argue that parameters allow the theory of rules to be 

made more constrained. Namely, relying solely on auto segmental 

representations (what they call the "graphic model") allows for 

significantly more phenomena than actually exist: 

The parameters isolate specific components of processes 
that can vary, and determine the degrees of variability 
found with each component established. ... This contrasts 
dramatically with any approach positing a large number 
of parameters or unlimited variation for any given 
parameter (which are different ways of construing the 
graphic model). 

In short, there are several advantages for parameterizing rules. 
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First, as shown with the Luganda case, it is more general and flexible 

than a purely representational approach, so it can capture aspects of 

phonological processes which would seem unnatural under a 

representational approach. Secondly, as Archangeli and Pulleyblank 

(in press) note, parameterization provides a precise structure of the 

rule and thereby makes the assumptions of the theory of rules more 

clear. Perhaps it is for reasons like these that there has been a 

general trend in linguistic theory to parameterize formal models 

(Chomsky 1981, Manzini and Wexler 1987, McCarthy 1988), so that a 

move to parameters in phonological rule formalism should also 

improve communication among the subdisciplines of linguistics. For 

other arguments for parameterizing phonological rules, see Clements 

(1981), Clements and Sezer (1982), Archangeli and Pulleyblank 

(1987, in press), Steriade (1987), Yip (1988). 

In the following sections I show that this independently 

motivated concept of parameters can help us deal with the problem 

of tonal transposition rules. That is, we need a way to describe 

transposition rules that goes beyond the current devices of 

auto segmental theory (e.g., spreading and the OCP), but which is not 

so unconstrained that we predict rules that do not exist. Parameters 

help deal with this problem because we can now make one small 

change to the set of parameters argued for by Archangeli and 

Pulleyblank (in press) and others and this will be the only change we 

need to handle transposition rules. 
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2.4.3 Parameters of tone rules 

In this section I explain the parameters of tone rules that I will 

use to handle tonal assimilation, dissimilation and transposition. The 

only change we need to make to the parameters used by Archangeli 

and Pulleyblank (in press) is that the parameter Type can have the 

option Interval, in addition to Feature and Association Line.21 

There are two major formal properties in the parametric 

approach of rules. First, rules are in the form of a limited set of 

universal parameters which have universal options for languages to 

choose from. Second, as we saw above, the options of parameters do 

necessarily not rely on any geometrical representation such as that 

of auto segmental representation. Specifically, in this section, I 

suggest that a tone interval (introduced in Section 2.3 above) could 

be the Type of a rule, although it is not an auto segment and hence 

cannot be represented auto segmentally . 

Below I give the parameters for tone rules. Except for the 

addition of Interval, they are essentially identical to those used in 

Hyman and Pulleyblank (1988) and Archangeli and Pulleyblank (in 

press). 

21 The parameters of tone rules used here differ slightly from those proposed 
in Archangeli and Pulley blank (in press). In particular, for the parameter 
Type, they label the options F-element (instead of Feature) and Path (instead of 
Association Line). The theoretical background motivating their terms is not 
relevant here, and I have chosen to use more familiar terminology. 



(49) Parameters of tone rules 

I. 

II. 

a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

Argument: 

Insertion I Deletion 
Feature I Interval I Association Line 
Left-to-right I Right-to-Ieft 
Iterative I Noniterative 

any feature 

III. Target Conditions: free, except for locality 
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First of all, the parameter Operation has the options Insertion 

and Deletion. That is, a rule may insert an argument or delete it. 

The precise interpretation of these operations thus depends on what 

the value of the parameter Type is. 

The parameter Type can take the values Feature, Interval or 

Association Line. If the value is Feature, then what the rule does is 

Insert or Delete a feature. In the case of tone rules, Insertion or 

Deletion would then affect the tone feature or tone group in an 

auto segmental representation. Inserting or Deleting an association 

line is interpreted as spreading or delinking. Finally, Insertion or 

Deletion of a tone interval is interpreted as arithmetically adding or 

subtracting a tone interval. Exactly how this works will be made 

clear when we discuss transposition rules in more detail in section 

2.4.5.22 

The parameter Direction has only two values, namely Left-to

right and Right-to-Ieft. Again, the way this is interpreted depends 

22 Although this value is presumably a universal option for the parameter 
Type, it would only be usable with scalar features like [Pitch]. 
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on the values of the other parameters. For example, for the insertion 

of an association line, a Left-to-right direction would mean that the 

argument of the rule spreads to the nearest prosodic unit to the 

right. We will not discuss this parameter in detail, since Phonological 

Pitch adds nothing new to it.23 

Finally, the parameter Iterativity has the options Iterative and 

Noniterative. This parameter affects whether or not Insertion or 

Deletion occurs just once or repeatedly until it can no longer apply. 

Again, Phonological Pitch does not have much new to say here. 

These parameters describe the internal structure of a rule, but 

there are two other factors that are crucial for understanding rules. 

First, we must specify the Argument of the rule, that is, what gets 

affected. Second, we must specify something about the environment 

where the rule applies: the Target Conditions. 

In both of these factors, Phonological Pitch needs to change 

nothing from the proposals in Archangeli and Pulleyblank (in press). 

Thus the Argument is always a phonological feature with a value. 

More precisely, in the case of Phonological Pitch, the Argument may 

be any unit that plays a rule in tone rules. That is, it may be a 

valued feature like [IP] or [2P], but it also may be a tone group like 

[I-2P]. If the Type is Feature, then what is inserted or deleted is the 

Argument itself, so for example if the argument is the tone group 

[I-2P], then the rule will insert or delete both [IP] and [2P]. If the 

23 For arguments that apparently bidirectional rules are actually due to two 
one-directional rules, see Archangeli and Pulleyblank (in press). 
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Type is Association Line, then a link connecting the tone feature or 

set of features to something specified in the Target Conditions is 

inserted or deleted. If the Type is Interval, then the value of the 

tone feature or the values of each tone in the tone group is increased 

or decreased by the amount of the given interval. 

Similarly, nothing new needs to be said about the Target 

Conditions. These specify just 

environment for the rule to apply. 

what is necessary about the 

Later I suggest that one kind of 

Target Condition is the specific value of the tone interval involved in 

a particular transposition rule. Other than that, what is most 

important about this part of the rule is that this is where locality has 

its effect. That is, the Target Conditions cannot violate locality, 

because if they did, the rule would create representations that are 

illegal by the principles of Adjacency or Precedence. Except for 

locality constraints, then, the Target Conditions can be anything 

necessary to describe the rule, including specification of the OCP. 

Regarding the problem of transposition rules, this means that we do 

not have to make any dramatic changes in the theory of rules in 

order to explain why transposition rules obey locality constraints: it 

is intrinsic in the parameters for all tone rules. 

Thus the only new proposal I make is including Interval as an 

option for rule Type. In the three sections to follow, I demonstrate 

how tonal assimilation, dissimilation, and transposition are handled 

in a constrained way just by the parameters I have discussed above. 
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2.4.4 Tonal assimilation 

In this section, I illustrate how tonal assimilation can be 

handled with the above tone rule parameters. 

In Shona (Myers 1990), a two-tone Bantu language, a high tone 

within the stem spreads rightward to the end of the domain. Some 

data from 2.4.1 are repeated below. In (50a), where the stem ((in g 

"buy" has a high tone, the suffixes es (causative marker) and a 

(which Myers 1990 calls "final vowel") surface as high-toned. In 

(50b), however, where the stem ereng "read" has a low tone, the 

same suffixes es and a surface as low-toned. 

(50) a. 
b. 

ku-teng-es-a 
ku-ereng-es-a 

"to sell" 
"to make read" 

The best analysis of this pattern, following Myers (1990), is to 

treat high-toned stems as having a high tone underlyingly, while 

low-toned stems are toneless underlyingly. The suffixes, which are 

also toneless underlyingly, then assimilate to the high tone of the 

preceding stem. In the case of low-tone stems, the suffixes surface 

as low by a default rule, just like the low-toned stems. Since Shona 

is a two-level tone language, the high tone in this language is [2P] 

and the low tone is [lP]. The default tone rule, which is necessary 

for the derivations I give here and in the next section, is given below. 

(5 1) Shona Default Tone Rule 

J.l 
--> I 

[lP] 



The parameters for High Tone Assimilation are as follows. 

(52) High Tone Assimilation Rule in Shona 

I. a. Operation: Insertion 
Association Line 
Left-to-right 
Iterative 

b. Type: 
c. Direction: 
d. Iterativity: 

II. Argument: [2P] 
III. Target conditions: ~ (a toneless mora) 

A derivation showing how this rules works is given below. 

(53) Sample derivation 

Underlying Representation 

ku- te ng-e s-a 
I 

~ 
I 

[2P] 

High Tone Assimilation Rule 

k u -te-ng -es-a 
I I I I 
Ji fpJi 

[2P] 

Default Tone Rule 

Surface: 

k u -te-ng -es-a 
I I I I 
J.l Ji / ~Ji 
I I~ 

[lP] [2P] 

ku-teng-es-a 
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This example shows what the parameter settings are for a 

typical tonal assimilation rule. In the next section I show how the 

parameters also handle dissimilation. 

2.4.5 Tonal dissimilation 

As discussed above in 2.4.2.1, dissimilation processes can be 

analyzed as an effect of the OCP. Deletion is the operation that 

prevents the violation of the OCP when two identical auto segments 

occur next to each other. There are such cases in Shona as well. 

In Shona, a high tone is changed to a low tone when 

immediately following another high tone in the phonological word 

(Myers 1990). For example, the figure below shows that the high

toned stem ishe "chief" is changed to a low tone when following a 

high-toned morpheme ndf "(copula)" as in ndf-she "(he) is the chief." 

(54) a. 

b. ndi-she 
{cop-("chief") } 

"chief" 

"(he) is the chief" 

As an example of dissimilation, this rule involves an OCP effect 

with the target feature. Therefore, the Target Conditions include the 

OCP. The parameters of Shona High Tone Lowering can then be given 

as below. 



(55) Shona High Tone Lowering Rule 

I. Parameters 
a. Operation: 
b. Type: 
c. Direction: 
e. Iterativity: 

II. Argument: 

Deletion 
Feature 
Left-to-right 
Iterative 

[2P] 

III. Target Conditions: a. OCP 

b. J.L 

I 
[2P] 
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Below I give a sample derivation showing how this rule works. 

(56) Sample derivation 

Underlying Representation 

ndi-she 
I I 

[2P] [2P] 

High Tone Lowering Rule 

ndi-she 
I 

[2P] 

Default Tone Rule 

ndi-she 
I I 

[2P] [IP] 

Surface: ndi-she 
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This example shows that the similarities and differences 

between assimilation and dissimilation can be made very clear with 

parameters. The parameters for Shona High Tone Lowering differ 

from those for High Tone Assimilation in just a few specific ways. 

First, in Lowering the Operation is Deletion, not Insertion. Second, 

the type is Feature, since what is deleted is a feature, not Association 

Line as in High Tone Assimilation, where what is inserted is an 

association line between the tone feature and a toneless mora. Third, 

the Target Conditions are different, since in High Tone Lowering 

there is reference to the OCP. 

Thus, in these last two sections, I have formalized the processes 

of tonal assimilation and dissimilation in Shona with parameterized 

rules. In those cases, the use of the multi valued feature does not 

seem to have much advantage over a binary feature analysis or a 

non-featural analysis (e.g., using L, M, H, etc). However, as will be 

shown in the next section, the multivalued tone feature will become 

critical in handling tonal transposition. Nevertheless, there will be no 

dramatic changes in the parameters that are necessary. 

2.4.6 Tonal transposition 

In this section I show how the parameters discussed above can 

handle transposition rules in quite a simple way. I first list the 

properties that tonal transposition has, and then I show how the 

parameters can handle them by going through an example. 

Tonal transposition has the following characteristics. First, 
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transposition can be upward or downward. Upward transposition 

raises the tone level, while downward transposition lowers the tone 

level. Second, tonal transposition raises or lowers the tones by a 

specific tone interval which can potentially be any positive integer. 

Third, tonal transposition may involve a tone class. That is, a single 

rule can cause a set of tones to undergo the same transposition 

process. If the process involves raising the tone one interval higher, 

then every tone in the tone class is raised one interval higher. 

Taking these characteristics into consideration, the parameters 

of transposition rules can be seen to be as follows. 

(57) Parameters of transposition rules 

a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

Insertion / Deletion 
Interval 
Left-to-right / Right-to-Ieft 
Iterative / Noniterative 

These parameters precisely the same as those used above, 

except that the value for Type is Interval. As discussed above, this 

setting for Type means that what is inserted or deleted is a tone 

interval. A tone interval is not an autosegment, but a positive 

integer. Thus insertion is interpreted as addition to, and deletion as 

subtraction from, the value of the Argument. If the argument is a 

tone group, the interval is added to or subtra·:;ted from every tone in 

the group. The specific value of the interval is indicated in the 

Target Conditions, as will be illustrated below. 

The arithmetic interpretation of the Operation parameter 
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settings in transposition rules is defined as below. The insertion 

operation adds a tone interval to the target. The operation of 

deletion subtracts a tone interval from the target. This is given in 

(58) below, where i is a specific tone interval. 

(58) Transpositional operations 

a. Insertion of a tone interval 

For [xP] E P, x -> X + i 

b. Deletion of a tone interval 

For [xP] E P, X -> X - i 

Therefore, if the interval is 1, the Insertion Operation is x -> X + 

1 and the Deletion Operation is x -> x-I. 

An example of upward transposition is Nikki Bariba Tone 

Raising, discussed above in 2.4.1. In Nikki Bariba (Welmers 1952), a 

Sudanic language with four tone levels (top, high, mid, low), a high 

and a mid tone are raised to top and high, respectively, when 

preceding a low tone. That is, a nonlow tone becomes one step 

higher when preceding a low tone. Data are given below. Relevant 

segments are underlined. 
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(59) Tone Raising in Nikki Bariba (Welmers 1952) (T(op) 131, H(igh) 
lal, M(id) HJ.!, and L(ow) Ia!) 

a. M --> HI L 

gon!l 
goni! yen! 

bi! 
bi! Wen! 

b. H --> TIL 

na tasu diiura 
net ra tasu duure 

na boo Wi! 
na boo wi! k8 

"guinea fowl" 
"that guinea fowl over there" 

"child" 
"that child over there" 

"I planted yams" 
"I plant yams" 

"I saw a goat" 
"I saw a goat" (a different usage) 

These alternations can be schematized as follows, using the 

notation of Phonological Pitch. 

(60) a. [2P] --> [3P] I _ [lP] 

b. [3P] --> [4P] I _ [lP] 

Note that both [2P] and [3P] are targets of this process. 

Therefore, we can treat them as a class, namely the tone class 

[2-3P].24 Also note that in both (59a) and (59b), the interval 

involved is 1. If we collapse (60a) and (60b) into one statement, the 

upward transposition in Nikki Bariba can be described as follows. 

For the tone class [2-3P], the interval will be increased by 1 when it 

is preceding [lP]. The parameters of the Nikki Bariba Tone Raising 

24This is an example where [2P] and [3P] in a four tone system form one 
natural class, a case disallowed in other theories, as we saw in the discussion of 
Yip (1980) in 2.4.2.1. See Chapter 4 for further discussion of tone classes. 



rule can thus be given as in (61). 

(61) Nikki Bariba Tone Raising Rule25 

I. 

II. 

a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

Argument: 

Insertion 
Interval 
Right-to-Ieft 
Noniterative 

[2-3P] 

III. Target Conditions: a. 
b. 

_ [lP] 
i = I 

Below I give some sample derivations. 

(62) Sample derivations (Top la!, High la!, Mid la!, Low Ia!) 

a. gona + yen! --> gona yen! 

UR 

Tone 

gona 
I I 

J.l J.l 
I I 

[lP] [2P] 

Raising Rule 

gona 
I I 

J.l J.l 
I I 

[lP] [3P] 

+ 

SR gona yen! 

yen i 
I I 

J.l J.l 
I I 

[IP][4P] 

yeni 
I I 

J.l J.l 
I I 

[IP] [4P] 
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25 Since there is no direct evidence for the direction or iterativity for this rule. 
I assume that the values of Direction and Iterativity are the defaults. namely. 
Right-to-Ieft and Noniterative. The same holds for all other such rules 
formalized in this thesis. 



b. na boo wa + k8 --> na boo wa k3 

UR 
n a boo 'V\1a + 

I II I 

}l~ 
[3P] 

Tone Raising Rule 

na boo 'V\1a 

I II I 
}lV 

}l 

I 
[3P] [4P] 

Surface Representation 

na boo wa k3 

+ 

k~ 

I 
}l 

I 
[ IP] 

k~ 

I 
}l 

I 
[ IP] 
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Note that the transposition process in (62b) involves the raising 

of just the last [3P] in a multiply linked representation. As with 

Meeussen's Rule in Luganda, singling out just this tone would not be 

as easy to do without a parameterized approach to rules. More 

importantly, this example illustrates that a parameterized approach 

allows tonal transposition to be handled in a constrained way, 

without necessitating any great revisions in the way rules are 

represented. All we had to do was add the one option Interval to the 

parameter Type, and add "i = 1" to the Target Conditions. In 

particular, notice that the environmental constraint on the 

application of the Nikki Bariba Tone Raising Rule, namely "_ [IP]", 
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IS consistent with locality, just as we expect of a normal rule. 

In this section, though, I have shown that tonal transposition 

can be handled in quite a constrained way with parameterized rules. 

Since this chapter is intended to provide just the structure of the 

formalism of Phonological Pitch, I will not go into detailed analyses of 

other transposition rules here. However, further examples of 

transposition rules will be found in Chapters 4 and 5. In particular, 

some of the examples in Chapter 4 will show that the value of the 

tone interval i need not always be 1; there are at least cases where 

i=2. In any case, the formalism proposed in this chapter, combined 

with the extragrammatical constraints discussed in Chapter 3, is all 

we need to handle just the tonal rules that are attested in the world's 

languages. 

2.5 Summary 

In this chapter, I have introduced three aspects of the 

formalism of Phonological Pitch, namely, the tone feature, tone 

classes, and tone rules. The tone feature proposed is the multivalued 

feature [Pitch]. Tone classes are formed from contiguous tones, 

consistent with the Contiguity Hypothesis. Classes in tone rules 

always involve such contiguous tone classes. 

Tone rules are formalized within the autosegmental 

framework. As in traditional theories, tonal assimilation is handled 

by spreading and dissimilation by OCP-triggered deletion, but these 

operations must be parameterized. Transposition rules, where a tone 
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or a tone class is raised or lowered by a specific tone interval, are 

formalized within this parametric system as the insertion and 

deletion of tone intervals. 

The grammatical devices introduced in this chapter are not 

sufficient, however, to predict only tonal patterns that are attested in 

the world's languages. In particular, as we saw in this chapter, this 

theory does not have an upper limit on the number of tone levels, 

and there are other ways as well in which Phonological Pitch seems 

to be less constrained than earlier tone theories. I will argue in 

Chapter 3, however, that Phonological Pitch is in fact constrained, but 

not entirely by grammatical factors. Instead, it is also constrained by 

independently necessary extragrammatical factors governing the 

general nonlinguistic domains with which language interacts. 
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CHAPTER 3 

EXTRAGRAMMATICAL CONSTRAINTS ON PHONOLOGICAL PITCH 

3.1 Introduction 1 

As discussed in Chapter 1, one of the characteristics of 

Phonological Pitch is that it proposes the necessity of grammar

external constraints. In Chapter 2 above, I have presented the 

grammatical mechanisms of Phonological Pitch. In this chapter, I will 

explain what the extragrammatical constraints on Phonological Pitch 

are, and how they work. Since the grammatical model of 

Phonological Pitch is simpler and overgenerates more than previous 

theories, the arguments in this chapter are crucial in making the 

theoretical claims of Phonological Pitch go through completely. 

Phonological Pitch is less constrained in its grammatical 

mechanisms than previous theories in several ways. For example, it 

posits no upper limit on the value of the tone feature. This clearly 

raises some serious questions about whether Phonological Pitch can 

adequately describe the whole of tonal systems without incorrectly 

predicting systems that are not attested. If the grammatical model 

provides no upper limit on the value of the tone feature, how can it 

be prevented from generating extremely implausible languages with 

ten or even a thousand tone levels? 

1 Thanks to James Myers for drawing the illustrations in this chapter. 
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The solution to dilemmas like these, I argue, is the modular 

approach to constraining grammar that I discussed in Chapter 1. I 

show that quite familiar principles and constraints from outside 

grammar, in particular the Subset Principle of learnability (see e.g. 

Manzini and Wexler 1987) and psychoacoustic constraints on pitch 

perception, will be sufficient to limit the power of Phonological Pitch 

in precisely the ways that are needed without adding to the 

complexity of the overall theory at all. 

In fact, as I pointed out in Chapter 1, such a modular approach 

allows the overall theory to be simpler than any other previous 

approach to tone in the literature, since not only are the 

extragrammatical factors independently necessary, but the 

grammatical theory I have specifically designed to interact with 

these factors, i.e., Phonological Pitch, is thereby made extremely 

simple and elegant. 

This conception can be made clear by the following figure, 

repeated here from Chapter 1, representing the interaction between 

grammar and extralinguistic factors. The dark oval represents all the 

languages generated by UG. The smaller ovals represent all the 

things (not just languages) ruled out by learnability, perception and 

physiology. The areas marked "1", "2" and "3" represent 

grammatically possible languages that are ruled out by 

extragrammatical principles. Together UG and these 
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extragrammatical constraints result In the shaded area, in which all 

attested languages belong.2 

(1) The interaction of language with extralinguistic factors 

------ Learnability 

Physiology 

In the following three sections, principles and constraints from 

learnability and perception will be presented. It will be shown that 

several important characteristics of tonal phonology result from 

interactions between these extragrammatical constraints and the 

grammatical constructs of Phonological Pitch. Specifically, I will 

demonstrate the following points. First, limits on the number of tone 

levels arise from both the Subset Principle of learnability theory and 

the Perceptual Capacity Constraint of perception. Second, constraints 

on the grouping of tones in tone rules are derived from the Acoustic 

Similarity Constraint of psychoacoustics; that is, the Contiguity 

Hypothesis derives from perceptual factors. Third, constraints on the 

2There are other works that take a similar approach, such as Ann (1993), 
which argues that sign language phonology is tightly constrained by the 
anatomy and physiology of the hand. 
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set of legal contour tones arise from both the Perceptual Capacity 

Constraint of perception and the Acoustic Similarity Constraint of 

psychoacoustics. In the final section of the chapter, I will briefly 

discuss physiological constraints, showing why interactions between 

tone and laryngeal features like voicing do not imply that the 

phonological features for tone must be laryngeal. 

3.2 Extragrammatical constraints on learning to perceive tones 

In this section I introduce three constraints that will turn out 

to play important roles in limiting the power of Phonological Pitch: 

the Subset Principle from learnability theory, and the Perceptual 

Capacity Constraint and the Acoustic Similarity Constraint from 

psychoacoustics. I show that all three apply in extralinguistic 

domains as well and are independently motivated. In Section 3.3 I 

then show how they constrain Phonological Pitch. 

3.2.1 The Subset Principle 

In this section I show that learnability factors, in particular the 

Subset Principle, are independent of the grammar. That is, in 

contrast to the view taken in Culicover and Wexler (1977) and 

Wexler and Culicover (1980), among others, where the formal 

mechanisms of the grammar are argued to be so constrained that 

they only generate learnable languages, I follow Hammond (1991) 

and others in supposing that grammar is less constrained and might 

potentially generate unlearnable languages. The unlearnable 
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languages will then be excluded by principles in learnability which 

are motivated independently and are needed in learning in general. 

I then show what role the Subset Principle plays in the acquisition of 

tonal systems. This will be crucial for my discussion of 

extragrammatical constraints on Phonological Pitch in Section 3.3. 

The core idea of learnability theory (see e.g., Manzini and 

Wexler 1987, Wexler and Culicover 1980) is that "linguistic 

experience consists of 'positive data' (that is, grammatical sentences) 

only but that the learner is given no information about what 

sentences are ungrammatical" (Manzini and Wexler 1987, p.413). 

This fact has an important effect on the nature of language 

acquisition. If the child starts with a hypothetical grammar that 

generates a subset of the adult's language, then whenever she hears 

something that is not consistent with her hypothetical grammar, the 

new data will provide positive evidence for the child to expand her 

grammar to one that is closer to the adult's grammar} However, if 

the child hypothesized a grammar that generates a language that is a 

superset of the adult's language, then due to the lack of negative 

evidence she would not be able to get down to the adult's grammar 

since all the evidence she hears would be consistent with the 

superset grammar. In other words, she would never learn the 

adult's grammar. 

This observation gives rise to the Subset Principle, formally 

given below. I follow Hammond (1991) in assuming that since the 

3 If they make mistakes, then language change takes place. 
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principle is derivable in the way shown above, it is not necessary to 

stipulate it in VG. In other words, it is itself an extragrammatical 

principle, presumably applicable to all cases of learning where only 

positive evidence can be used. For example, in learning by imitation 

any activity with a lot of risk, students will tend to be cautious, only 

imitating those parts they truly understand, since to go too far may 

lead them somewhere they cannot return from. 

(2) Subset Principle (based on Manzini and Wexler 1987: 44) 

If L(p(i)) ~ L(pU)), where L(p(i)) is the language (i.e., set 
of sentences) generated by a grammar with the 
parameter p with setting i, then i is a less marked value 
than j, so that the learner posits i first, only positing j if 
positive data proves that i is wrong. 

This principle can be applied quite easily to the problem of 

tone levels. In our case, the parameter in question is what I have 

labelled n, i.e., the number of tone levels a language has. This 

parameter can have any value from 1 on up. We will see that a 

language generated by a grammar with n-l tone levels is a subset of 

a grammar with n tone levels, where n is a positive integer. This 

means that a language learner must begin by hypothesizing a 

grammar where n= 1 (i.e., no distinctive tones at all), and will only 

increase the value of this parameter when there is positive evidence 

to do it. 

The logic is as follows. A language with n-l tone levels, Ln-l, 

has at least n-l morphemes (M), one with [lP], one with [2P], and so 
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on, up to one with [(n-l)P]. In the simplest case, then, Ln-l is 

identical to this subset, as shown below. 

(3) Ln-l ={M[1P], M[2P], ... , M[(n-I)P]} 

A language with n tone levels (Le., Ln) has all of these 

morphemes, plus M[nP], as illustrated in (4) below. 

(4) Ln ={M[IP], M[2P], ... , M[(n-l)p], M[nP]} 

Thus Ln-l is a proper subset of Ln (Ln-l c Ln) and therefore, L2 

c L3 c L4 c, ... , Ln-l c Ln for all n. 

Following the Subset Principle, then, the child learning the 

language will choose the smallest number for n, namely, n = 1, (n ;;::: 1, 

see Chapter 2). In this case, there is only [IP] in the language which 

means that the language does not use pitch distinctively. If she finds 

positive evidence for contrastive tones, then she will increase n to 2, 

and add a third tone to it later only if there is further positive 

evidence for the existence of the third tone. 

Thus no matter how many tone levels a language has, the 

hypothetical grammar always generates a subset of the adult's 

language until it is expanded to be the same as the adult's grammar. 

This conclusion is not in itself very useful, since any tone theory 

must assume it. For example, in the model of Yip (1980), with its 

upper limit of four tone levels, we would just say that a child 
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learning a four-level language begins by assuming that the language 

has no distinctive tones, then two, then three, and then finally four. 

However, in the following section we will see that this simple 

observation, combined with other equally familiar observations from 

experiments on pitch perception, are sufficient to derive the fact that 

languages are constrained in their use of tone levels. Indeed, we will 

see that only by constraining tone levels through extragrammatical 

principles like the Subset Principle can we explain certain facts about 

the relative commonness of different tonal systems. 

3.2.2 The Perceptual Capacity Constraint 

I turn now from general learnability constraints to general 

constraints on audition. The first constraint I call the Perceptual 

Capacity constraint, which limits how much information can be 

processed at once. This too will play a crucial role in the constraints 

on the power of Phonological Pitch. 

Human beings are very sensitive in the differential 

discrimination of fundamental frequencies. Flanagan and Saslow 

(1958) found that the just-noticeable differences in fundamental 

frequency were about 0.3-0.5 Hz in pure tone discrimination. Klatt 

(1973), by including the dynamic qualities of natural speech, found 

that subjects can detect a frequency difference as small as 1.5 Hz 

(with rising and falling pitch contours) or 4 Hz (with falling pitch 

contours). Considering the normal pitch range of adult male 

speakers, 80-160 Hz according to Fairbanks (1940), these findings 
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imply that there are quite a few pitches that can be discriminated 

within this range. 

In contrast to this acute differential sensitivity, as Pollack 

(1952) points out, is "the relative inability of a listener to identify 

(and name) sounds presented not for direct comparison but for 

individual identification." (p.745) 

In order to find out the limits on auditory identification, 

Pollack (1952, 1953) conducted a series of experiments on pure tone 

identification. The experimental method was as follows. Pure tones 

that varied only in fundamental frequency, spaced out in equal

logarithmic steps over the range of 100 Hz to 8000 Hz, were 

presented for about 2.5 seconds each, with approximately a 25 

second interval between presentations. The subject was asked to 

identify the tone by entering a numeral representing the tone (e.g., 

"This is tone number 7"). In one set of experiments, subjects were 

tested immediately, while in another set, the subjects were tested 

only after several days of practice. 

The results showed that regardless of the length of training, 

subjects made perfect identification only among five tones. With six 

tones or more, subjects made a lot of mistakes in their judgments. 

The following figure is a simplified version of Pollack's results. 



(5) Tone identification (after Pollack 1952, p. 748)4 
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64 

Note that it is not the case that the subjects could not identify 

tones at all when the number of tones goes beyond five, but rather 

identification became increasingly difficult. This is shown by the 

gradual drop in the percentage of successful identifications. In other 

words, there IS no absolute limit on the number of pitch levels that 

subjects could identify. 

Based on these results, I propose the Perceptual Capacity 

Constraint, as given in (6). 

4Most of the data Pollack provides are presented in terms of the amount of 
information transferred by a series of tones when each tone is presented 
indi vidually for identification (see Shannon 1948 for a classic discussion of 
information theory). He reports that "an informational transfer of 
approximately 2.3 bits is the maximum obtained. This is the equivalent to 
perfect identification among only about 5 tones" (Pollack 1952:748). 
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(6) Perceptual Capacity Constraint5 

The degree of difficulty in pitch perception increases as the 
number of pitches increases, increasing drastically above five 
pitches. 

Since Pollack's experiments used pure tones as stimuli and 

speakers of a non tone language as subjects, the Perceptual Capacity 

Constraint clearly applies to nonlinguistic domains. Therefore, it is 

an extragrammatical constraint. However, since spoken language is 

perceived through an auditory channel, we expect this perceptual 

constraint to play a role in language, especially in the linguistic use of 

pitch in tonal systems. Shortly I will demonstrate this interaction 

between perception and tonal systems, showing how this interaction 

results in an upper limit on tone levels (Sections 3.3.1) and the fact 

that tone classes conform to the Contiguity Hypothesis (Section 3.3.2). 

5 This psychoacoustic constraint on pitch perception is consistent with a more 
general constraint on the processing of information, as suggested by Miller 
(1956). Specifically, the amount of information that human beings can 
process is limited by short-term memory constraints, which limit the number 
of items that can be held in memory at one time to about 7 ± 2 categories. 
Miller (1956) claims that these short-term memory constraints play a role in 
perception in general: pitch (Pollack 1952, 1953), loudness (Garner 1953), taste 
(Beebe-Center, Rogers, and O'Connell 1955), visual position (Hake and Garner 
1951), size (Eriksen and Hake 1955), hue (Eriksen 1955), brightness (Eriksen 
1955). Hammond (1990) shows that such short-term memory factors can have 
long-term effects on the structures of language. He argues that certain limits 
on the variability of stress systems derive from the fact that language
learners can only examine about seven syllables at a time, due to the above 
constraint, while learning stress patterns. 
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3.2.3 The Acoustic Similarity Constraint 

The Acoustic Similarity Constraint is likewise extralinguistic, 

and yet also plays an important role in constraining tonal systems. 

The statement of this principle is given below. 

(7) Acoustic Similarity Constraint 

Stimuli that are acoustically similar are also perceptually 
similar. 

This observation is so obvious that it is hard to know what 

experimental evidence is necessary to support it. Perhaps the idea 

closest to it in the psychological literature is found in the behaviorist 

concept of generalization gradients. Experiments going back at least 

to Pavlov (1927) show that if subjects are trained to respond to a 

certain point on a physical continuum (e.g., a certain color on the 

color continuum or a certain pitch on the frequency continuum), they 

will continue to respond to stimuli that are near this point on the 

continuum, but not as strongly. To give an example of a very well

studied case, a pigeon that is trained to peck at a key of a certain 

shade of red will also peck at a key that is a slightly different shade 

of red, but not as often. The further away the shade is from the 

original red, the less often the pigeon will peck (see Walker 1987). 

These sorts of findings demonstrate three important things. 

First, subjects do react as if stimuli physically close to the original 

stimulus are perceptually more similar. Second, this phenomenon 

must be happening above a purely sensory level, since the subjects 
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are still able to discriminate between the stimuli (as can be shown 

even more clearly in other experiments designed to test just this). 

That is, subjects are not confusing the stimuli, but rather are showing 

that they perceive certain ones as more similar than others. Third, 

the Acoustic Similarity Constraint is definitely extralinguistic, since it 

occurs not only with nonspeech stimuli, but also with nonhuman 

subjects. 

In the following sections I will show how this constraint, both 

alone and in combination with the Perceptual Capacity Constraint, 

gives rise to important properties of the tonal system. 

3.3 Perceptual constraints and Phonological Pitch 

Above I described three very simple extragrammatical 

constraints and the effects they have in nonlinguistic domains. In 

addition, I showed what the Subset Principle requires to be true of 

the acquisition of tonal systems. I now turn to the question of how 

these constraints give rise to precisely the limits on the powers of 

Phonological Pitch that are needed to accurately describe tonal 

patterns. In particular, I show that these constraints are sufficient to 

derive the upper limit on the number of tone levels (Section 3.3.1), 

classes of tone used in tone rules (Le., why tone classes follow the 

Contiguity Hypothesis) (Section 3.3.2), and the typology of contour 

tones (Section 3.3.3). 
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3.3.1 Constraining tone levels 

In this section, I argue that the Subset Principle of learnability 

theory and the Perceptual Capacity Constraint of perception together 

give rise to the upper limit of tone levels found in tonal systems. 

First, following the Subset Principle of learnability theory the 

child will start with a hypothetical grammar that generates the 

smallest subset of the adult's language. In the case of tone levels, the 

child will start with n=l and increases it only when there is positive 

evidence. In other words, n will not go beyond the number of tone 

levels that actually appears in adult's language. Therefore, although 

there is no upper limit to the value of n in Phonological Pitch, the 

Subset Principle of learnability theory will not allow n to go higher 

than what is empirically attested. 

Consider now how the above principle interacts with the 

Perceptual Capacity Constraint. The Subset Principle says that the 

child requires positive evidence for each new tone level. This rules 

out possible learning strategies where, for example, the child just 

guesses at the value of n and then compares her hypothesis with the 

data. Since each tone level has to be learned from positive evidence, 

perception plays an important role. In particular, a new tone level 

can only be learned if it is perceived and remembered as distinct 

from all the previous ones learned. The Perceptual Capacity 

Constraint gives us an idea about how hard it is to do this task. It 

says that the more pitches that have to be identified as distinct, the 

harder the task becomes. In fact, the data from Pollack (1952, 1953) 
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suggest that when the number of pitches goes above five, the task 

becomes drastically more difficult. This gives rise to a limit of 

approximately, but not absolutely, five tone levels in tonal systems. 

The formal advantage of this approach is that the grammar, in 

this case the tone feature [Pitch], can be very simple since limits on it 

that can be explained by extragrammatical domains are not included 

in the grammar. However, there is also direct empirical evidence for 

this approach. That is, patterns that are otherwise mysterious or 

arbitrary under other theories can now be accounted for very 

elegantly. One example of such a pattern is the fact that the more 

tone levels a tonal system has, the rarer such a system is. 

Maddieson (l978b) investigated 207 tone languages and found 

that two-level tone languages are most common. As the number of 

tone levels increases, the number of languages decreases at first 

slowly, and then drastically, as shown in the table and graph below. 



(8) The frequency of tones (Maddie son 1978b) 
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This pattern cannot be explained within theories that posit a 

universal upper limit on the number of possible tone levels within 

the grammar. According to a theory that claims an upper limit of 

four, for example, we might expect there to be about the same 

number of languages with two, three and four tone levels, and then 

above four levels there should be no languages at all. Of course, 

theorists with such models could claim that the gradual drop-off 

shown above is not due to the grammar at all, but instead to 

precisely the extragrammatical learning constraints I just discussed. 

If so, however, their universal upper limit is not necessary. 

Languages with six or more tone levels do not have to be ruled out 
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by the grammar, since the Subset Principle and Perceptual Capacity 

Constraint predict that such languages should be so hard to learn that 

they will be too rare to show up in the relatively small set of 

languages that happen to exist on Earth today. In fact, if one ever 

arose, it would constantly be in danger of changing to a system that 

is easier to learn, that is, with fewer tones. 

Phonological Pitch, then, does not need to put an upper limit on 

the number of tone levels that a tonal system may have. By contrast, 

as we saw in Chapter 1, all previous theories propose a universal set 

of tone features which give a universally fixed maximum of tone 

levels, but notably, there is no consensus on what this universal 

maximum might be. The maximum has been given as three (Halle 

and Stevens 1971), four (Yip 1980, Pulleyblank 1986, Bao 1990), five 

(Wang 1967, Sampson 1969, Woo 1969, Maddieson 1970, 1972), six 

(Duanmu 1991), and nine (Hyman 1989, Duanmu 1990). I have 

argued here that the mistake these previous researchers have made 

is assuming that constraints on the number of tone levels must 

appear in the grammar rather than outside the grammar. 

In summary, I have shown in this section how the Subset 

Principle and the Perceptual Capacity Constraint together give rise to 

upper limits on the number of tone levels in tonal systems. I have 

also shown that only this approach accounts for the fact that the 

more tone levels a system has, the fewer languages found in the 

world will have such a system. In the section to follow, I will discuss 
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how another extragrammatical constraint, the Acoustic Similarity 

Constraint, plays a role in forming classes in tone rules. 

3.3.2 Constraining tone classes 

The Acoustic Similarity Constraint says that pitches will be 

treated as perceptually more similar the closer they are in 

fundamental frequency. In this section I show how this interacts 

with the learning of tonal systems to give rise to the Contiguity 

Hypothesis, the claim that tone classes in rules always consist of 

contiguous tones. 

The argument is as follows. First, many studies have shown 

that Fo (pitch) is the primary acoustic cue for tone in tone languages 

(Abramson 1962, 1972, 1975, 1976a, 1976b, Chuang, Hiki, Sone, and 

Nimura 1972, Gandour and Harshman 1978, Gandour 1981, Tseng 

1981, Lin 1988).6 This means that the language learner begins to 

learn a tonal system by paying attention to pitch differences. This 

can be represented schematically below. The large arrow represents 

the child approaching the data of an adult tonal system with four 

tone levels. Notice that she must enter the system through the 

acoustics. 

6Secondary cues such as direction of pitch movement, magnitude of slope, etc., 
will be discussed later. 



(9) Child approaching a four-tone system 7 

Acoustics Phonology 

180 Hz---[4P] 

150 Hz ---[3P] 

130 Hz--- [2P] 

120 Hz --- [lP] 
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As I showed above, however, the psychoacoustic perception 

system has built into it a constraint, namely, the Acoustic Similarity 

Constraint. This will tend to group certain pitches together if they 

are contiguous in the scale of fundamental frequency. In other 

words, the child approaching a four-tone system will perceive the 

four acoustic pitches as grouped as shown below. 

(10) Effect of Acoustic Similarity Constraint on tone acquisition 

Acoustics Phonology 

180 Hz ---[4P] 

---[3P] 

[ 

130 Hz--- [2P] 

120 Hz --- [IP] 

71 give specific Hertz values to make the figure clearer, but of course what is 
crucial for the child acquiring a tonal system is the relative placement of 
tones along the pitch dimension. 
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This means that there are natural categories for grouping tones, 

based on the acoustics. When learning (or mislearning) the tone 

rules in the adult language, the child will have the tendency to group 

phonological tones according to the acoustic groupings. This does not 

mean that the child is forced to used these groupings in the 

phonology, but just that if there are rules that group tones, they 

should do so in accordance with these acoustic groups. This gives 

rise to the Contiguity Hypothesis. 

It may be objected that this is not necessarily true. After all, 

there may be some other natural way the child could be biased to 

group tones. In fact, in a feature system like that of Yip (1980), 

which groups [IP] with [3P] and [2P] with [4P] in a four-tone system, 

the claim presumably is that these are natural groupings for the 

child that are specifically linguistic. That is, there may be more than 

just acoustic groupings for tone. 

However, any theory that claims this is more complicated than 

the one I propose here. I am making an empirical proposal about 

tone classes, and all I show here is that this proposal follows from 

independently necessary constraints on pitch perception. In later 

sections and chapters I will show in more detail why the Contiguity 

Hypothesis is empirically superior to other claims about tone classes. 

This kind of proposal has many precedents in the phonological 

and phonetic literature. I briefly mention just two here. First, 

according to the quantal theory of speech (Stevens 1972, 1989), 

phonological groupings in several domains result from acoustic 
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groupings. For example, Stevens (1989) shows that in movmg an 

oral constriction from the back of the mouth to the front, the degree 

of change in acoustics relative to the degree of change in articulation 

varies considerably. In some areas of the mouth, such as the palate, 

a small change in articulation causes almost no change in the 

acoustics, while in other areas, such as moving the constriction from 

near the alveolar ridge to the lips, there are sudden changes in the 

acoustics. In other words, according to the Acoustic Similarity 

Constraint, articulations within the palate will be grouped together in 

perception, while articulations near the lips and alveolar ridges will 

be placed further apart in perception. Interestingly, it turns out the 

the most rapid changes in acoustics are produced by small changes 

near the three primary places of articulation in phonological systems: 

the lips, the alveolar ridge, and near the velum. He concludes, then, 

that phonological systems tend to choose these areas for articulation 

to make lexical distinctions and form rules precisely because biases 

in psychoacoustics give rise to these phonological groupings. 

Of course, the concept of the quantal nature of speech is 

somewhat different from what I am claiming in this section, for at 

least two reasons. First, Stevens's work addresses the question of 

where lexically distinctive categories come from. Languages tend to 

have no more than one palatal because different palatals are 

acoustically too similar to keep them lexically distinct. By contrast, I 

am pointing out that if a child notes that the adult language clearly 

has two distinct lexical tone categories, the Acoustic Similarity 
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Constraint will still give her the chance to group them together in one 

rule-defined category. Presumably this difference arises because of 

differences in how psychoacoustics works with pitch as compared to 

other acoustic distinctions. That is, since pitch changes are along a 

single dimension which the mammalian ear is designed to be acutely 

sensitive to, we will not find children mishearing two tone categories 

as one as often as children presumably mishear two palatals as one. 

Second, the quantal nature of speech deals with universal categories, 

while the Contiguity Hypothesis is concerned with language-specific 

categories. This difference also results from acoustics, since moving 

the constriction around in the mouth causes quite dramatic changes 

in many acoustic dimensions, while pitch changes occur on a single 

dimension with no clear acoustic boundaries. 

Another precedent is found in the theory of Grounded 

Phonology (Archangeli and Pulleyblank in press), which claims that 

feature interactions in phonological systems are constrained by how 

the physical correlates of the features interact (both acoustic 

properties and articulatory properties). The idea can also be 

interpreted in terms of language acquisition. A child who has to 

learn a phonological feature cooccurrence constraint that is 

physically natural will have much less trouble than one who has to 

learn one that is physically unnatural. Thus languages with 

physically unmotivated constraints will be harder to learn and 

should be much rarer (Archangeli and Pulleyblank (in press) claim, 

in fact, that no such languages exist at all). This concept of grounded 
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feature interactions will come up again in Chapter 5, where the 

interactions between tone and other phonological features must be 

dealt with in order to understand Taiwanese Tone Sandhi. 

In short, then, I have shown that the Contiguity Hypothesis is 

derived automatically from the Acoustic Similarity Constraint, with 

no other stipulations being necessary. Empirical evidence for the 

Contiguity Hypothesis is given in Chapters 2, 4, and 5. 

3.3.3 Constraining contour tones 

So far in this thesis I have focussed on the problems of tone 

levels. All tone theories must address another issue, however, and 

that is the question of contour tones. Contour tones are tone units 

that involve pitch changes, for example, falling tone (change from a 

higher pitch to a lower pitch) or rising tone (change from a lower 

pitch to a higher pitch). As noted in earlier chapters, in this thesis, I 

assume that contour tones are sequences of level tones, following 

Woo (1969), Goldsmith (1976), Yip (1980), Duanmu (1990, 1992), 

among others. The problem is that if this is the correct analysis of 

contour tones, we seem to vastly overgenerate the number and types 

of contour tones that actually exist. In this section I show that 

constraints on the typology of contour tones also does not need to 

come from the grammar, since the independently motivated 

principles discussed above, in particular the Perceptual Capacity 

Constraint and the Acoustic Similarity Constraint, are sufficient to 

limit the power of Phonological Pitch in the way we need. 
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The overgeneration problem can be illustrated as follows. 

Suppose there are four tone levels in a language. The total number 

of possible contour tones made of a sequence of two level tones is 

therefore 12. This is six falling tones, as in figure (11), and six rising 

tones, as in figure (12), which is far more than attested for any four-

level tone language. In both figures, contour tones are also 

presented graphically, with lines indicating the starting and the 

ending points of the contour tones. 

(11) Possible falling tones in four-level tone systems 
(see also Yip 1980: 198) 

Falling: [43P] 
[32P] 
[21P] 

[4P] 

[3P] 

[2P] 

[ IP] 

[42P] 
[31P] 

[41P] 



(12) Possible rising tones in four-level tone systems 
(see also Yip 1980: 198) 

Rising: [12P] 
[23P] 
[34P] 

[4P] 

[3P] 

[2P] 

[ lP] 

[13P] 
[24P] 

[14P] 
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So far, no known language uses so many contour tones, 

either in terms of the total number of contour tones or in terms of 

the total number of each type (falling or rising). In particular, tonal 

systems tend not to have multiple contour tones that differ only in 

degree of slope. For example, a system may have one or two rising 

tones that differ in overall pitch height (that is, one contour will start 

higher than the other and also end higher than the other), but tone 

systems tend not to have contour tones that start at the same pitch 

but end at different pitches. And yet such contours are perfectly 

legal in the grammatical model presented here. How can we explain 

why there are far fewer contour tones than the grammatical model 

allows? 

Yip (1980) deals with this problem by complicating her 

grammatical system. She stipulates that the level tones that make 
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up a contour tone must belong to the same register. That is, contour 

tones stay constant in their values for [upper] and vary only in their 

values for [raised] (again using the terminology of Pulleyblank 1986). 

Contour tones such as [13P] and [31P] are thus ruled out because in a 

three-level or four-level tone system [IP] must be [-upper] and [3P] 

must be [+upper]. This means that a language can have at most two 

rising and two falling tones, and they can only differ in overall height 

(i.e., their value for [upper]), not in degree of slope. 

However, such a stipulation is not only empirically invalid (as I 

show in Chapters 4 and 5; see also the logical problems raised in the 

discussion of default tones in Chapter 2), but also formally 

unnecessary. I argue in this section that the limit on the number and 

types of contour tones comes from two extragrammatical constraints, 

i.e., the Perceptual Capacity Constraint and the Acoustic Similarity 

Constraint. 

As mentioned in Section 3.3.1 above, the primary perceptual 

cue for linguistic tone is fundamental frequency. Therefore, the 

easiest way to make tonal contrasts is to contrast pitch height, as in 

the case of level tones. This simple acoustic fact can explain why the 

overall ratio between the total number of level tones and contour 

tones in the 207 languages surveyed by Maddieson (1978b) is 84% 

level tones versus 16% contour tones (see also C. C. Cheng 1973b for 

similar conclusions). 
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(13) Separate percentages of level and contour tones in systems 
containing different numbers of tones (Maddieson 1978b, 
p.368)8 

% level 
%contour 

Number of tones in the system 
2 3 4 5 6 7 overall 

100 93 78 58 47 43 
o 7 22 42 53 57 

84 
16 

Already, then, we have some idea about why the typology of 

contour tones is more constrained than the grammatical system alone 

would predict. Namely, it seems that contour tones are disfavored 

by language learners, so that may be a last resort if the level tones 

alone are not providing enough distinctions.9 In particular, contour 

tones seem to be harder to learn because perceiving them requires 

sampling the pitch level at more than one point (see perceptual 

experiments described in Hombert 1976, Gandour and Harshman 

1978, Gandour 1978, 1979, 1981, 1983, Maddieson 1980). 

The evidence that this constraint on the total number of 

contour tones comes from outside grammar becomes clear, as with 

the evidence for extragrammatical limits on the number of tone 

levels, from an examination of the varying patterns across tone 

systems with different numbers of tones. Maddieson (1978b) points 

out that as the number of tones in a tonal system increases, the 

percentage of contour tones also increases, as can be seen above in 

8Note that we are referring to the total number of tones, including both level 
tones and contour tones, not the number of tone levels. 
9This is consistent with the typological universal noted by Maddieson (l978a) 
that "if a language has contour tones, it also has level tones." (p. 345) 
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figure (13). While languages with three or fewer tones rarely have 

underlying contour tones at all, languages with six or more tones 

actually have more contour tones than level tones. It is not clear 

how a purely grammatical approach to constraining contour tones, 

like that of Yip (1980), could derive this pattern. 

However, this phenomenon can be understood as following 

from the Perceptual Capacity Constraint. Since the degree of 

difficulty of learning a language increases with the number of tone 

levels, pitch height alone becomes a gradually less useful way to 

distinguish tones, and additional cues have to be used. Therefore, 

contour tones, which carry additional cues such as pitch change, come 

to play· a more crucial role in tone systems with more tonal 

distinctions. In summary, the number of contour tones in a given 

language is more a function of what is perceivable by the language 

learner than what is describable by the grammatical model. 

The discussion so far might be able to explain why level tones 

are preferred over contour tones and why languages do not use 

many contour tones. However, I have not yet discussed the 

constraints on the number of contour tones within each type of 

contour (falling and rising). 

As shown in (11) and (12) above, there can theoretically be up 

to six falling tones and six rising tones in a four-level tone system. 

However, no languages have been found to use that many contour 

tone contrasts. Maddieson (1978b) includes only one language in his 

set of 207 tone languages that has more than two rising tones. In 
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most of the cases, there is only one or two of each type of contour 

tones. 

Studies such as Gandour and Harshman (1978) and Maddieson 

(1980) have pointed out that pitch direction contrasts "have 

precedence over contrasts of amount of pitch change" (Maddie son 

1980:130). That is, the contrast between falling and rising contours 

is perceptually more salient than the contrast between different 

slopes of falling or rising. Everything else being equal, a language 

learner will thus have an easier time learning to contrast [13P] and 

[31P], which have different directions of pitch change, than [13P] and 

[12P], which have different slopes of falling. Therefore, a language 

will tend not to exploit different degrees of slope in contour tones. 

This pattern results from the Acoustic Similarity Constraint. 

Contour tones of the same type require perception to rely mainly on 

the slopes. If the number of the contour tones is high, for example, 

three rising tones, [12P] vs. [13P] vs. [14P], the perception of the 

contour tones will be based mainly on the three different slopes. 

Within a limited pitch space, perception will be fairly difficult for 

purely psychoacoustic reasons: the mammalian auditory system 

tends to notice direction of pitch change more easily than degree of 

pitch change (Maddieson 1980). This view, that constraints on the 

use of the degree of slope in contour tones come from 

extragrammatical factors, predicts that languages whose grammars 

allow several contour tones of the same direction will have to spread 

out the pitch range used by the tones, perhaps so much that the tonal 
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system becomes more difficult to articulate. This prediction appears 

to hold up. According to Maddieson (l978a), the pitch space (the 

difference between the highest tone and the lowest tone) in Toura 

(Bearth 1968), a four-level tone language with few contour tones, is 

only 50 Hz. By comparison, Gaoba Dong, with five levels and three 

rising tones, has an extremely large pitch space of 139 Hz (between 

120 Hz and 259 Hz), according to Shi et al. (1987). Tone theories that 

do not allow perceptual factors to constrain the typology of contour 

tones would not expect this. 

In summary, I have shown that the Perceptual Capacity 

Constraint and the Acoustic Similarity Constraint are sufficient to 

explain the typology of contour tones found cross-linguistically. 

First, contour tones require more than pitch perception in order to be 

identified, making them harder to learn than level tones. Second, by 

the Perceptual Capacity Constraint, simply increasing the number of 

tone levels gradually becomes a less efficient way to distinguish 

tones, meaning that contour tones become more necessary. Finally, 

the Acoustic Similarity Constraint makes it difficult to distinguish 

contour tones by degree of slope alone. Together these points mean 

that contour tones will be relatively rare, used only if level tones 

become inadequate to make all the distinctions needed, and that 

distinctions will not be made with degree of slope. The constraints 

that Yip (1980) builds into her grammatical system are not 

necessary . We have already encountered one piece of empirical 

evidence against her model as well, namely that Gaoba Dong has 
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three rising tones, which is impossible to reconcile with her 

grammatical model. Further empirical arguments for the 

extragrammatical approach to contour tones appear elsewhere in this 

thesis (Chapters 2, 4 and 5). 

3.4 Physiological constraints on tone 

One major way in which Phonological Pitch appears to be 

grammatically unconstrained is that it claims that tone is primarily a 

pitch-based phenomenon. Yet there is strong evidence that tone 

interacts with other phonological features that are not pitch based, in 

particular, laryngeal features such as voicing. This has led many 

researchers to suggest that tone is in fact a laryngeal feature. In this 

section I argue that such a move is not necessary and in fact does not 

work. Instead, I suggest that the interactions between tone and 

voicing must be due to extragrammatical factors, in this case, those 

involving the articulation of the phonological feature of [Pitch], 

although the precise way to formalize this observation is still subject 

to much controversy. 

I first give a brief overview on the basics of tone production. 

Then I turn specifically to the question of tone-voicing interactions. 

I show that tone and voicing are not articulated precisely the same 

way, implying that one cannot use precisely the same features to 

describe them. In fact, the interactions have been described by some 

researchers in terms of physically motivated constraints, in 

particularly, by Peng (1992), following the theory of Grounded 
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Phonology of Archangeli and Pulleyblank (in press). In other words, 

it is not necessary to use the same phonological features for tone and 

voicing in order to capture the fact that their phonological 

interactions are related to interactions between their physical 

correlates. 

Finally, I emphasize this point with a class of tonal interactions 

that have not yet been dealt with seriously in the tonal literature. 

These are interactions between tone and nonlaryngeal features, 

especially vowel height. I show that such interactions are also 

related to the physical interactions between the articulation of tone 

and articulation of vowel height, and yet clearly cannot be analyzed 

by using articulatory features for tone. Moreover, the relative rarity 

of such interactions in phonology compared to tone-voicing 

interactions is correlated with the relative weakness of the physical 

motivation for tone-vowel height interactions compared to tone

voicing interactions. No matter how these interactions should be 

formalized, it is thus nevertheless clear that the extragrammatical 

factors of articulation should play some role. 

3.4.1 Articulation of tone 

In this section I re .... ic·~v the evidence that the production of 

tone is mainly executed in the larynx. The speech function of the 

larynx is accomplished by a complex arrangement of cartilages, 

muscles, and tissues. I will not dwell on the complex anatomy and 

physiology of the larynx here except to emphasize how complex it 
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really is. This will show that phonologists cannot expect there to be a 

neat correspondence between proposed articulatory features and 

specific gestures. I will only focus on the structure and mechanism 

of the larynx in as far as this sheds light on pitch production and 

pitch regulation. The data that my simplified descriptions are based 

on come primarily from Zemlin (1968), Halle and Stevens (1971), 

Ohala (1973, 1978), and Schneiderman (1984). 

I first consider what the anatomy and the physiology of the 

larynx is like. Then I discuss how pitch regulation is accomplished, 

that is, how pitch is raised or lowered. From this it will be clear that 

the pitch range is relatively continuous in production as well as 

acoustically, providing further motivation for using a single 

multivalued feature like [Pitch]. 

The hard structure of the larynx consists of four principle 

cartilages: the thyroid, the cricoid, and a pair of arytenoid cartilages. 

The thyroid is the largest cartilage, and is shaped like two slightly 

rounded hands with the fingertips together and the thumbs (called 

horns) held upright. The cricoid cartilage sits on top of the trachea 

and is shaped like a signet ring, with the wider part in the back. It is 

joined to the lower part of the back of the thyroid at its lower back 

corners, forming a hinge that allows the front part of the thyroid to 

rotate up and down. Each arytenoid is shaped like a little pyramid 

and they sit on top of the wide part of the cricoid. They can rotate, 

slide and tilt. These structures are shown in the figure below. 
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(14) Exploded view of the larynx (based on Schneiderman, 1984:58) 
(dotted lines indicate where the different structures are 
attached) 

THYROID 

Each of the two vocal folds is attached, at one end, to the inside 

of the front part of the thyroid, and at the other end to one of the 

arytenoids. Thus just according to the geometry of the larynx, there 

are two general movements that the folds can accomplish. If the 

arytenoids are turned apart, the folds will separate. If the thyroid is 

rotated forward, the folds will lengthen. See illustration below. 
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(15) Location of vocal folds (based on description In Schneiderman, 
1984 ) 

These cartilages are moved both through intrinsic muscles (i.e., 

muscles inside the larynx) and through extrinsic muscles (i.e., 

muscles that extend beyond the larynx). The intrinsic muscles affect 

the size of the glottal opening and the length and tension of the vocal 

folds. Vocal fold closure is done with the adductor muscles, which 

include the lateral cricoarytenoid, vocalis (part of the thyroarytenoid 

muscle) and the interarytenoid muscles (the names make clear 

where the endpoints of these muscles are). Vocal fold opening is 

done by the abductor muscles, including the posterior cricoarytenoid. 

Vocal fold tension is controlled by the cricothyroid muscle, which, by 

drawing the front edges of the thyroid and cricoid cartilages 

together, lengthens and tenses the vocal folds. Finally, the extrinsic 

muscles affect the position of the larynx as a whole, which, because 

of the hinge between the cricoid and thyroid, also affects glottal 

opening and vocal cord tension. These muscles include the strap 

muscles, such as the sternohyoid (between the sternum and an arch

shaped bone called the hyoid, which is where the base of the tongue 
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is attached as well), sternothyroid, and the thyrohyoid, which move 

the larynx as a whole up and down, or within limits, forward or 

backward, and also the constrictors and other pharyngeal muscles 

which affect larynx position more indirectly. 

Already we can see that it is naive to expect a one-to-one 

correspondence between particular muscle movements and 

phonological features. For example, Halle (1983) tries to associate 

phonological features with specific muscles. Bao (1990) applies this 

idea in labeling the nodes that dominate his features for tone, 

claiming that the only two articulators involved in tone production 

are specifically the vocalis and the cricothyroid muscles. That is, he 

chooses just one of the muscles involved in controlling glottis opening 

and just one of the muscles involved in vocal fold tension, ignoring 

all the other intrinsic muscles and all of the extrinsic muscles as well. 

More realistically, as far as pitch production is concerned, we should 

consider the larynx a single complex machine whose many parts 

work together to reach an acoustic goal. 

This can be seen if we consider how different pitches are 

produced. Basically, the larynx produces pitch when air flow caused 

by the difference in air pressure between the lungs and in the 

supralaryngeal cavities passes the glottis, thereby causing the vocal 

folds to rapidly open and close through the Bernoulli effect (that is, 

the rapidly flowing air lowers the pressure between the vocal folds, 

drawing them closed). The rate of this vibration is the fundamental 
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frequency which is perceived by the human auditory system as 

pitch. 

There are at least four mechanisms by which pitch can be 

changed. One is by changing the length of the vocal folds with 

intrinsic muscles. This is done by first adducting (holding apart) the 

vocal folds and keeping the arytenoid cartilages fixed with respect to 

the cricoid cartilage, and then rotating the thyroid and cricoid 

cartilages with respect to each other. The second mechanism for 

changing pitch is to change the stiffness of the vocal folds themselves 

through the muscles internal to the vocal folds, namely the vocalis. 

Stiffening the vocal folds makes them vibrate faster, thus raising the 

fundamental frequency. Bao (1990) labels his two articulator nodes 

for tone Cricothyroid and Vocalis after these first two mechanisms, 

but there are more. 

The third mechanism for changing pitch is to move the larynx 

as a whole, thereby indirectly causing the thyroid cartilage to rotate 

on the cricoid cartilage, thus changing the length of the vocal folds. 

This requires the use of the sternohyoid and sternothyroid muscles, 

the former of which is used especially with low pitches and 

extremely high pitches. Finally, since pitch production is related to 

the rate of airflow through the glottis, pitch can also be manipulated 

by changing subglottal air pressure through another whole set of 

muscle actions. 

In short, it seems better to consider the larynx a single 

articulator capable of producing a wide range of pitches. This is 
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consistent with the view of phonological tone as being represented 

by a single feature rather than a set of features, each of which is 

correlated with a different laryngeal muscle. In the following two 

sections, I will show how the articulation of tone interacts with the 

articulation of voicing and vowel height. 

3.4.2 Tone and voicing 

Phonological Pitch proposes a pitch-based feature for tone. The 

grammatical system misses the observation that tone, which is 

produced by the larynx, often interacts with other features produced 

by the larynx, for example, voicing. This seems to be a serious 

weakness of the grammatical model of Phonological Pitch. In this 

section, however, I show that the tone feature itself does not have to 

be responsible for dealing with tone-voicing interactions. Instead, 

such interactions could be related to extragrammatical properties of 

speech production in terms of grammatical constraints, as argued by 

Peng (1992). 

The correlation of voicing and tone is one of the most common, 

most well-studied, and least controversial phenomena in tonology. It 

is not only common in historical sound change (Haudricourt 1954a, 

1954b, Mei 1970, Matisoff 1973a, Hombert 1978, Hombert, Ohala, 

and Ewan 1979, Sagart 1986, among others), but is also very familiar 

in synchronic tonology. For example, in Hausa and some Bantu 

languages (e.g., Zulu), the voiced initial consonants act as 

"depressors", which lower the pitch of the following vowel (Halle & 
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Stevens 1971, Hyman 1973, Laughren 1981, 1984). The voicing 

properties of the intermediate consonant also play a role in tone 

spreading and result in either a blocking effect or a transparency 

effect (Schuh 1971, 1981, Duanmu 1990, Peng 1992). 

The explanation for these patterns is quite straightforward: 

low tones are articulated similarly to voiced consonants, and high 

tones are articulated similarly to voiceless consonants. First of all, 

studies in acoustic phonetics have found that voiceless consonants do 

induce a higher fundamental frequency on the following vowel than 

voiced consonants, even in nontonal languages (House and Fairbanks 

1952, Lehiste and Peterson 1961, Lea 1973, Gandour 1974b, 

Hombert 1977, N earey 1989). There is also more direct articulatory 

evidence for this. With the vocal folds in a configuration for normal 

voicing (neither spread nor constricted), voiceless consonants are 

produced with relatively stiff vocal folds, while voiced consonants 

are produced with relatively slack vocal folds (see, e.g., Halle and 

Stevens 1971). This correlates with pitch changes, since as Halle and 

Stevens (1971: 199) put it, "stiffening of the vocal cords tends to raise 

the frequency of vibration, whereas slackening lowers the 

frequency." As we saw in Chapter 1, this physiological connection 

between the articulation of tone and voicing has led many theorists 

to propose laryngeal features for tone (e.g., Halle and Stevens 1971, 

Bao 1990, Duanmu 1990). 

However, there are at least two problems with the conclusion 

that tone-voicing interactions requires that we represent tone with 
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laryngeal features. First, as we saw in the previous section, the 

articulation of the larynx is quite complicated. It is naive to assume 

that the specific articulations for consonantal features like voicing 

will map perfectly into the articulations for specific tone levels. In 

particular, it appears that the same pitch level can be reached using 

different combinations of muscles, for example, by using intrinsic 

muscles or else by using extrinsic muscles. That is, the articulations 

of tone and voicing are similar, but not identical. 

Second, the work of Peng (1992) shows that there are other 

grammatical mechanisms that can be used to capture tone-voicing 

interactions in phonology. Following the theory of Grounded 

Phonology of Archangeli and Pulleyblank (in press), which states that 

grammatical feature cooccurrence constraints must be physically 

grounded, Peng (1992) argues that tone-voice relations can be 

expressed by grammatical constraints on feature interactions that 

are motivated by the similarity between the articulations of tone and 

voicing. In other words, rather than going from the phonetic fact 

that tone and voicing are articulated similarly to the grammatical 

claim that tone and voicing are represented with the same set of 

features, Peng (1992) shows that this same phonetic fact should 

instead be mapped into grammatical feature cooccurrence 

constraints. Significantly, Peng (1992) claims that phonological 

features for tone and voicing have no inherent grammatical 

connection. According to Grounded Phonology, the connection only 
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arises because their articulatory correlates interact in the 

extragrammatical domain of physics. 

The formal details of Peng (1992) are not crucial here, since in 

Grounded Phonology, the constraints that account for feature 

interactions are definitely intragrammatical, in spite of their 

extragrammatical motivation. In fact, for this reason it is 

controversial whether the theory of Grounded Phonology is 

compatible with the approach to extragrammatical factors taken in 

this thesis.} 0 Nevertheless, it is uncontroversial that the ultimate 

explanation for phonological tone-voicing interactions lies outside the 

grammar, namely, in articulation. Proponents of articulatory 

features for tone recognize this observation in their choice of 

features, while Peng (1992) shows it is better to put the observation 

into constraints on independent features. 

To summarize, then, we have seen in this section that tone

voicing interactions do not require laryngeal features for tone. 

Moreover, the articulation of tone and voicing show that it is not 

possible to use an identical set of features for both. Instead, the 

articulation of tone and voicing are merely similar. How the 

extragrammatical fact of articulatory similarity gives rise to 

phonological interaction can be captured by Peng's (1992) Grounded 

} 0 In a sense Grounded Phonology and Phonological Pitch are entirely 
compatible, because we have already seen that extragrammatical factors such 
as the Subset Principle and the Perceptual Capacity Constraint can also give 
rise to elements of grammars, such as the value of n (the number of tone 
levels allowed in the grammar of a particular language). 
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Phonology analysis, though whether this is the best possible analysis 

of this problem is controversial. 

3.4.3 Tone and other phonological features 

In this section I briefly discuss the rarely mentioned 

phonological interactions that tone has with nonlaryngeal features, in 

particular, vowel height. As with tone-voicing interactions, we will 

see that there is a physiological explanation for these phonological 

interactions, again showing the importance of extragrammatical 

factors for understanding the behavior of tone. This time, however, 

it is clear that these extragrammatical factors cannot be encoded in 

the grammar by using an articulatory feature for tone, since no 

plausible feature could be used to represent both tone and vowel 

height. Moreover, the relatively rarity of tone-vowel height 

interactions compared to tone-voicing interactions correlates very 

well with the relative weakness of the articulatory correlates of 

these phonological interactions. This will emphasize that a complete 

theory of tone must make reference to articulation, and that the 

articulatory facts cannot be encoded directly in the tone feature or 

features. 

Though it is rather rare, there are phonological systems with 

interactions between tone and nonlaryngeal features. For example, 

there are correlations between tone and vowel features in Cantonese 

(Hashimoto 1972), Fuzhou (or Foochow) (Chao 1934, Cheng 1961, 

Chen and Norman 1965, Wang 1969, Chan 1985, Tsay and Sawusch 
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1994), Rausa (Pilszczikowa-chodak 1972, cf. Newman 1975), Lahu 

(Matisoff 1973b), and Mandarin (Chao 1948, Pian 1965, Tsay and 

Sawusch 1994). 

This correlation is especially clear in Fuzhou, a three-level tone 

language. As the data below demonstrate, vowel height changes in 

response to the tone changes caused by tone sandhi (the complete 

description of which is too complex to get into here). The pattern is 

that vowels cooccurring with higher tones ([2P] or [3P], that is, the 

tone class [2-3PD are raised one vowel height level. That is, the low

vowel diphthongs laul and lail become the mid-vowel diphthongs 

loul and leil, respectively, while the mid-vowel diphthongs leil, 

lreyl and loul become the high vowels Iii, Iyl and lui, 

respectively.II 

(16) Tone-vowel height covanatlOn, triggered by tone sandhi 
alternations (Wang 1969 and Chan 1985) 12 

a. Low vowels to mid vowels 

haiIJ [12IP] 
heiIJ[3IP] - IJou?[I2P] 

kaiIJ [12IP] 
kein[3IP] - nyoIJ [2P] 

"luck" 
"happiness" 

"county" 
"county-chief; county 
governor" 

11 Notice that if both these patterns are accounted for with a single rule, this 
would be evidence for a transposition rule in vowel height, implying that 
vowel height may also be describable using a single multi valued feature. See 
Clements (1991) for further examples like this, which he analyzes using a 
multiple-branching approach. 
121 will have nothing to say about the interesting segmental alternations seen 
in the second element of the compounds. See Wang (1969) for discussion. 



tau?[12P] 
tou? [2P]-mu? [3P]-tseu[2P] 

b. Mid vowels to high vowels 

k'ei£12P] 
k'i£3P]-kiu[31 P] 

tei£121P] 
tH3P] - huoD [3P] 

tseiD [121P] 
tsiD [31P]-D uH 12P] 

trey[12P] 
ty[31P] - z:)uk[12P] 

ts'rey[12P] 
ts'y[31P] - zrey[12P] 

kOU[12P] 
ku [31P]_ rrey [121 P] 

hOU[121P] 
hu[31P] - ny[2P] 

"peck" 
"woodpecker" 

"air" 
"balloon" 

"ground" 
"ground-direction; place" 

"really" 
"very expensive" 

"write" 
"write-do; publication" 

"place" 
"everywhere" 

"old, past" 
"story" 

"woman" 
"woman-female; woman" 
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This covariation, like tone-voicing interactions, has a 

physiological explanation. As noted in the explanation of the muscles 

involved in changing pitch height, pitch height can be raised by 

moving the entire larynx upward with extrinsic muscles, which 

rotates the thyroid cartilage relative to the cricothyroid, thereby 

lengthening the vocal folds and raising pitch. Since the larynx is 

connected with muscles and other tissues to the hyoid bone, which in 

turn is connected to the base of the tongue, raising the larynx 
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indirectly raises the tongue body. Thus raising pitch can cause a rise 

in vowel height, although, because of the indirect nature of the 

articulatory interactions, the effect is usually rather small (Honda 

1983, Honda, Hirai, and Dang 1994»)3 The links between the larynx, 

hyoid bone and tongue are shown schematically in the illustration 

below. 

(17) Links between larynx, hyoid and tongue (based on Honda, Hirai, 
and Dang 1994) 

thyrohyoid 
membrane 

hyoid 

cricothyroid joint 

We cannot claim, of course, that these physiological effects are 

the direct explanation for the particular phonological pattern in 

Fuzhou. After all, the pattern in Fuzhou appears to be highly 

1 3 These articulatory connections can work the other way as well, so that 
higher vowel heights can give rise to higher pitches. This phenomenon is 
known as the intrinsic pitch of vowels (Peterson and Barney 1952, House and 
Fairbanks 1953, Lehiste and Peterson 1961, Ladefoged 1964, Mohr 1971, Lea 
1972, 1973, Hombert 1976, Ohala and Eukel 1978, Ewan 1979), which is even 
found with tone languages (Ladefoged 1964). Intrinsic vowel pitch is 
standardly explained by referring to mechanical and/or neural coupling 
between the oral and laryngeal articulatory systems (Lehiste 1970, Ohala 1973, 
1977, Ohala and Eukel 1978, Sapir 1978a, 1978b, 1989, Ewan 1979, Honda 1983). 
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lexicalized (see, e.g., Tsay and Sawusch 1994). Instead, the 

grammatical analysis of Fuzhou, which we will not attempt here, 

must include a grammatical device to represent tone-vowel height 

interactions. Unlike the case with tone-voicing interactions, however, 

there is no way that tone-vowel height interactions can be 

formalized in the grammar by using a single set of features for tone 

and vowel height. The best we could do would be to propose a 

feature like [±raised hyoid], parallel to the proposed laryngeal 

features used by some theorists to unify tone and voicing. The 

feature [raised hyoid] would have a positive value if the hyoid was 

raised, whether by the tongue body or by the larynx, and a negative 

value otherwise. Unfortunately, as we know from the physiology of 

pitch production, there are many ways to adjust pitch, and the larynx 

need not be intentionally moved in order to raise pitch. Moreover, it 

is very difficult to see where a feature like [raised hyoid] would fit in 

a feature geometry. model like those currently accepted in the 

phonological literature (e.g., Sagey 1986, McCarthy 1988). 

There is an even more serious problem with accounting for 

tone-vowel height interactions by proposing new features, namely, 

the ultimate explanation belongs outside the grammar. As noted 

above, phonological tone-vowel height interactions are rare. This 

probably follows from the fact that the physical connections between 

tone articulation and vowel height articulation are indirect and weak. 

Pitch can be raised without raising the larynx very much and the 

larynx can raise without raising the tongue very much. Because of 
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this, it is not surprising that grammars only rarely pick up this 

extragrammatical pattern and encode it in the phonological system. 

Thus if we had a feature like [raised hyoid], we would have to 

stipulate that it is grammatically highly marked. We would know 

why it was marked (because of articulation), but we could not say 

this anywhere directly in our theory. 

A model like Grounded Phonology may deal with this situation 

a little better. In this theory, there is an explicit statement that the 

relative commonness of feature cooccurrence constraints follows 

from the relative strength of their physical motivations. In a sense, 

however, even this theory must stipulate this observation. What is 

needed is a theory that allows physiological factors like the 

interactions between larynx height and tongue body height to play a 

more direct role in phonology, without incorrectly implying that in a 

given grammar tone-vowel height interactions are merely 

physiological and not truly phonological. Such a theory does not yet 

exist. 

Summarizing, I have shown in this section that tone interacts 

with vowel height in some phonological systems, and that like tone

voicing interactions, this is physiologically motivated. In fact, the 

relative rarity of tone-vowel height interactions correlates with the 

relative weakness of larynx-tongue body interactions. Thus it 

appears that the extragrammatical factors of physiology must be 

taken into account more directly than any current phonological 

theory allows, if we want to truly understand tonal phonology. 
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3.5 Conclusion 

In this chapter I have shown how some independently 

necessary extralinguistic constraints can constrain the patterns seen 

across tone systems. More importantly, I showed that Phonological 

Pitch can maintain its very simple and elegant structure because in 

every area where it seems that the grammar overgenerates, there 

are extragrammatical constraints that restrict the power of the 

theory in just the way that is needed. 

First, I showed why Phonological Pitch does not predict tone 

languages with a huge number of tone levels, even though the 

phonological feature [Pitch] is scalar with no intrinsic upper limit. 

Namely, the Perceptual Capacity Constraint, combined with the 

Subset Principle, makes languages with many tone levels difficult to 

learn. Strong evidence in support of this analysis came from the fact 

that the more tone levels a system has, the rarer that system is 

across the world's languages. This can be understood as coming from 

an increased difficulty in learning languages with increasing 

numbers of tone levels, but it is difficult to describe plausibly within 

the grammatical formalism itself. 

Second, I showed how the Contiguity Hypothesis follows from 

the Acoustic Similarity Constraint. The Contiguity Hypothesis serves 

to restrict the types of tone rules that are possible, as we saw in 

Chapter 2, which is another important constraint on the power of 

Phonological Pitch. Again, however, the grammatical system does not 

have to include it, since it appears to be derivable from 
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extralinguistic constraints on pitch perception like the Acoustic 

Similarity Constraint. 

Third, I showed that the overgeneration of contour tones by 

the grammatical formalism of Phonological Pitch can be constrained 

by a combination of all of the extragrammatical principles discussed 

above. This means that the most prominent method of constraining 

contour tones, namely the grammatical constraints proposed in Yip 

(1980), which depend on a binary feature system for tone, does not 

have to be used. In fact, as with the differences in number of tone 

levels across languages, the cross-linguistic patterns show that the 

constraints on contour tones should not come from the grammar, and 

in this chapter I have shown how extragrammatical constraints 

would work. 

Finally, I showed that tone-voicing interactions do not imply 

that the grammatical feature for tone must be a laryngeal feature. 

In particular, I showed that tone also interacts with nonlaryngeal 

features like vowel height. Thus it appears that these sorts of 

interactions should be ascribed ultimately to extragrammatical 

properties of articulation, though precisely how this should be 

formalized is controversial. 
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CHAPTER 4 

THE CONTIGUITY HYPOTHESIS: AGAINST UNIVERSAL BOUNDARIES 

4.1 Introduction 

The goal of this chapter is to provide empirical evidence in 

support of the Contiguity Hypothesis. This will also serve to argue 

against the existence of universal boundaries within the pitch 

domain. The Contiguity Hypothesis states that only sets of 

contiguous tones can form the classes used in phonological rules, and 

that any such set can be used in rules. Therefore, there cannot be a 

universal boundary or boundaries within the pitch domain that 

divide tones into universal groups (Le., natural classes). This claim 

contradicts theories that predict the existence of such boundaries. 

This means that the Contiguity Hypothesis is in fact in conflict with 

all previous tone theories, since as we saw in the literature review in 

Chapter 1, all previous tone theories use a set of binary features to 

describe the range of tones, rather than a single multi valued feature 

like that used in the theory of Phonological Pitch. In this chapter I 

will be particularly interested in comparing the predictions of the 

Contiguity Hypothesis with what I will call the Register Hypothesis, 

found in the theory of Yip (1980) and researchers who follow this 

theory. Consequently, proving that the Contiguity Hypothesis is right 

requires proving that the Register Hypothesis is false. Because the 

Register Hypothesis is so widely accepted in the tone literature, I am 
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forced in fact to spend quite a bit of time on refuting it in this 

chapter. 

Since the question at issue is whether there exists a universal 

boundary (or boundaries) that divides tones into universal groups, 

natural classes in tone rules provide the best empirical evidence for 

choosing between a theory with the Contiguity Hypothesis and a 

theory with the Register Hypothesis. The first half of this chapter, 

Section 4.2, will be devoted to empirical evidence that bears on the 

crucial, contradictory predictions of the two different approaches, 

drawing examples from four-level and five-level tone languages. It 

will be shown that classes predicted to be valid by the Contiguity 

Hypothesis but disallowed by the Register Hypothesis really do exist 

in tone rules. Moreover, natural classes predicted to be universal by 

the Register Hypothesis are proved instead to be selected on a 

language-by-Ianguage and rule-by-rule basis, a fact that strongly 

supports the Contiguity Hypothesis. 

In the second half of this chapter, Section 4.3, I will further 

argue against universal boundaries, primarily by considering each of 

the arguments that have been used to support the Register 

Hypothesis and showing why they are invalid. In particular, I will 

show that arguments based on tonal typology and historical tone 

splits either support the Contiguity Hypothesis better, or else turn 

out to be completely inconclusive when more facts are examined. 
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4.2 Classes in tone rules 

In this section I show how the Contiguity Hypothesis makes 

accurate predictions about the classes used in tone rules while the 

Register Hypothesis does not. First, I review the motivations for the 

Contiguity Hypothesis and describe what tone classes it predicts for 

four-level and five-level languages. Then I point out where its 

predictions differ from those of the Register Hypothesis. Finally, in 

the following subsections I examine empirical evidence showing that 

only the predictions of the Contiguity Hypothesis are upheld by the 

facts. 

Recall that in Phonological Pitch the values of [xP] are 

consecutive integers. Therefore, tone levels represented by [xP] form 

what might be called a contiguous set which can be interpreted as a 

single dimensional scale, as shown below. 



(1) The scale of [xP] 

[6P] 

[5P] 

[4P] 

[3P] 

[2P] 

[ IP] 
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In a scalar domain like this, there is no universal boundary (or 

boundaries) that cuts this domain into subdomains. Any boundary 

or boundaries we draw will be arbitrary and not organic to the 

theory. Therefore, Phonological Pitch predicts that there IS no 

absolute universal boundary or boundaries within the pitch domain, 

although the pitch domain can be cut into subdomains on a 

language-specific or rule-specific basis. If we assume that the 

groupings of tones in tone rules reflect the subdomains of the pitch 

scale, we can conclude that there are no universal natural classes in 

tone. 

In Phonological Pitch, the only constraint on the groupings of 

tones in tone rules is the Contiguity Hypothesis. The Contiguity 

Hypothesis, repeated below, states that tone rules always affect 
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individual tones or what I termed tone classes, that is, contiguous 

sets of tones. 

(2) The Contiguity Hypothesis (Chapter 2, figure (19)) 

Targets and triggers of tone rules are always individual tones 
or tone classes. 

For example, the tone classes in a four-tone system are [1-2P], 

[2-3P], [3-4P], [l-3P], and [2-4P], as shown in (3) below'! 

(3) Natural groupings of tone in a four-tone system 

[4Pl] 

[3P1

J 
[2P] ] 

[ IP] 

According to the Contiguity Hypothesis, then, all tone classes 

are eligible to be used as classes in tone rules. Different langu~ges 

may refer to different tone classes. In fact, even within the same 

language, different rules may refer to different tone classes. 

Formally, this is done simply by listing the particular tone class 

necessary as the Argument of the rule, or as part of the Target 

Conditions. 

1 [I -4P] is also a tone class, which I showed in Chapter 4 can be considered the 
equivalent in Phonological Pitch to the tonal node of other theories. 
Throughout this discussion, then, I leave this sort of tone class aside. 
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The Contiguity Hypothesis therefore conflicts with theories that 

require universal natural classes. Here I focus on the most 

prominent theories that conflict with the Contiguity Hypothesis, 

namely theories that make the Register Hypothesis. These theories 

claim that the tone range is universally divided into equal portions 

or registers (Yip 1980, 1989, Pulleyblank 1986, Hyman 1986, 1989, 

Shih 1986, Inkelas 1987, Kingston and Solnit 1988, Bao 1990, and 

Duanmu 1990).2 For example, in Yip's model, the pitch domain is 

divided into two registers by the register feature [upper], with the 

result that tones with higher frequencies are [+upper] and those with 

lower frequencies are [-upper]. Within each register the tones are 

then further differentiated with another feature (see below). The 

register feature creates a universal boundary in the pitch range and 

two universal groupings of tones, as illustrated with the heavy line in 

the figure below. 

(4) 

[4P] 

+Upper 
[3P] 

[2P] 
-Upper 

[ IP] 

This figure makes clear one difference between the predictions 

of the Contiguity Hypothesis and the predictions of the Register 

2 Clements (1983) and Snider (1990) use the term "register" in a rather 
different sense. Hence they are not included in this discussion. 
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Hypothesis. Since [2P] and [3P] are contiguous tones, the Contiguity 

Hypothesis allows them to form a tone class in tone rules. The 

Register Hypothesis, however, does not, since the tones fall into 

different registers, across the universal boundary. 

Another essential characteristic of the Register Hypothesis as it 

appears in Yip (1980) and other theories that follow this is that the 

two tones within each register are distinguished with the same 

feature, namely [raised] (using the terminology from Pulleyblank 

1986). Thus in the above figure, both [4P] and [2P] are [+raised] and 

both [3 P] and [1 P] are [ -raised]. Since these features are used to 

delineate natural classes of tones that can play a role in tone rules, 

the Register Hypothesis predicts that noncontiguous sets of tones can 

be used in tone rules, in direct contradiction to the Contiguity 

Hypothesis. 

These contradictory predictions of the two hypotheses about 

tone groups cannot be tested in languages with two tone levels 

because there is only one way of grouping the two tones. That is, in 

two-level languages tone rules can only refer to individual tones or 

to both tones together (with the tone class [1-2P]). In three-level 

tone languages, the tone classes permitted by the Contiguity 

Hypothesis are the same as those allowed by the Register Hypothesis, 

as shown below. 

(5) Tone classes in three-level tone languages 

a. The Contiguity Hypothesis 
[2-3P] (mid and high tones) 
[1-2P] (low and mid tones) 



b. The Register Hypothesis3 

[+upper] (mid and high tones) 
[-raised] (mid and low tones) 
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It is only when the number of tone levels is over three do 

these two hypotheses make different predictions about tone 

groupings in rules. Thus the Contiguity Hypothesis predicts that tone 

classes of four-level tone systems could be any of the following, and 

only these. 

(6) Tone classes in a four-level tone system (Contiguity Hypothesis) 

[1-2P] 
[2-3P] 
[3-4P] 
[1-3P] 
[2-4P] 

By contrast, the tone classes predicted by the Register are those 

shown below. 

(7) Universal natural classes in four-level languages predicted by the 
Register Hypothesis 

[+upper] i.e. [3-4P] 
[ -upper] i.e. [1-2P] 
[ +raised] i.e. [2&4P] (noncontiguous tones) 
[ -raised] i.e. [1&3P] (noncontiguous tones) 

*[2-3P] (ruled out) 
* [2-4P] (ruled out) 

3It is also logically possible to have tone classes specified as [+raised] (mid and 
high tones) and [-upper] (mid and low tones). Yip (1980) does allow both 
possibilities. However, this is ruled out by Pulleyblank (1986) because he 
claims that the universal default values for these two features are [+upper] and 
[-raised], respectively. In either case, the tone classes that result are the same. 
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Specifically, then, the Contiguity Hypothesis allows the tone 

grouping [2-3P] but disallows the tone groupings {[2P], [4P]} and 

{[IP], [3P]} , while the Register Hypothesis disallows [2-3P] but allows 

{[2P], [4P]} and {[IP], [3P]}. In 4.2.1, I show that there are four-level 

languages that use [2-3P] in tone rules, and that the examples Yip 

(1980) gives for noncontiguous sets like {[2P] , [4P]} and {[IP], [3P]} 

being used in tone rules are actually misanalyzed. 

The tone classes predicted by the Contiguity Hypothesis for 

five-level tones systems are listed below. This time it is not possible 

to contrast this directly with the Register Hypothesis, since theories 

with the Register Hypothesis also tend to assume that five-level 

languages are impossible. However, I will show in 4.2.2 that such 

languages do use tone classes in accordance with the Contiguity 

Hypothesis and in a way impossible to express if there were 

universal tone boundaries. 

(8) Tone classes in five-level tone systems 

[1-2P] 
[2-3P] 
[3-4P] 
[4-5P] 
[1-3P] 
[2-4P] 
[3-5P] 
[ 1-4P] 
[2-5P] 

As it happens, there is not a large amount of data that could 

potentially distinguish the Contiguity and Register Hypotheses, since 

there is a typological generalization whereby languages that use 
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many contrastive tone levels tend to use their tones only in lexical 

distinctions rather than in morphophonological patterns (Ratliff 

1992). That is, four- and five-level tone languages, which are 

already rare (see Chapter 3), also tend to have fewer tone rules than 

two- or three-level languages. As we will see, however, there is still 

sufficient evidence available to show that the predictions of the 

Contiguity Hypothesis are upheld while those of the Register 

Hypothesis are not. 

In this section, then, I have laid out precisely how the 

predictions of the Contiguity Hypothesis and the Register Hypothesis 

differ from each other in the case of classes used in tone rules. In 

the following two sections, I show how the data support the 

Contiguity Hypothesis, but not the Register Hypothesis. 

4.2.1 Tone classes in four-level tone languages 

In this section, I show that Nikki Bariba, a four-level tone 

language, uses [2-3P] in tone rules, which is consistent with the 

Contiguity Hypothesis but impossible for the Register Hypothesis. I 

then show that the examples that have been given in the literature 

for noncontiguous sets like {[2P] , [4P]} and {[IP], [3P]} being referred 

to in the four-level language Igede are not support for tone 

groupings at all, but rather for transposition rules. Thus in terms of 

both of the predictions noted above, the Contiguity Hypothesis is 

superior to the Register Hypothesis. 

Recall that in Nikki Bariba, discussed in Chapter 2, a mid and a 

high tone are raised to high and top, respectively, when preceding a 
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low tone. That is, both [2P] and [3P] are raised by one step when 

preceding [IP]. The Nikki Bariba Tone Raising Rule is repeated 

below. 

(9) Nikki Bariba Tone Raising Rule 

I. a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

II. Argument: 

Insertion 
Interval 
Right-to-Ieft 
Noniterative 

[2-3P] 

III. Target Conditions: a. 
b. 

_ [lP] 
i = I 

Thus Nikki Bariba provides evidence for [2-3P] forming one 

tone class in a phonological process in a four-level language. 

Specifically, it is used here as the Argument of the rule. 

By contrast, the Register Hypothesis predicts that [2P] and [3P] 

can never be grouped together as a class in a tone rule because they 

cannot be grouped together by either of the two tone features. In 

theories with the Register Hypothesis, [2P] and [3P] are represented 

completely orthogonally, since [2P] is [-upper, +raised], while [3P] is 

[+upper, -raised]. It is not possible for one rule to group just these 

two tones together. In other words, the Register Hypothesis 

incorrectly disallows the class [2-3], which is in fact used by rules in 

four-level tone systems. 

I now turn to the question of tone groupings that the Register 

Hypothesis predicts but which are disallowed by the Contiguity 
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Hypothesis. In four-tone systems, the features [upper] and [raised] 

predict that the: noncontiguous sets {[lP], [3P]} and {[2P], [4P]} should 

behave as groups in tone rules. Yip (1980), Clements (1983) and 

other researchers following these arguments claim that Igede use 

precisely these sets in tone rules. However, a closer examination of 

Igede shows that Igede does not provide such evidence. 

Igede has four tone levels: high, high-mid, low-mid, and low 

(Bergman 1971, Stahlke 1975, 1977). To be consistent with the 

labeling in other references, I will refer to them as top, high, mid, 

and low, respectively. These four tone levels are given in terms of 

Bergman's notation and in terms of Phonological Pitch as below. 

(10) The tones of Igede (notation of Bergman 1971) 

a [4P] 
a [3P] 
a [2P] 
a [lP] 

The tone alternations that will form the basis of this discussion 

are shown schematically below in Stahlke's (1977) summary of 

Bergman's (1971) data. There seem to be two arguments for 

noncontiguous tone classes. First, [2P] alternates with [4P], which 

could be taken to mean that {[2P] , [4P]} is a tone class. Specifically, 

the rule would change the value of [upper] from [-upper] to [+upper], 

while keeping [+raised] the same. Second, [IP] alternates with [2P], 

and [3P] alternates with [4P], which, if described with a single rule, 

would be evidence for the noncontiguous tone group {[IP], [3P]}. 
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Thus this rule would change [-raised] to [+raised], regardless of the 

value for [upper]. 

(11) Igede tone alternations in verbs (Stahlke 1977) 

<
[4P]) 

[3P] 

[2P]) 

[ lP] 

When we consider the original data from Bergman (1971), 

however, it becomes clear that neither of these arguments goes 

through. First, consider the data for the [2P]-[ 4P] alternations. 

According to Bergman (1971), a mid tone ([2P]) becomes a top tone 

[4P] when preceding "hyphen juncture" (i.e., morpheme juncture). 

(12) Igede [2P] --> [4P] Tone Alternation (Bergman 1971) 

a. Monosyllabic verbs 

do "to abuse" 
d:5-5 "to abuse him" 

ye "to turn" 
ye-5 "to turn it" 

ba "to follow" 
ba:-rii "to follow me" 



b. Disyllabic verbs 

bl,rL 
bl,ri-5 

mile 
mil~-5 

"to spoil" 
"to spoil it" 

"to swallow" 
"to swallow it" 
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There IS a fatal theoretical problem with taking this as 

evidence for {[2P] , [4P]} as a natural class. The problem is that two 

tones alternating with each other cannot be used as evidence for 

these two tones being grouped as a class in a rule, any more than a 

rule changing a consonant from [+voice] to [-voice] proves that 

{[ +voice], [-voice]} represents a natural class. Only when two (or 

more) tones are manipulated by a rule as one unit (Le., either as the 

Argument or as part of the Target Conditions) can they be evidence 

for a natural class. 

Instead, it appears more natural to consider this simply as a 

transposition rule where the interval value i=2. This is completely 

unproblematic for a multi valued feature like [Pitch]. This interval 

value can just be given In the Target Conditions, as shown in the 

parameterized version of the rule below. Notice that the 

morphological condition for the rule is indicated with the notation 

"] " - verb stem in the Target Conditions. 



(13) Igede [2P] Raising 

I. 

II. 

a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

Argument: 

Insertion 
Interval 
Right-to-Ieft 
Noniterative 

[2P] 

III. Target Conditions: a. - ]verb stem 
I 
(j 

b. i = 2 
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Now we turn to the [1P]-[2P] and [3P]-[4P] alternations. We 

will see that these must be treated as two separate rules. The reason 

is that unlike the [2P]-[ 4P] alternation, which occurs in both 

monosyllabic and disyllabic verbs, the [1P]-[2P] and [3P]-[4P] 

alternations are each restricted to different classes of verbs. The 

[1P]-[2P] alternation only occurs in monosyllabic verbs and the 

[3P]-[4P] alternation only occurs in disyllabic verbs.4 

Below I give examples showing the [3P]-[4P] alternation, which 

again occurs before a morpheme boundary. As Bergman (1971: 19) 

explicitly notes, this pattern only involves disyllabic verbs. 

4For completeness I should add that the Igede [2P] Raising Rule also behaves 
somewhat differently in monosyllabic and disyllabic verbs, namely, there are 
lexical exceptions among monosyllabic verbs but apparently not among 
disyllabic verbs. This may tell us something about the relation between 
exceptionality and number of syllables, but I don't think it tells us anything 
about this particular rule. 



(14) Igede [3P] --> [4P] Tone Alternation (Bergman 1971) 

kGSrcil 
kGSrGl -5 

mLls. 
m1.la-5 

"to cover" 
"to cover it" 

"to hit" 
"to hit it" 
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It is important to note that monosyllabic verbs can have any 

lexical tone. Thus it is not the case that there are no monosyllabic 

verbs showing the [3P]-[4P] alternation just because there are no [3P] 

monosyllabic verbs. The minimal set below shows that "stay" is a 

monosyllabic verb with a [3P] tone. 

(15) Igede tones (from Bergman 1971:16) 

5-hGS 18 "he has washed" 
5-h!i1 18 "he has stayed" 
5-hlil 18 "he has scattered" 
5-hcil 18 "it has flown" 

Thus the above pattern must be formalized in a way that 

restricts its application to disyllabic verbs, as seen in the Target 

Conditions of the parameterized rule below. Specifically, here we 

must specify the left bracket of the verb stem as well as the 

presence of a syllable (0"). 



(16) Igede [3P] Raising5 

I. a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

II. Argument: 

Insertion 
Interval 
Right-to-Ieft 
Noniterative 

[3P] 

III. Target Conditions: a. [ 0' _ ]verb stem 

I 

b. i = 1 
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By contrast, as noted by Bergman (1971:19), the [lP]-[2P] 

alternation, which again is triggered at the boundary of a verb stem, 

only occurs in monosyllabic verbs. Examples of this are given below. 

(17) Igede [IP] --> [2P] Tone Alternation (Bergman 1971) 

kpG) "to satisfy" 
kl!m..<) "to satisfy him" 

wa "to count" 
wa-a "to count them" 

gbe "to watch for" 
gbe-m "to watch for me" 

b'i "to tell" 
bi-hi "to tell us" 

5The restriction to disyllabic verbs is probably a prosodic constraint of some 
sort, but a complete discussion of the metrical structure of Igede would go far 
beyond the scope of this section. 
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Again, this restriction must be built into the rule, since there 

are in fact verbs longer than just one syllable that end in a vowel 

with [IP]. Some examples are shown below. Bergman (1971) states 

that forms like this do not undergo the pattern shown above. 

(18) Igede verbs longer than one syllable, ending in [IP] 
(Bergman 1971) 

gapcil "to sew cloth" 
p6om6t6 "to drive a vehicle" 
b8Ek~ "to chop a shout (to shout)" 
y:)kpl1~ "to see a female sheep" 

This restriction must be put into the rule. Below I give the 

parameterized version of this rule. The fact that the rule only 

applies in monosyllabic words is indicated by including the left 

morphological boundary of the verb stem in the Target Conditions. 

(19) Igede [IP] Raising 

I. a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

II. Argument: 

Insertion 
Interval 
Right-to-Ieft 
Noniterative 

[IP] 

III. Target Conditions: a. [- ]verb stem 
I 
(j 

b. i = I 
In other words, the three alternations shown in the summary 

of Stahlke (1975, 1977), which the analysis of Yip (1980) is based on, 
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are actually three separate rules, with slightly different conditions. 

None of them refers to a tone class, whether contiguous or not, but 

just to one tone each. Only the [2P] Raising rule is theoretically 

interesting for Phonological Pitch, because this rule shows evidence 

for transposition that shifts a tone more than just one level; that is, 

the tone interval involved is i=2. 

To summarize, then, the four-level tone languages I have 

examined in this section show that the tone classes which play a role 

in phonological processes are correctly predicted by the Contiguity 

Hypothesis but not by the Register Hypothesis. In particular, the 

tone class [2-3P] is found in Nikki Bariba, even though the Register 

Hypothesis does not allow it, while the tone groupings {[IP], [3P]} and 

{[2P], [4P]} , which the Contiguity Hypothesis does not allow, do not in 

fact exist in Igede, contrary to what has been claimed in the 

literature. 

4.2.2 Tone classes and five-level tone languages 

In this section I consider tone classes in five-level tone 

languages. Since theories that adopt the Register Hypothesis do not 

even allow such languages to exist, the issue here is not so much the 

benefits of the Contiguity Hypothesis over this other hypothesis. 

Instead, I will show that even in this relatively exotic type of system, 

the only tone classes found in rules are those that are allowed by the 

Contiguity Hypothesis. 
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Tone classes in five-level tone systems predicted by the 

Contiguity Hypothesis are the following. 

(20) Tone classes in five-level tone systems 

[1-2P] 
[2-3P] 
[3-4P] 
[ 4-5P] 
[1-3P] 
[2-4P] 
[3-5P] 
[1-4P] 
[2-5P] 

Since there are so few five-level tone languages, we should not 

expect to find examples for all of these. However, it turns out that 

one five-level tone language, Copala Trique, an Otomanguean 

language spoken in Oaxaca, Mexico (Hollenbach 1984), provides good 

evidence for two of these tone classes, namely [1-2P] and [3-5P]. 

According to Hollenbach (1984), the Copala dialect of Trique 

uses five contrastive tone levels.6 The tone inventory also includes 

two contour tones, as illustrated in the following examples. 

6 Another dialect of Trique, that of San Andres Chicahuaxtla, also has five 
phonemic pitch levels, as reported by Longacre (1952). 
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(21) Tone inventory in Copala Trique (Hollenbach 1984) (1 denotes 
the lowest tone and 5 the highest.)7 

ya 1 "one (in compounds like twenty-one)" 
ya2 "unmarried" 
Ctr2 "wise" 
Ctr3 "wood" 
ytl3 "palm fiber" 
y tl4 "earthquake" 
ya4 "corncob" 
ya5 "is sitting" 
Ctr5 "box" 
ne3 "plow" 
ne 31 "flesh" 
ne32 "knife" 

Unlike the other languages we have discussed so far, tone in 

this language is usually only used distinctively on the last syllable of 

a word, with tones on the other syllables being filled in by default. 

Hollenbach (1984: 108) describes the default tones of multisyllabic 

words in Copala Trique as follows: " ... nonfinal syllables have level 2 

before levels 1 or 2, and they have level 3 before levels 3, 4, or 5." 

That is, syllables preceding [lP] or [2P] surface as [2P], while 

syllables preceding [3P], [4P], or [5P] surface as [3P]. 

(22) Copala Trique Default Tones (after Hollenbach 1984: 108) 

a. Default tone is [2P] when preceding [1 P] and [2P] 

kanu[1P] --> ka[2P]nu[IP] 
kaka[2P] --> ka[2P]ka[2P] 
kara[13P] --> ka[2P]ra[13P] 

"will explode" 
"will burn" 
"will fill" 

7 According to Hollenbach, [4P] and [5P] surface with a rising on-glide. This is 
a common phonetic effect with extra-high tones (Maddiesson 1978a); see also 
discussion of Gaoba Dong in the next section. 
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b. Default tone is [3P] when preceding [3P], [4P], or [SP] 

kara[3P] --> ka[3P]ra[3P] "filled" 
kotO[4P] --> ko[3Plto[4P] "shirt" 
kace[5P] --> ka[3P]ce[5P] "walked" 
kanu[31P] --> ka[3P]nu[31P] "exploded" 
kaka[32P] --> ka[3P]ka[32P] "burned" 

Copala Trique default tone patterns can be described 

informally as below. 

(23) Copala Trique default tones 

a. 0 --> [2P]/ _ [1-2P] 
b. 0 --> [3P]/ _ [3-SP] 

It should be noted that these default rules do not involve 

underspecified tones in the same sense as discussed in Chapter 2. 

That is, there is no evidence that any of the tone values is 

systematically underspecified in the phonology, for example the way 

[2P] is systematically unspecified in the three-level tone languages 

investigated by Pulleyblank (1986). Thus the underlying tone 

inventory in Copala Trique seems to be {[lP], [2P], [3P], [4P], [SP]}. 

The default rules above are just part of the system that assigns these 

tone values to syllables, which also includes the rules, not discussed 

here, that make sure distinctive tones only end up on the last 

syllable in most words (see Hollenbach 1984 for further discussion). 

The default tone rule (23a) is formalized with parameters as 

follows. Notice that the tone class [1-2P] appears in the Target 

Conditions. 



(24) Cop ala Trique Default Tone Rule I 

I. a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

II. Argument: 

Insertion 
Feature 
Right-to-Ieft 
Noniterative 

[2P] 

III. Target Condition: _ [l-2P] 
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Similarly, the default tone rule (23b) is formalized as follows. 

Again, the tone class, this time [3-5P], appears in the Target 

Conditions. 

(25) Copala Trique Default Tone Rule II 

I. a. Operation: 
b. Type: 
c. Direction: 
d. Iterativity: 

II. Argument: 

Insertion 
Feature 
Righ t- to-left 
Noniterative 

[3P] 

III. Target Condition: _ [3-5P] 

In other words, the two tone classes used in Copala Trique are 

[3-5P] and [1-2P], both predicted by the Contiguity Hypothesis. This 

shows that even for five-level tone languages, the predictions of 

Phonological Pitch are upheld. 
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4.2.3 Summary 

In this section, I have presented evidence in support of the 

Contiguity Hypothesis by examining the tone classes in rules of 

languages that use four or five tone levels. I have shown that tone 

classes predicted by the Contiguity Hypothesis but disallowed by the 

Register Hypothesis do exist in natural languages, and that tone 

classes predicted by the Register Hypothesis but disallowed by the 

Contiguity Hypothesis are not attested. In the following section I 

discuss other arguments that have been given in support of the very 

widely accepted Register Hypothesis, showing that none of them hold 

up either. 

4.3 Against universal boundaries 

We have already seen in the above section that the Register 

Hypothesis is implausible with respect to capturing classes in tone 

rules. In this section, I must deal with the other arguments 

presented in the literature in favor of the Register Hypothesis. In 

particular, I show that Yip's (1980) typological and historical 

arguments for the concept of register are not valid. In addition, the 

data we uncover will be seen to be more consistent with the tenets of 

Phonological Pitch. 

4.3.1 Typological considerations 

The typological evidence that Yip (1980) uses to support the 

Register Hypothesis includes claims about the maximum number of 
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tone levels and about the maximum number of contour tones found 

in natural languages. We have dealt with these issues in detail in 

Chapter 3, so here I will merely review them. 

With respect to the maximum number of tone levels, Yip claims 

that there is no language in the world that uses more than four tone 

levels. Yip claims that this typological universal supports the 

Register Hypothesis because in the version of register found in Yip 

(1980) and researchers who follow this theory, register IS 

represented by one of the two binary tone features, thus predicting 

exactly 2 x 2 = 4 tone levels. 

With respect to the maximum number of contour tones, Yip 

claims that there are no languages in the world that have more than 

two falling or two rising tones. She claims that this claimed 

typological universal IS evidence for there being a boundary that 

cannot be crossed within a contour tone, namely, that defined by the 

registers. That is, the two (or more) tone levels that make up a 

contour tone have to be within the same register (i.e., they must 

share their value of [upper]), so that the only variation can be in the 

register-internal feature [raised]. Therefore, the only possible 

contour tones in a four-level tone system are [34P] and [43P] in the 

[+upper] register and [12P] and [21P] in the [-upper] register, as 

illustrated in (20) below. In a four-level tone language, contour 

tones that are made of cross-register tone levels, like [13P], [23P], 

[14P], [42P], [41P], and so on, are ruled out by the Register 

Hypothesis. 
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(26) Contour tones in Yip's model 

Falling Rising 
contour contour 

[4P] 

~ / +upper 
[3P] 

[2P] 

~ / -upper 
[ IP] 

Since both of these typological claims are empirical issues, I 

will bring data to bear on both and show that neither claim is valid. 

Regarding the typological claim about number of tone levels, it 

has already been noted repeatedly in this dissertation that there are 

several languages that have been reported to have five contrastive 

tone levels, as, for example, Black Miao (mentioned in Chapter 1) and 

Copala Trique (discussed in the last section of this chapter). 

Proponents of theories like Yip (1980) are aware of such languages, 

of course, but argue that at least one of the five tone levels is 

actually a contour tone, so that apparently five-level languages 

actually have fewer tone levels. 

I discuss this counterargument by examining data from Gaoba 

Dong, a Dong language in the Kam-Sui branch of the Sino-Tibetan 

family spoken in Guizhou province of China (reported by Shi, Shi and 

Liao 1987). Using both phonetic and phonological evidence, I show 

that this apparently five-level language does in fact have five tone 

levels. 
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According to Shi et al. (1987), Gaoba Dong has five level tones, 

three rising tones, and a falling tone. 

(27) Gaoba Dong tonal contrasts in the lexicon (Shi et al. 1987) 

ta55 "middle" 
ta44 "to pass" 
ta33 "mountain forest" 
ta22 "to build" 
tal 1 "to catch" 
ta45 "fish" 
ta24 "nail" 
ta l3 "male" 
ta31 "classifier" 

All five tone levels are used in lexical contrast, as shown by the 

minimal pairs above. Moreover, according to Shi et al. (1987: 341), 

"all of the five level tones behave quite similarly in terms of pitch. 

They have the same pitch shapes and very limited dynamic ranges." 

The pitches (in Hz) of the starting (S), middle (M), and ending (E) 

points of the five level tones are given in (28) below, cited from Shi 

et al. (1987: 342). The pitch difference between the starting and the 

ending points of each tone is also attached to the table under the 

column D (difference), where + indicates pitch increase and -

indicates pitch decrease. 
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(28) Pitches of the five level tones in Gaoba Dong (Shi et al. 1987) 

~ S M E D 

55 215 249 259 +44 

44 196 197 194 -2 

33 157 156 159 -2 

22 142 138 140 -2 

11 139 129 128 -11 

As can be seen from the above table, all level tones are very 

flat with respect to their pitch shapes, with the exception of the 

highest level tone (Tone 55), which has a pitch rise of 44 Hz. 

Since the tonal contrast exceeds the number four, one might 

suspect that the highest level tone is actually a rising tone instead of 

a level tone since it does have a relatively clear rising contour 

compared to other level tones. However, the phonetic evidence 

suggests that the highest level tone cannot be treated as a rising tone 

for the following reason. As noted by Shi et aI., most of the rising in 

the highest level tone takes place in the first half of the whole tone 

(34 Hz change). After the middle point, it is fairly level (10 Hz 

change). 

By comparison, the unambiguous rising tones in Gaoba Dong 

have very different characteristics. The pitch contours of the three 

rising tones are given in (29) below. 
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(29) Rising tones in Gaoba Dong (Shi et al. 1987) 

~ tone S M E D 

45 169 210 232 +63 

24 122 169 238 +116 

13 120 129 152 +32 

These three tones either tend to have a more drastic overall 

pitch rise (63 Hz in Tone 45 and 116 Hz in Tone 24), and/or the pitch 

rising mainly takes place in the second half of the tone (9 Hz in the 

first half and 23 Hz in the second half in Tone 13). By comparing the 

highest level tone, Tone 55, with the true rising tones, we see that 

Tone 55 does not share these phonetic properties of the rising tones 

and so should not be treated as a rising tone. 

As to the rising at the beginning of the highest level tone, Shi et 

al. (1987: 345) attribute this phenomenon to "the process of speech 

organs adjusting from natural phonation to the stable high 

frequency. " Since articulating this highest level tone requires 

reaching a very high frequency, this natural rising is most drastic In 

the highest tone. This phenomenon is parallel to the slight drop in 

pitch in the lowest level tone (Tone 11) where most of the falling 

takes place before the tone reaches the middle point. This slight fall 

at the beginning of the lowest tone can also be accounted for as 

speech organ adjustment while reaching the stable low frequency. 

This phenomenon has been observed in many languages. Maddieson 
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in his Universals of Tone (1978a) makes this point quite clearly, 

showing that extra-high tones tend to have a rising onglide and 

extra-low tones a falling onglide. 

In addition to this phonetic evidence that the five level tones in 

Gaoba Dong really are level, there is also phonological evidence. 

Suppose we were to say that the highest level tone were actually a 

rising tone. We would now have a four-level tone language, but 

unfortunately it would also have four rising tones, which is 

impossible according to Yip's claims about contours not crossing the 

register boundary. If we kept the highest tone as a level tone but 

made the lowest a falling tone, we would then have two falling tones 

but we would still have three rising tones, which is still impossible 

under Yip's system. In fact, any language that has more than eight 

contrastive tones is a problem for Yip's model since her model 

predicts eight (four level tones and four contour tones) as the 

maximum number of tones that one language could have (excluding 

complex contours like falling-rising and rising-falling). Therefore, 

Gaoba Dong, with its nine contrastive tones, is a serious problem for 

Yip's theory. 

Another response that proponents of the Register Hypothesis 

give when faced with the problem of five-level tone languages is to 

claim that such languages should not count since the only evidence 

seems to come from lexical contrasts, with little evidence from tonal 

alternations. This is not a legitimate response, since according to 

Pike's (1948) definition, tone languages are languages that use tone 
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meaningfully and distinctively. Therefore, lexical contrast should 

serve as the primary criterion in the domain of tone. 

It is true that five-level tone languages tend to lack the tonal 

alternations needed to prove conclusively that the level tones are in 

fact all phonologically level, but we have already encountered the 

explanation for this. As Ratliff (1992) observes based on a broad 

survey of tone languages, in tone languages with high number of 

tones (including both level and contour tones), tone tends to have a 

very strong lexical function, but very weak morphological function. 

In such languages, which she calls "type A" tone languages, typically, 

non-tonal resources for word-building are low: there is 
no derivational morphology, words are short, and there is 
a low number of possible syllables, as determined by the 
phonemic inventory and constraints on syllable structure. 
It follows that if tone is needed for this important job, it 
will not be easily obscured by tonal alternation processes. 
(p.137) 

By contrast, what she calls "type B" tone languages, which 

typically have very low number of tones, 

can do more with tone because they have rich internal 
resources for word-building: derivational morphology, 
longer words, a high number of segmental contrasts. 
Tone is not needed for lexical discrimination to as great 
an extent. (p.137) 

This tonal typology, which is based on the relation between the 

form and function of tone in tone languages, can explain why 

languages with a high number of tones tend to use tone primarily for 

lexical contrast rather than in tonal alternations. In short, it is not 

plausible to expect five-level tone languages to provide just the 
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evidence needed to prove they are truly five level languages. As we 

have seen in this section, evidence from lexical constraints, phonetics 

of pitch contours, and the number of different types of tones appear 

to be sufficient to demonstrate the existence of five-level tone 

languages. Hence the first typological argument for the Register 

Hypothesis from Yip (1980) does not hold. 

The second typological argument of Yip (1980) is based on the 

claim that there is no language that has more than two falling tones 

or two rising tones. This is the evidence for her claim that no 

contour tones can cross the register boundary, as discussed above. 

However, there are in fact languages with more than two falling or 

rising tones. This fact will refute Yip's claim that contour tones 

always stay within one register. Consequently, contour tone 

typology cannot be used as evidence for the existence of register 

boundary either. 

We have already seen that Gaoba Dong provides an example of 

more than two contour tones of one type, namely rising tones. 

Dananshan Miao (Zhongguo Kexuei Yuan 1962), Tonkinese 

Vietnamese (Barker 1966), Tepetotutla Chinantec (Westley 1971), 

Kienyang (Norman 1973) have also been reported to have three 

rising tones. 

In Gaoba Dong the three rising contour tones pose a particular 

problem, since there also appear to be five level tones. If we were to 

treat one of the three rising tones as a level tone, the total number of 

level tones would rise to six, that is, two more level tones than the 
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Register Hypothesis would allow. Once again, then, there is no 

evidence from the typology of contour tones that supports a 

universal boundary like register. 

By contrast, of course, the multivalued feature [Pitch] has no 

problems with either of these findings. Five-level languages are 

formally as simple as four-level languages, and there can be any 

number of contour tones within the grammatical system. The only 

constraints come from extragrammatical principles, as discussed in 

Chapter 3. 

In summary, in this section I have argued that the typological 

arguments for the Register Hypothesis are not valid. In the section 

to follow, I will prove that the historical arguments do not hold, 

either. 

4.3.2 Historical considerations 

Although Phonological Pitch is a theory of synchronic tone 

features, I must now briefly address some historical evidence used 

by Yip (1980) to argue for the Register Hypothesis. This is crucial 

not only because the historical arguments for the Register Hypothesis 

are so widely accepted, but also because if the analysis of Yip (1980) 

is right, then there is motivation for using laryngeal features for 

tone, in contradiction to Phonological Pitch. I will show, however, 

that the historical data are actually quite a bit more complex than is 

implied in much of the tone literature and does not in fact argue for 

the Register Hypothesis at all. I will not explain the mysterious tone 
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changes I will mention, which in any case have probably been made 

even more obscure by many unknown historical factors. Nor will I 

try to formalize any historical tone changes as synchronic 

phonological rules. My point is simply that Yip's historical arguments 

for the concept of register do not hold. 

Yip's historical arguments for register are mainly based on tone 

splits. A tone split is a historical tone change where a tone splits into 

different variants and the tone inventory is thus increased. Tone 

splits have occurred in many languages in Asia, for example, 

Vietnamese and most Chinese dialects (see references below). The 

most common cause of a tone split is the de voicing of the onset 

consonant of the syllable carrying the tone. That is, after devoicing, a 

syllable that originally had a voiced initial consonant takes on a tone 

that normally is lower in pitch than the tone of a syllable with an 

original voiceless initial (but see Kingston and Solnit 1988 for 

counterexamples, to be discussed below). 

Yip uses Cantonese, given in (31) below, as an example where 

the original four tones of Middle Chinese, which are labelled I, II, III, 

IV, split into eight tones (with one of them further splitting into 

another two tones). Tones in the same column are derived 

historically from the same tone in Middle Chinese. That is, they are 

the two modern variants of the original tone. 



(30) Cantonese tone inventory (after Yip 1980: 212)8 

I 
orig. [-vcd] initial 53/55 

orig. [+vcd] initial 21 

II 
35 

24 

III IV 
44 5 

4 

33 3 
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Note that in this example both variants of one tone have the 

same shape (falling, rising, level) after tone split. For example, the 

originally voiceless-initial variant of Tone II is a rising and the 

originally voiced-initial variant of Tone II is also a rising tone. Also 

note that tones with an originally voiceless initial are higher in pitch 

than their voiced counterparts. These two observations Yip (1980) 

combines in the claim that the two-way tone split conditioned by 

voicing of the initial consonant can be captured by adding the feature 

Register ([upper]) to the original contrast. 

Thus according to Yip (1980), tone split in Cantonese would be 

accounted for as follows, using Tone II as an example. The original 

tone has only one tone feature [raised] and is represented as 

[-raisedH +raised] because it is a rising tone. Tone split then adds a 

8Tones with two digits are long tones, while tones with one digit are short 
ton e s . The further split of the short tone in the upper register will be 
discussed later. In the literature of Chinese linguistics, long tone refers to 
tones that are linked up with either open syllables or syllables ending with a 
sonorant consonant, while short tone refers to tones that are linked up with 
checked syllables, i.e., syllables ending with an obstruent. As usual, tones are 
given in Chao's (1930) tone letter system. 53/55 represents a free variation. 



193 

second tone feature [upper] to it, thus resulting in two variants, each 

of which shares a single value of [upper]. The [+upper] variant is a 

high rising tone, while the [-upper] variant is a low rising tone. 

(31) Tone II split in Cantonese (after Yip 1980) 

Original tone 

Rising tone 
[- high][+ high] 

Tone split 

~ [+upperJ -> high rising 

[-upper] -> low rising 

Yip (1980: 212) considers this historical analysis as an 

empirical benefit of the Register Hypothesis: " ... this is exactly what 

can be stated very simply given a register system: the feature 

[± Upper] is now being used for tones in addition to the original 

[±High]." 

Notice also that this analysis seems to motivate using 

articulatory features for tone. That is, it seems that [upper] is a tone 

feature with some intrinsic connection to voicing, and so perhaps 

[upper] and [voice] should be represented with precisely the same 

features (as Bao 1990 has in fact explicitly argued). As discussed in 

Chapter 3, however, tone-voicing interactions should not be handled 

by using laryngeal features for tone for two reasons. First, the 

physiology of the larynx shows that it should be treated as a single 

complex articulator that can both articulate properties such as 

voicing and also aim for acoustic targets in pitch. It is not possible to 

single out the specific muscles and movements used in articulating 

specific tones, since these can vary depending on many factors, and 
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In any case they are not identical to the muscles and movements 

used in voicing. Second, we saw that in some languages tone also 

interacts with nonlaryngeal features like vowel height in a way that 

is formally identical to tone-voicing interactions. Since there is no 

plausible way to represent tone and vowel height with a single set of 

features, this means that some other theory is necessary to deal with 

such interactions (see Tsay (in preparation) for discussion). Once we 

have such a theory, however, it can also work just as well to deal 

with tone-voicing interactions. In this section I will give further 

evidence that tone need not be represented with laryngeal features, 

since we will see that the description of tone splits assumed by Yip 

(1980) and many subsequent researchers is incorrect. 

To summarize, then, the historical argument for the Register 

Hypothesis includes the following predictions: (i) tone splits should 

leave the shape of "contours essentially unchanged" (Yip 1980:211) 

since the process of tone split only adds the register feature [±u pper] 

to the original tone; (ii) the originally voiceless-initial tone variant is 

always higher in pitch than the originally voiced-initial tone variant 

because the former is [+upper] and the latter is [-upper]; (iii) tone 

splits are always two-way splits because [upper] is a binary feature. 

None of these three predictions holds true. 

First, contradicting the claim that tone split affects only the 

register without affecting contour shape, many languages do show 

changes in contour, so that the two variants after a tone split have 

different shapes. An example is Chaozhou (Beijing University 1962, 
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Cheng & Wang 1977), where the originally voiceless-initial tone 

variant of Middle Chinese Tone II is 52, a falling tone, and the 

originally voiced-initial tone variant is 35, a rising tone. In the same 

language, the originally voiceless-initial tone variant of Middle 

Chinese III tone is 12, a rIsmg tone, and the originally voiced-initial 

tone variant is 11, a level tone. 

(32) Chaozhou tone inventory (after Beijing University 1962) 

I I I III IV 
orig. [-vcd] initial 33 52 12 1 

orig. [+vcd] initial 55 35 11 5 

This example shows that it is false that contour tones stay 

within the same register and that tone split affects register but not 

the contour. 

Secondly, the same example can be used to falsify the 

predictiOn that the originally voiceless-initial tone variant is always 

higher in pitch than the originally voiced-initial tone variant. As 

shown m (32) above, the originally voiceless-initial tone variant of 

Tone I is lower in pitch than the originally voiced-initial tone variant. 

The same is true with Tone IV. In other words, after the tone split, 

the tones In syllables with an originally voiceless initial are not 

always in the upper register as claimed in Yip (1980), nor are tones 

in syllables with an originally voiced initial always in the lower 

register. As a matter of fact, this voiced-high/voiceless-Iow pattern 

is not all that uncommon. Kingston and Solnit (1988:27) point out 
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that in the Southwestern Tai languages, "voiced-high developments 

occur in all or nearly all the proto tones in most of the subgroups." 

The following table is from Kingston and Solnit (1988), based on data 

from Brown (1965/1985, 1975), Li (1977), and Rischel (1985, 1986). 

(33) Percentage of tones showing voiced-high developments in 
Southwestern Tai subgroups (Kingston and Solnit 1988, p. 28)9 

Subgroup Percentage Voiced-High 

a. 

b. 

c. 

d. 

e. 

f. 

Shan 

Northern Thai 

Phuan 

Central Thai 

Phu Thai 

Southern Thai 

100% 

79% 

67% 

67% 

83% 

0% 

g. Lao 

i. Luang Prabang 33% 

ii. Vientiane 81 % 

iii. Yo 93% 

Total 67% 

Just to drive this point home, I should add that many Chinese 

dialects also show this voiced-high/voiceless-Iow correlation. The 

following is a list of examples from Chinese dialects showing a lower 

91 am very grateful to John Kingston and David Solnit for letting me use data 
from their unpublished 1988 manuscript. 
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originally voiceless-initial tone variant and a higher originally 

voiced-initial tone variant of the Middle Chinese Tone I. 

(34) Tone I variants in Chinese dialects (Beijing 
University 1962. MC = Middle Chinese) 

Dialect MC voiceless onset MC voiced onset 

Tianjin 1 1 55 
Jinan 213 42 
Xian 21 24 
Yangzhou 3 1 34 
Chaozhou 33 55 
Fuzhou 44 52 

Historical linguists disagree on how this sort of pattern arises 

(see Kingston and Solnit 1988 for discussion). Presumably the 

explanation has something to do with the fact that whatever pattern 

is observed synchronically must have gone through several changes 

that are now lost to history. In short, contrary to the implication in 

some of the tone literature, it is very hard to make firm conclusions 

about synchronic proposals like the Register Hypothesis from 

historical evidence. 

Unsurprisingly, then, the third historical prediction of the 

Register Hypothesis, that tone splits are always two-way splits, is 

also false. Although they are not as common as two-way splits, there 

are cases which show three-way splits (Haudricourt 1972, Matisoff 

1973a, Maddieson 1974, Kingston and Solnit 1988). For example, 

Y ongchiang Kam, a Kam-Sui language (Haudricourt 1972), has the 

following three-way tone split. The originally voiceless and 
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glottalized initials induced the high tone variant, the originally 

aspirated initials induced the mid variant, and the originally voiced 

initials induced the low variant. 

(35) Yongchiang Kam three-way splits (Kingston and Solnit 1988) 10 

High: p, *?b > m, *?m > m 

Mid: ph, *hm > m 

Low: *b > p, m 

A B C 

55 53 323 

35 453 13 

212 33 31 

One may object that these three-way splits are actually 

consistent with some version of the Register Hypothesis, since the 

laryngeal features are all different. Perhaps the features for tone 

also include features for aspiration and other laryngeal properties, 

not just for voicing. However, as with two-way splits, the categories 

in three-way splits are not universally defined. That is, languages 

with three-way tone splits show great diversity as to what type of 

consonants induces which of the three variants (Kingston and Solnit 

1988). 

The most common case is a contrast of voiceless vs. aspirated 

vs. voiced, as happened in Cantonese after the tone split discussed 

above, but other languages show quite different patterns. This can 

be illustrated with three cases discussed by Haudricourt (1972). In 

Yungchiang Kam, mentioned above, both voiceless obstruents and 

glottalized consonants induced the high tone variant, while aspirated 

consonants induced the mid tone variant and voiced obstruents 

10The mark "*,, indicates the proto form. A notation like *x > y denotes a 
historical sound change. 
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induced the low tone variant. By contrast, in Nakhorn Sithammarat 

Thai, the effects of the first two groups of consonants are switched, 

so that aspirated consonants induced the high tone variant, while 

glottalized and voiceless consonants induced the mid variant. Finally, 

Chiang Mai Thai underwent a three-way split with a contrast of 

voiceless/aspirated vs. glottalized vs. voiced. 

We may conclude, then, that both two-way tone splits and 

three-way tone splits are attested, and that there is no universal 

connection between particular laryngeal properties and particular 

tones. Hence none of the three predictions made by the historical 

arguments for the Register Hypothesis are correct. 

It is of course undeniable that there is some sort of correlation 

between tone splits and laryngeal features. It is also true that there 

are tendencies to prefer a certain kind of tone split over others, so 

that, for example, two-way tone splits are more common than 

three-way tone splits. While these tendencies are not universal, 

removing evidence for the use of a single set of features for tone and 

laryngeal properties, the connection must still be explained. 

Following my comments in Chapter 3, I suggest that similarities 

between the articulation of [Pitch] and [voice], [aspiration], and so 

forth are what give rise to these sorts of interactions. There is no 

reason to revise the grammatical system so that these interactions 

are formally required. After all, as I noted above, tone also interacts 

with nonlaryngeal features, a fact that has a simple articulatory 
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explanation but need not have any implications for the grammatical 

model of tone. 

In short, like the typological arguments, the historical 

arguments for the Register Hypothesis neither support the Register 

Hypothesis nor, more generally, a set of laryngeal features for tone. 

4.4 Conclusion 

In this chapter, I have argued for the Contiguity Hypothesis 

over the Register Hypothesis. Arguments were drawn from classes 

in tone rules, tonal typology, and the diachronic phenomenon of tone 

splits. 

First, tone classes found in tone rules are completely consistent 

with the predictions of the Contiguity Hypothesis, always being 

contiguous sets of tones, even if such a set crosses a proposed 

register boundary. Secondly, tonal typology does not support claims 

about the maximum number of tone levels or about the number and 

types of contour tones found in tone languages. Third, the historical 

arguments for register and for laryngeal tone features do not hold up 

when the all the complexities of historical tone changes are 

recognized. 
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CHAPTERS 

TAnNANESETONESANDHIASTRANSPOSITION 

5.1 Introduction 1 

In this chapter, I analyze tone sandhi in Taiwanese, an Amoy 

dialect of the South Min family of Chinese spoken in Taiwan, using 

Phonological Pitch. I show that, by using the n-ary tone feature 

proposed in Phonological Pitch, the heart of Taiwanese Tone Sandhi 

becomes a very simple raising process that can be formalized as a 

transpositional rule. As with all case studies, of course, there are 

additional complexities that must be dealt with. I show, however, 

that these can receive a simpler analysis than has been given to 

them in the literature by the use of a few independently motivated 

devices, in particular Peng's (1992) theory of tone-voicing 

interactions and Hayes's (1990) concept of precompiled phrasal 

phonology. Together these will show that in contrast to the 

impression sometimes given in the literature, Taiwanese Tone Sandhi 

is a relatively natural process, not different from many other rules 

found in other languages. 

I begin by first describing the pattern in Section 5.2, explaining 

why it seems to be so difficult to account for elegantly. Then in 

Section 5.3 I address the question of tone-voicing interactions, which 

1 The analysis in this chapter is based on, but supersedes, that of Tsay (1991). I 
have benefited a lot from discussions with James Myers on many topics in this 
chapter, especially rule ordering and precompiled phrasal phonology. 
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will allow us to simplify the pattern somewhat. In Section 5.4 I show 

that one of these simplifications is that we can now understand 

Taiwanese Tone Sandhi as fundamentally a tone raising process 

triggered at the boundary of a phonological phrase, a common 

phenomenon across the world's languages. In Section 5.5 I deal with 

the remaining aspects of the process that do not appear to involve 

tone raising, showing they can be accounted for when we recognize 

Taiwanese Tone Sandhi as a precompiled lexical rule (in the sense of 

Hayes 1990) that is structure-preserving. In Section 5.6 I contrast 

my new analysis with others found in the literature to show that 

Phonological Pitch truly does provide a better account of Taiwanese 

Tone Sandhi. Finally, I summarize my arguments in Section 5.7. 

5.2 Taiwanese Tone Sandhi 

The phenomenon of tone alternation in Taiwanese (see Wang 

1967, R. L. Cheng 1968, 1973, Yip 1980, Hashimoto 1982, Wright 

1983, Shih 1986, Chen 1987, Bao 1990, Duanmu 1990, Hsiao 1990, 

among others) is that every morpheme (mostly monosyllabic) has 

two alternating tones, one showing up in prejuncture environments 

(including in citation), the other showing up elsewhere (i.e., context 

environment). The definition for the prejuncture position involves 

syntactic and/or rhythmic factors which are not at issue here, but we 

can assume that the domain of Taiwanese Tone Sandhi is the 

phonological phrase; see for example Chen (1987) and Hsiao (1990) 

for detailed discussions. This alternation can be schematized as in 
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(1), where T stands for the prejuncture tone, t for the context tone, 

and # for the juncture. 

(1) Prejuncture/context tone alternation in Taiwanese 

tttT# ttttT# ... 

There are seven surface tones in the prejuncture position in 

Taiwanese, traditionally labeled Tone I through Tone VII. Yip (1980) 

and Tsay (1989) have shown that the last two tones, Tone VI and 

Tone VII, are derived from Tones IV and V, respectively. In 

particular, Tsay (1989) argues that the long tones IV and V are 

represented by having the tone values linked to two moras, while 

short tones VI and VII are represented with a single tone feature on 

just one mora. 

Briefly, there are two arguments for this proposal (see Tsay 

1989 for complete discussion). First, with respect to distribution, the 

two short tones, Tone VI and Tone VII, only appear with syllables 

ending in obstruents, while the long tones never appear with 

syllables ending in obstruents. Furthermore, the short tones, Tone 

VI and Tone VII, have the same alternation patterns as the long 

tones, Tone IV and Tone V, respectively. For example, [pe?] with 

Tone VI, meaning "eight", has the same tone as Tone IV in the 

context position. The word [pe?] with Tone VII, meaning "while", 

has the same tone as Tone V in the context position. Notice that the 

context tone that results is long, implying that the tone features have 
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spread to the second mora when the glottal stop is deleted in 

context.2 

(2) Compensatory Lengthening and Short/Long Tone Alternation 
(Tsay 1989) 

(VII) (I) (V) (I) 
a. 12e? 4 + sa- 55 12e: 11 sa 55 

"white" "clothes" "white clothes" 

(VI) (I) (IV) (I) 
b. 12e? 2 + tiu 55 12e: 53 tiu 55 

"eight" "piece" "eight pieces (of paper)" 

This observation has two consequences for the analysis in this 

chapter. First, we do not need to discuss the short tones Tone VI and 

Tone VII, since the analysis of them will be the same as for Tone IV 

and Tone VI, respectively. Second, it seems that in Taiwanese, we 

should analyze contour tones with each tone value on a separate 

mora, as illustrated below. This explains why long tones may be 

phonological contours while short tones are never phonological 

contours. Later we will see another benefit of this fact for 

understanding Taiwanese tone sandhi. 

2The digit numbers follow Chao (1930) introduced in Chapter 1 where 5 denotes 
the highest pitch and 1 the lowest. Tone features cannot appear on voiceless 
stops because the articulatory correlates of tone and glottalization are 
incompatible. I will discuss the physical motivations for the interaction 
between tone and other features later in this chapter. 



(3) The 

a. 

b. 

representation 

Level tones 

J.L 1.1. 

I I 
[aP] [bP] 

Contour tones 

J.L 1.1. 

\ I 
[aP] 
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of long tones In Taiwanese 

The phonetic values of these tones vary among studies and 

subdialects (see Weingartner 1970 and Lin 1988 for overviews of 

earlier studies). Below I give a chart showing some of the variation 

in phonetic values earlier researchers have given to the five long 

tones in Taiwanese, showing while there is disagreement on the 

absolute values of the tones, the relative differences are clear. Thus 

Tone I seems to be a high level tone, Tone II a rising tone, Tone III a 

falling tone, Tone IV a low level tone, and Tone V a mid level tone. 

(4) The five long tones in Taiwanese 

Tone I II III IV V 

Tong et al. 1967 44 24 53 1 1 33 
Ting 1970 44 24 53 1 1 33 
R.L. Cheng 1973 55 13 53 21 33 
Chen 1987 44 24 53 21 22 
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In terms of Phonological Pitch, then, the five long tones in 

Taiwanese should be represented as follows} 

(S) Tone inventory in Taiwanese 
(phonetic realizations of prejuncture tones from Chen 1987)4 

I I I III IV V 
Prejuncture [3P] [13P] [31P] [lP] [2P] 
Context [2P] [2P] [3P] [31P] [lP] 
Example si si si si si 
Gloss poem time dead four temple 
Phonetic 
realization 44 24 S3 21 22 
of 
prejuncture 

Examples are given below, where the prejuncture (specifically, 

in these examples, citation) forms are given In the left hand column 

and the same words in compounds/phrases (i.e., in context) are given 

in the right hand column. 

3In Tsay (1991) I assumed that the mid tone was the default tone. However, this 
obscures the fundamental nature of Taiwanese Tone Sandhi as a ralsmg 
process, and in addition this assumption is not independently motivated. 
Examples are given by this author who is a native speaker of Taiwanese unless 
otherwise noted. 
4The small drop in the phonetic realization of Tone IV is very common in low 
tones cross-linguistically, and I assume it has no phonological significance 
(see e.g., Maddieson 1978a and the discussion in Section 4.3. above). 



(6) Examples 

a. 

b. 

c. 

d. 

e. 

Prejuncture 

si[3P] 
"poem" 

si[13P] 
"time" 

si[31P] 
"dead" 

si[1P] 
"four" 

si[2P] 

"temple" 

Context 

si[2P] - bun[13P] 
poem-essay 
"Ii tera ture " 

si[2P] - kan[3P] 
time-span 
"time" 

si[3P] - laIJ [13P] 
dead-people 
"dead people" 

si[31P] - pun[31P] 
four-volume [classifier] 
"four volumes (of books)" 

si[1 P] - tsiIJ [1 P] 
temple-monk 
"monk" 
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The interesting properties of Taiwanese Tone Sandhi can be 

seen if all the alternating tones are connected by lines, as in the 

figure below. This shows what is known as the South Min Tone 

Circle, based on the figures in Bodman (1955) and Chen (1987) 

(representing the tones with Phonological Pitch and leaving the 

direction of the alternations to a later section, which is why there are 

no arrowheads on the lines in the diagram). 
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(7) South Min Tone Circle 

This figure illustrates two characteristics of Taiwanese Tone 

Sandhi that seem to pose great difficulties for tone theory. First, five 

different alternations form a neat pattern, suggesting that there 

should be a single process at the heart of it. In fact, it will turn out 

that the Circle must be seen as a single process. At the same time, 

however, the circle has an extra branch at the mid tone [2P]; both 

prejuncture tones [I3P] and [3P] alternate with the context tone [2P]. 

In the following sections I show how both of these characteristics can 

be understood within Phonological Pitch. 

5.3 Tone-voicing interactions 

The first problem to be dealt with is the extra branch seen in 

the South Min Tone Circle. The crucial insight is that the tones [13P] 

and [3P] can be collapsed into one, thus removing the extra branch 

and revealing Taiwanese Tone Sandhi as a single circle of 

alternations. The factor that allows this collapse is the interaction 

between tone and voicing, discussed above in Chapter 3. Namely, I 
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show that the [13P] is not underlyingly distinct from [3P], but instead 

occurs in syllables with underlying voicing (specifically, spontaneous 

voicing; see below) followed by a vowel with a [3P] tone. 

In order to understand this, I must first explain a little about 

the distribution of voicing in Taiwanese. Below I give the consonant 

and vowel inventories of Taiwanese. 

(8) Consonant Inventory of Tai wanese5 

Labial 
Dental 
Al veo-palatal 
Velar 
Glottal 

nonaspirated 
p 
t 
ts 
k 

? h 

aspirated 
p' 
t' 
ts' s 
k' 

(9) Vowel Inventory of Taiwanese 

Oral vowels 

i 
e 

a 

u 
o 
:) 

Nasal vowels 

1 
e 

a 

m/b 
nil 

DIg 

As can be seen, most consonants in Taiwanese are voiceless. 

The only underlyingly voiced consonants are the consonants in the 

rightmost column. These phonemes surface as the nasals [m], [n] and 

[D] only before underlyingly nasalized vowels and in coda position; 

before nonnasal vowels, they surface as the nonnasal obstruents [b], 

[1] ([dz] or [z] for some speakers) and [g], respectively. This is 

5 ['J marks aspiration. Itsl, Its'l. lsi are palatalized before Iii. 
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illustrated by the following examples.6 (For a complete list of all 

existing syllables and examples, see Yang 1982.) 

(10) Allophones of voiced consonants in Taiwanese 

a. Labial 

[mI2P] "noodles" 

[bi2P] "smell, taste" 

[kim2P] "aunt (mother's brother's wife)" 

b. Alveolar 

[nT13P] "year" 

[Ii 13P] "separate" 

[sin13P] "god" 

c. Velar 

[IJe2P] "hard" 

[ge2P] "art" 

[tsiIJ2P] "quiet" 

The fact that nasals and voiced obstruents are in 

complementary distribution implies that even the surface voiced 

obstruents are not truly marked with the laryngeal feature [+voice], 

but rather with the sonority-marking node of Spontaneous Voicing 

(SV) argued for by Rice (1993). According to the evidence in Rice 

(1993), this node replaces the feature [sonorant] and is independent 

6 Strangely, even though these phones are in perfect complementary 
distribution, native speakers have a strong intuition that they belong to 
separate categories; this author shares this intuition with Tong (1958), Ting 
(1970), Yang (1982), and Zhang (1983), to name just a few. This may have 
interesting consequences for fundamental assumptions in the theory of 
allophonic variation, but it is not crucial here. 
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of laryngeal voicing. The SV node dominates the privative features 

of Lateral and Nasal, though Nasal is only undedyingly present when 

it is used distinctively. 

geometry is given below. 

The relevant portion of Rice's feature 

(11) Spontaneous Voicing (based on Rice 1993, p. 313)7 

Root 

~ 
Laryngeal SV 

I ~ 
[voice] Lateral (Nasal) 

The representation of the phonemes that alternate between 

nasal and nonnasal would then be given as follows, essentially 

identical to the representation in Rice (1993) of the alternating 

imperfective and perfective suffixes [be] and [mil in Bearlake Slave. 

Note that the segment transcribed as Ibl is not in fact [+voice], but 

instead has a SV node. The phoneme Ipl is given for comparison; its 

representation does not contain the SV node at all. 

7Rice (1993) assumes that vOlcmg is privitive, and so replaces the binary 
feature [voice] with the monovalent feature Voice. Peng (1991) and others 
show, however, that [-voice] must be used by some rules, and so I will use the 
feature [voice] here. In fact, a specification of [-voice] is necessary in 
Taiwanese. 
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(12) Sample representations8 

a. The representation of [bi2P] "smell, taste" 

jJ. 

/1 
Root Root 

I I 
sv SV 

b. The representation of [mi2P] "noodles" 

jJ. 

/1 
Root Root 

I I 
sv sv 

I 
Nasal 

c. The representation of [pi2P] "braid" 

J1. 

/1 
Root Root 
/ I 

Laryngeal SV 

I I 
[-voice] Nasal 

8 I follow Peng (1992) in linking the onset consonant to the first mora. This 
will have theoretical consequences later on. Other features are suppressed for 
clarity. 
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d. The representation of [pi2P] "prepare" 

jJ. 

/1 
Root Root 

Lary{geal I 
/ SV 

[-voice] 

The appearance of a nasalized allophone before a nasal vowel 

can then be understood as the leftward spreading of Nasal onto the 

SV node of the onset consonant. Obstruents like Ipl do not have an 

SV node and so cannot become nasalized. 

(13) Nasal Spreading Rule9 

jJ. 

~I 
Root Root 

I I 
SV SV , I 

Nasal 

In short, then, in spite of first appearances, Taiwanese does not 

have any underlyingly voiced consonants at all; consonants are either 

voiceless or are sonorant and so marked with SV. There are two 

ways this could be handled. One would be to simply not include 

[voice] as part of the feature inventory of Taiwanese. The other way, 

9This rule is identical to the rule in Bearlake Slave (Rice 1993, p. 324). 
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which is what I will argue here, is to mark voiceless obstruents with 

[-voice]. The presence of [-voice] would block the linking of SV 

according to the constraint given below. This constraint is physically 

grounded in the sense of Archangeli and Pulleyblank (in press) 

because the gestures required for voicelessness disfavor spontaneous 

voicing (see references in Section 3.4 on pitch production). 

( 14) Consonant Voicing Constraint 

* Root 

~ 
Laryngeal SV 

I 
[-voice] 

The SV node can still be used contrastively, however. I argue 

later that there are contrasting forms like those shown below, where 

one /pa/ contains a floating SV node and the other /pa/ does not. 

This SV cannot link to the onset consonant because of the presence of 

[-voice]. I will show that this difference has important phonological 

consequences. Thus in a sense there are three kinds of syllables 

with consonant onsets, namely those with a linked [-voice], those 

with a linked SV node, and those with a linked [-voice] and a floating 

SV node. 



(15) a. /pal with underlying SV 

jJ. 

/1 
Root Root 

Laryn~l I 
I sv sv 

[-voice] 

b. /pal without underlying SV 

jJ. 

/1 
Root Root 

Larytgeal I 
I sv 

[-voice] 
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With this as background, we can now turn to the question of 

collapsing Tones I and II. We have already seen that both of these 

tones share the same context form, namely [2P]. Now we can 

observe a pattern in their prejuncture forms as well. Specifically, 

while the prejuncture tone [13P] (Tone II) shows up in syllables with 

any onset, the prejuncture tone [3P] (Tone I) only shows up in 

syllables with voiceless obstruents. This pattern is illustrated below, 

along with another gap under [IP] that will be addressed later. 



( 16) The distribution of tones with respect to onset voicing 
(X represents a legal syllable) 

prejuncture [3P] [13P] [31P] [lP] [2P] 
tone 
voiceless 
onset X X X X X 

sonorant 
onset X X X 

Below I give some examples illustrating this pattern. 

(17) Tones and onset voicing 

Prejuncture 
tone 

[3P] 

[13P] 

voiceless onset 

pa "father" 
to "knife" 

sonorant onset 

* 
* 

me "night" 
lai "come" 
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pe "crawl" 
tai "bury" 
k:::> "paste" D5 "pretty; girl's name" 

[31P] 

[IP] 

[2P] 

pa "full" 
ke "fake" 

pa "occupy" 
tua "live" 

tua "chopsticks" 
ke "low" 

rna "grandma" 
Da "graceful" 

* 
* 

lua "rely" 
De "hard" 

This suggests that there is a cooccurrence constraint between 

the tone [3P] and Spontaneous Voicing. If we adopt the approach of 

Peng (1992) to tone-voicing interactions, we can see this as a 
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constraint blocking the ·appearance of SV and [3P] on the same mora 

(assuming with Peng 1992 that the onset consonant is linked to the 

first mora). As with the Consonant Voicing Constraint, we have to be 

specific about the geometry so that we do not rule out the 

combination of SV and [3P] on the same vowel. This would 

incorrectly predict that [3P] is an impossible tone for every vowel in 

the language. 

(18) High Tone-SV Constraint (all levels of the derivation) 1 ° 
* [3P] 

I 

Il 
/ \ 

Root Root 
I 

SV 

As with the constraints in Peng (1992), this constraint is 

presumably physically grounded, in the sense of Archangeli and 

Pulleyblank (in press). That is, the articulation of Spontaneous 

Voicing involves such a large flow of air through the larynx that the 

vocal cords vibrate passively by the Bernoulli effect (see references 

in Chapter 3 on speech production, e.g., Zemlin 1968). This 

articulation is not consistent with the articulation of a high tone like 

10There are a few exceptions to this distribution, for example, [mi3 p] tI grasp 
with all five fingers. tI However, these exceptions generally do not have 
Chinese characters as observed by Zhang (1983), implying that they might 
have non-Chinese origins as argued in Norman and Mei 1976. 
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[3P], which requires the active articulation of stiff vocal cords (see, 

e.g., Halle and Stevens 1971, Ohala 1973, 1978). 

This constraint is obeyed by the application of a rule that 

inserts [IP] before [3P], as shown below in graphical notation and in 

terms of the parameters from Chapter 2. Notice that the Target 

Conditions in the parameterized version refer directly to the High 

Tone-SV Constraint, so this aspect of the rule does not need to be 

repeated in the formalism as it is in the graphical version of the rule. 

In any case, the effect of the rule is that the [13P] tone is derived 

from an underlying [3P] tone. 

(19) SV 

a. 

b. 

Low Tone Insertion Rule 

Informal representation 

[ IP] [3P] 
. / 

j.t 

I \ 
Root Root 

I 
SV 

Parameterized representation 

I. a. Operation: Insertion 
b. Type: Feature 
c. Direction: Right-to-Ieft 
d. Iterativity: Noniterative 

II. Argument: [IP] 

II. Target Conditions: a. High Tone-SV Constraint 
b. _ [3P] 
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This rule avoids the violation of the High Tone-SV Constraint 

because of the observation about Taiwanese contour tones made at 

the beginning of the chapter. Recall that contour tones in Taiwanese 

always have each tone value on different moras. This means that 

when the SV Low Tone Insertion Rule applies to insert [IP], the [3P] 

that was there already is forced to move from the first mora to the 

second so that it is no longer linked to the same mora as the onset's 

SV node. I show how this looks in the figure below. 

(20) Schematic derivation (C's and V's indicate consonants and 
vowels, respectively, for clarity) 

[3P] [ IP] [3P] 

A I I 
JJ. JJ. > JJ. JJ. 

/1 1 /1 1 
Root Root Root Root Root Root 

I I I I I I 
sv sv sv sv sv sv 

[ c V V] [C V V] 

Notice that this analysis argues against tone theories that use 

the same features for tone and voicing, which may describe this 

pattern as spreading of [+voice] (see Tsay 1991 for just such an 

analysis). If Rice (1993) is correct about the SV node, the voiced 

consonants in Taiwanese do not even have the feature [+voice]. A 

constraints-based approach like the one here does not face this 

problem, since grounded constraints can be potentially found 
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between any pair of features. In other words, it appears to be more 

appropriate to represent the interaction between tone and voicing 

with a constraint-based theory that relates features (including here a 

pitch-based tone feature) than with articulation-based tone features. 

We now have two arguments for collapsing Tones I and II. 

First, both alternate with [2P] in context environments. Second, they 

are in complementary distribution depending on the sonority of 

onsets. Nevertheless, they appear to be in contrastive distribution 

with voiceless obstruents; minimal pairs like [pe3P] "push rice into 

mouth by chopsticks" and [pe13P] "crawl" do exist. However, the 

nature of voicing in Taiwanese as Spontaneous Voicing allows us to 

understand such pairs, not as a contrast in tone, but as a contrast in 

SV. That is, syllables with voiceless obstruents that surface with the 

[13P] tone actually have [3P] underlyingly but also have an 

underlying floating SV node, while those that surface with the [3P] 

tone do not have SV. The floating SV node cannot link to the onset 

consonant because of the presence of the prelinked [-voice], but it 

does have phonological consequences. Specifically, this analysis 

allows the Low Tone Insertion Rule to apply in some syllables with 

obstruents but not in others, as illustrated below. 



(21) a. Derivation of [pa13P] 

[3P] 
I 

jJ. 

/1 
Root Root 

/sv s~ 
Lar 

1 
[-voice] 

> 

[l\JP] 

jJ. 

/1 
Root Root 

/sv s~ 
Lar 

1 
[-voice] 

b. Derivation of [pa3P] (rule does not apply) 

[3P] 
I 

jJ. 

/1 
Root Root 

/ s~ 
Lar 

1 
[-voice] 
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This analysis can also deal with the other gap shown above, 

that is, the fact that Tone IV cannot appear with sonorants either. 

This time, however, there is no plausible way to collapse this tone 

with another, since both the prejuncture form (Le., [IP]) and the 

context form (i.e., [31P]) are unique to this tone. Instead, it appears 

that the combination of SV and underlying [lP] is simply ruled out 

by the following constraint (which only holds of underlying forms, 
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SInce it does not rule out the derived [13P] tone from appearing with 

sonorant onsets). 

(22) Low Tone-SV Constraint (underlying level only) 

* [IP] 
I 

J.l 
/ \ 

Root Root 
I 

SV 

Assuming that Spontaneous Voicing is most favored when the 

larynx is not actively engaged in any extreme articulation, whether 

to make a high pitch or a low pitch, this constraint is also physically 

grounded. The Low Tone-SV Constraint is presumably weaker, 

however, since the articulations of voicing and low tone are more 

similar than those of voicing and high tone (see references in Chapter 

3). Archangeli and Pulleyblank (in press) claim that the relative 

strength of physically grounded constraints correlates with how 

often the constraints are used both across and within languages. In 

this case, we see that the Low Tone-SV Constraint is not used as 

thoroughly as the High Tone-SV Constraint in Taiwanese, since the 

former only holds of underlying representations, while the latter 

holds of the whole derivation. 

To summarize, then, in this section I have shown that the tone 

inventory of Taiwanese can be simplified as shown in (23). Tones I 

and II are actually the same underlyingly, with a prejuncture form 
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of [3P] and a context form of [2P]. This means that the South Min 

Tone Circle can also be simplified, as shown in (24). 

(23) Taiwanese Tone Inventory 

I&II III IV V 
Prejuncture [3P] [3IP] [IP] [2P] 
Context [2P] [3P] [3IP] [IP] 

(24) South Min Tone Circle (revised) 

In addition to simplifying the South Min Tone Circle, I also 

showed that there is a tone-voicing interaction in Taiwanese that 

cannot be described with laryngeal tone features, since in Taiwanese 

tone interacts with Spontaneous Voicing, which Rice (1993) argues is 

not a laryngeal feature at all. In the next section we will see that my 

analysis also allows Taiwanese Tone Sandhi to be analyzed in a very 

natural way using Phonological Pitch. 

5.4 Taiwanese Tone Sandhi as raising 

Once the extra branch is removed, it is easy to see that the 

heart of Taiwanese Tone Sandhi is a scalar rule involving [IP], [2P], 

and [3P]. The question to consider now is whether the rule is a 
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raising process or a lowering process. In this section I show that it is 

a raising process. This will reveal Taiwanese Tone Sandhi as a very 

common and natural phenomenon. 

All theorists have assumed that the direction of the tone 

alternation in Taiwanese is from prejuncture form to context form 

(except for Ting 1982, Hashimoto 1982, and Ho 1984, who suggest 

the opposite direction). The primary argument for this analysis is 

based on the assumption that the [13P] and [3P] prejuncture tones 

are distinct and both alternate with the context tone [2P]. If context 

tones are derived from prejuncture tones, then we can analyze [13P] 

and [3P] as neutralizing into [2P] in the context environment. By 

contrast, if we went in the other direction, we would have [2P] 

becoming two different tones in the same environment. In the last 

section, however, I showed that [13P] and [3P] appear in different 

consonantal environments and so can be collapsed into one tone 

category (i.e., [3P]). This removes the only argument for proposing 

that the tone alternation direction is from prejuncture form to 

context form. 

I suggest that the direction of alternation is from context form 

to prejuncture form. This is because the context tone is not sensitive 

to the value of the neighboring tones, as shown in (25). The word for 

"bowl" has a [31P] tone in prejuncture position in (25a). It shows up 

with a [3P] tone in context (25b-d), no matter what the values of the 

following (or the preceding) tones are. If we were to assume that the 
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context form is derived from the prejuncture form, we would have to 

arbitrarily define the conditioning environment as "any tone". 

(25) a. lla[31P] # 

b. tua[1P] - lla[3P] - kOIJ [3P] # 

(big - bowl - grand) 

c. se[3P] - Ua[3P] - tj[2P] # 

(wash - bowl - chopsticks) 

d. k'iIJ [2P] - Ua[3P] - te[31P] # 

(to clean - bowl - bottom) 

"bowl" 

"big bowl" 

"do the dishes" 

"eat up the food" 

However, if we assume that the prejuncture form is derived 

from the context form, we may propose the juncture itself as the 

conditioning environment, as illustrated schematically below. 11 

(26) The direction of alternation (T stands for ihe prejuncture tone, 
t for the context tone, and # for the juncture) 

t --> T I # 

Another major advantage for analyzing the alternation as 

occurring in this direction is the following: Taiwanese Tone Sandhi 

can now be seen as a natural, common rule. Specifically, it is a rule 

raising the pitch at the rightmost edge of a prosodic constituent, 

probably the phonological phrase (analyses vary, but all scholars 

agree that Taiwanese Tone Sandhi occurs within specific domains 

that are not identical to syntactic constituents; see e.g., Chen 1987, 

11 Ting (1982), Hashimoto (1982), and Ho (1984) have made the same proposal 
for independent reasons. 
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Hsiao 1990). The extra rise that appears at the end of a phrase-final 

low tone in Mandarin also has been analyzed as the insertion of a 

high tone (Wiese 1988).1 2 

The South Min Tone Circle now appears as in (27). 

(27) The South Min Tone Circle (final revision) 

/[2Pl~ 

[3P] [lP] 

~[31Pl-'~ 
The heart of this process is the scalar rule raising [IP] to [2P] 

and [2P] to [3P]. This is precisely the sort of process that is best 

analyz~d using a scalar tone feature such as that found in 

Phonological Pitch. This process can then be formalized as the 

insertion of an interval onto the tone group [1-2P], as represented in 

the following informal rule. 

(28) Taiwanese Tone Raising 

[a P] -> [a +IP] / _ #, where a ~ 2. 

In terms of parameters, the rule would appear as follows. 

12James Myers has pointed out to me that there is another way in which this 
analysis of Taiwanese Tone Sandhi is natural. As we will see in the next 
section, Tone Sandhi is an example of a kind of lexical rule that Hayes (1990) 
calls a precompiled phrasal rule. Such rules tend to occur at the edges of 
phrasal constituents rather than in the middle of them, so they tend to be what 
Nespor and Vogel (1986) call Domain Limit rules, rather than Domain Span 
rules. Typical Domain Limit rules include those that apply at the end of a 
clause in Tiberian Hebrew; as Dresher (1983) shows, they behave very much 
like lexical rules. By contrast, a typical Domain Span rule is flapping in 
English, which shows every sign of being postlexical (see Myers 1993). 
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(29) Taiwanese Tone Raising13 

I. a. Operation: Insertion 
b. Type: Interval 
c. Direction: Right- to-left 
d. Iterativity: Noniterative 

II. Argument: [1-2P] 

II. Target Conditions: a. # 
b. i=1 

In the following section I discuss what should be done with the 

rest of the South Min Tone Circle. 

5.5 Precompiled phrasal phonology 

In this section I show that Taiwanese Tone Sandhi is a lexical 

rule, specifically a precompiled phrasal rule, in the sense of Hayes 

(1990). This will allow me to account for the entire South Min Tone 

Circle as a single process, not only providing a neat analysis but also 

avoiding a paradox that other analyses cannot handle. I will also 

show more evidence that extragrammatical principles must play a 

role in constraining grammatical analyses. 

The paradox occurs because in addition to the rule of 

Taiwanese Tone Raising, it seems that two other rules are still 

necessary to complete the Circle, namely a rule that changes [3P] into 

[31 P] and a rule that changes [31 P] into [1 P]. These rules can be 

13Recall from Chapter 2 that the default values for Direction and Iterativity 
are Right-to-Ieft and Noniterative, respectively. Hence the values for these 
parameters are not relevant for the rules in this chapter. 
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formalized quite elegantly as the insertion of [IP] and the deletion of 

[3P], respectively, as illustrated below in informal and parameterized 

forms. 

(30) Sandhi Low Tone Insertion 

o --7 [lP] / [3P] _ # 

1. a. Operation: Insertion 
b. Type: Feature 
c. Direction: Righ t- to-left 
d. Iterativity: Noniterative 

II. Argument: [lP] 

II. Target Conditions: [3P] _ # 

(31 ) Sandhi High Tone Deletion 

[3P] --7 0 / _ [IP] # 

1. a. Operation: Deletion 
b. Type: Feature 
c. Direction: Righ t- to-left 
d. Iterativity: Noniterative 

II. Argument: [3P] 

II. Target Conditions: _ [IP] # 

These rules are simple and natural, since both involve the 

manipulation of a single argument by a single operation. In Tsay 

(1991) I commented that they obey the Rule Argument Constraint, 

which states that feature changing is prohibited, so that phonological 

rules can only manipulate one argument per rule. This is implicitly 

assumed in all of the auto segmental literature, including Goldsmith 
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(1976), Clements (1985), Sagey (1986), and Archangeli and 

Pulleyblank (in press), and it is clearly represented in the 

parameters for tone rules adopted in Chapter 2 of this thesis, since 

there is only one place in the parameter frame for the Argument of 

the rule to be mentioned. 

However, if the rules are independent of the Tone Raising Rule, 

they cause a paradox. Namely, there is no order in which to apply 

these three rules (Le., Tone Raising, Low Tone Insertion, High Tone 

Deletion) without creating incorrect derivations. Below I give 

derivations for all six possible orderings of these three rules. In 

every case, there comes a point where two tones are incorrectly 

neu tralized. 

(32) Rule ordering paradox (neutralized tones are underlined) 

a. UR [IP] [2P] [3P] [3IP] 
Raising [2P] [3P] 
H-Deletion [IP] 
L-Insertion [31 Pl [31 Pl ---

b. UR [IP] [2P] [3P] [31P] 
Raising [2P] [3Pl 
L-Insertion [3IP] ---
H-Deletion [3Pl [IP] 

c. UR [IP] [2P] [3P] [3IP] 
H-Deletion [IP] 
Raising [2P] [3P] [2P] 
L-Insertion [31 Pl [31 Pl ---

d. UR [IP] [2P] [3P] [3IP] 
H-Deletion [IP] 
L-Insertion [31P] ---
Raising [2Pl [3P] [2Pl 



e. 

f. 

DR 
L-Insertion 
Raising 
H-Deletion 

UR 
L-Insertion 
H-Deletion 
Raising 

[IP] [2P] [3P] [3IP] 
[3IP] ---

[2P] UI2 
[3Pl [IP] 

[IP] [2P] [3P] [3IP] 
[3IP] --

[IP] 
[2Pl [3P] [2Pl 

230 

This is not just a problem with my particular analysis. Instead, 

it is a problem caused by the South Min Tone Circle itself. Since 

every tone becomes another tone in the inventory, which also 

becomes another tone in the inventory, any ordering will inevitably 

cause at least one tone to undergo, incorrectly, more than one tone 

change. 14 

The best way to avoid the dilemma is to make these three 

alternations parts of a single process. That is, they will be 

disjunctively ordered: if one rule applies, then none of the other 

rules do. Chomsky and Halle (1968) claim that only rules that can be 

collapsed using parentheses (i.e., optional material) can be 

disjunctively ordered. As it turns out, it is possible to collapse these 

rules through the use of angled brackets, which Chomsky and Halle 

(1968: p. 76) note is a way of "generalizing the parenthesis notation 

so that it permits the expression of discontinuous dependencies." 

This results in the single rule shown below. 

14Later we will see how the analysis of Yip (1980) responds the same problem, 
leading to other problems. 
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(33) Taiwanese Tone Sandhi Rule 
(parts a, b, and c are disjunctively ordered) 

<[ex P]>a <[3P]>b -7 <[ex +IP]>a <[1P]>c / <[3P]>c _ <[IP]>b #, ex:::; 2 

Although the angled bracket notation is formally legal, this rule 

clearly is not as elegant as we would hope. Note, however, that it is 

simply an abbreviation of the following three disjunctively ordered 

subrules. 

(34) Taiwanese Tone Sandhi Rule 
(parts a, b, c apply disjunctively) 

a. [ex P] -> [ex +IP] / _ #, where ex :::; 2. 
b. (0 -7 [lP] / [3P] _ # 
c. [3P] -7 (0 / _ [IP] # 

Although it is somewhat unusual, there are other such 

examples of disjunctively ordered rules. For example, as pointed out 

by Myers (1993), Anderson and Browne (1973) and Janda (1987) 

observe that morphological exchange rules, where A becomes Band 

B becomes A at the same time, do exist. I5 Significantly, however, all 

such cases are lexical patterns, that is, they have exceptions and only 

apply within the word. By contrast, Taiwanese Tone Sandhi applies 

at the phrasal level and so would normally be considered a 

postlexical rule, which seems to pose a problem for the analysis 

discussed here. 

Hayes (1990) shows, though, that lexical rules can apply at the 

phrasal level as well. He describes many rules that are sensitive to 

I5Nick Clements has made the same point to me. 
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syntactic or other abstract information across a word boundary that 

nevertheless have lexical exceptions, are structure-preserving, are 

ordered before rules that are sensitive to morphology, or have other 

properties of lexical rules. Fo( example, in Hausa final long vowels of 

verbs are short when preceding a full NP direct object. Simplifying 

somewhat, this rule can be formalized as in (35a); examples are 

given in (35b). 

(35) Hausa Shortel1ing (Hayes 1990; data from Kraft and 
Kirk-Greene 1973) 

a. V: -7 V I [ _ NP ... ]vp, NP non-pronominal 

b. fiei: ka:ma: "I have caught (it)" 
na: ka:ma: Ji "I have caught it" 
na: ka:m~ ki:fi: "I have caught a fish" 

This rule seems to be postlexical because it applies across word 

boundaries, but Hayes (1990) shows that it precedes the lexical rule 

of Low Tone Raising, which has a number of lexical exceptions and 

"native speakers seem clearly aware of its effects" (p. 98). This rule 

raises a low tone to a high tone when it follows a low tone and is at 

the end of a word. In terms of Phonological Pitch, the rule would 

appear as in (36a); derivations showing that it must follow Hausa 

Shortening are given in (36b). 

(36) Hausa Low Tone Raising (based on Hayes 1990) 

a. [IP] -7 [2P] I [IP] _ ]word 

A 
VV 
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b. karanta: karanta: X "read" (X = full NP) 
Shortening karant~ X 
Raising karanta: 

Hayes (1990) analyzes rules like Hausa Shortening as 

precompiled rules, that is, lexical rules that create allomorphs that 

are listed separately in the lexicon. The correct allomorph is then 

selected to be put into the proper environment in a sentence. That 

is, unlike a normal lexical rule where the environm~nt within a word 

triggers a change, there are different stages for when the 

precompiled rule derives the form and when the insertion of the 

form into the sentence occur. 

Taiwanese Tone Sandhi appears to be just such a precompiled 

rule. Not only does it involve disjunctive ordering, but it also applies 

in a restricted environment, namely, at the end of a tone group, 

which is at least partially syntactically defined. 

Moreover, experiments by Hsieh (1970, 1975, 1976) and Wang 

(1992) have shown that Taiwanese Tone Sandhi is not completely 

productive, unlike what one would expect with a normal postlexical 

rule. That is, while native subjects will correctly apply tone sandhi if 

they are given real words placed in nonsense sentences, they are not 

able to apply tone sandhi correctly if they are given nonsense words. 

Finally, Taiwanese Tone S:.ndhi is structure-preserving, since it 

never creates a tone that does not exist underlyingly (see Kiparsky 
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1985 and Borowsky 1986 for discussions of structure

preservation).16 

This last point about structure preservation, combined with the 

analysis that raising is at the heart of Taiwanese Tone Sandhi, is 

crucial in explaining the whole South Min Tone Circle. That is, since 

no new tones are created, we only have to explain alternations 

among the four underlying tones, [IP], [2P], [3P] and [31P]. We 

already know that [IP] becomes [2P] and [2P] becomes [3P]. Now, 

notice that each subpart of the Tone Sandhi Rule is formally very 

simple: just a single operation, namely, interval insertion, tone 

insertion and tone deletion, respectively. This explains why [31P] 

alternates with [IP] and [3P] and not with [2P]. If [31P] became [2P], 

two tones would have to be deleted (i.e., [IP] and [3P]), and then 

another tone would have to be inserted (i.e., [2P]), or else one tone 

would have to be deleted and the other one transposed up or down. 

Logically, then, if we assume the raising process is fundamental, 

there are only three other possible rules that could affect a single 

argument other than the actual rules that we have. These are shown 

with light arrows in the diagram below. 

16 As Douglas Pulleyblank has reminded me, there are other tone rules in 
Taiwanese that are not structure-preserving in this way. For example, triple 
reduplication creates a rising tone [23P] which is slightly higher than the 
lexical rising tone. Thus not all tone rules in Taiwanese are precompiled. 



(37) Other logically possible rules in Taiwanese Tone Sandhi 
(besides Raising) 
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All of these alternate rules would cause the same problem: 

neutralization. Of course lexical rules may neutralize distinct 

representations as long as they do not do it absolutely. For example, 

both electricity and necessity both end in Isiti/, even though in one 

case the lsi is underlyingly Ik/ and in the other it is lsi. Such cases 

do not violate the Strict Cycle Condition or Structure Preservation 

(see e.g., Kiparsky 1982). However, in a phrase-level lexical rule 

there may be different constraints that are equally valid. Taiwanese 

Tone Sandhi presumably is useful to listeners because it can be used 

to signal whether a morpheme is in a context or prejuncture position, 

information that should help to parse a sentence)7 It would be less 

useful if some tones did not undergo sandhi at all or if different 

tones were neutralized into one in some context. This is especially 

true in Taiwanese, where neutralizing two tones often means 

neutralizing two different morphemes (since morphemes are 

monosyllabic). Thus if Taiwanese Tone Sandhi were to neutralize 

171 am currently conducting perception experiments to see if this hypothesis 
is correct. 
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two tones, the rule would be harder to learn. This creates pressure 

on the grammar from learnability considerations. 

This is protlably true for all precompiled phrasal rules. Unlike 

regular lexical rules, which do not create different allomorphs of the 

same word, precompiled phrasal rules create a potential problem for 

the language-learner, since they result in two different lexical forms 

for the same word. If two words are neutralized by the precompiled 

rule, then, it will be harder to learn that they are actually distinct 

words. This observation suggests a strong prediction, inspired by 

Structure Preservation, which I put into the following principle. 

(38) Contrast Preservation 18 

Precompiled phrasal rules can neither create, nor destroy, 
underlying contrasts in words. 

It is this principle that rules out the unattested tone 

alternations shown above with the light arrows in (36). 

To summarize, then, I have shown that Taiwanese Tone Sandhi 

is a kind of a lexical rule called a precompiled phrasal rule. As a 

lexical rule, Taiwanese Tone Sandhi is able to have two properties 

that are crucial for the analysis. First, it consists of three subrules 

that apply disjunctively. Any analysis that treats these rules as 

independent will predict incorrect derivations. Second, it is 

structure-preserving, which means that we now understand why the 

output of Tone Sandhi does not add to the :>et of underlying tones. 1 9 

18Thanks to Alan Prince for suggesting this term. 
19 Another benefit of this is that we do not have to explain why Tone Raising 
does not raise [3P] to [4P], since [4P] is not an underlying tone. This is why we 
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Contrast Preservation, a principle unique to precompiled rules, then 

explains why the output set is in fact identical to the set of 

underlying tones. 

In order to explain why tone sandhi forms a circle, we made 

two further points. First, all the subparts of the Tone Sandhi Rule 

perform only one operation. Second, and most important, the heart 

of Taiwanese Tone Sandhi is the raising process. As we saw in the 

last section, this raising process is very easy to express using the 

transposition capability of the scalar feature in Phonological Pitch. 

All together, these independently motivated properties explain all of 

the South Min Tone Circle. The figure below summarizes the 

principles needed to analyze Taiwanese Tone Sandhi. 

(39) a. Precompiled Raising Rule 
b. Rule Argument Constraint 
c. Structure Preservation 
d. Contrast Preservation 

5.6 Previous analyses 

Many tonal theories have attempted to deal with Taiwanese 

Tone Sandhi, including that of Wang (1967), R. L. Cheng (1968, 1973), 

Yip (1980), Wright (1983), Shih (1986), Bao (1990) and Duanmu 

(1990). All of these previous analyses have had troubles, for any 

one of several reasons. First, some treat [3P] and [13P] as 

independent, which forces them to treat the alternation as going 

from prejuncture to context forms. Making the rule go this way lets 

do not have to give any constraint on the tone group where Tone Raising 
applies in the parameterized version of this rule. 
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them mISS the great similarities Taiwanese Tone Sandhi has with 

other tone rules in other languages. Second, some do not recognize 

that Taiwanese Tone Sandhi has properties of a lexical rule, and so 

they cannot explain why there is such a thing as the South Min Tone 

Circle in the first place. Finally, many analyses do not show that at 

the heart Taiwanese Tone Sandhi is a raising process, which IS simple 

to show with a scalar feature like Phonological Pitch but very 

difficult to show with binary features. 

In this section I illustrate these problems by examining the 

analysis of Yip (1980), which is one of the most cited tone theories, 

and which also has detailed analysis of Taiwanese Tone Sandhi. 

There are several differences between the analysis of Yip 

(1980) and the one discussed In this chapter. First, unlike the 

analysis proposed above, Yip assumes Tone I and Tone II are 

underlyingly two distinct tones. Second, Yip assumes that the 

direction of alternation is from prejuncture tone to context tone. 

Third, for Yip the rising tone is LM (Le., [12P]), instead of LH (i.e., 

[13P]) as in the above analysis, and the falling tone is HM instead of 

HL.20 Therefore, Yip has five long tones: H, LM, HM, L, and M. The 

representations of these tones in Yip's system are translated with the 

representations in Phonological Pitch below. 

20 She gives no phonological arguments for these choices, but clearly the 
reason is theory-internal. As we saw in Chapter 4, her theory of register does 
not allow contour tones to cross the register boundary. A three-level language 
requires two registers, which means that a low tone and a high tone are in 
different registers. Thus for her there cannot be a low-high contour tone, 
only a low-mid contour tone. 



( 40) Phonological Pitch vs. Yip (1980) 
("u" = "[upper]", "r" = "[raised]") 

[IP] [2P] [3P] 

-u +u +u 
1 \ 1 \ 1 \ 

-r -r -r -r +r +r 

[I2P] 

-u 
1 \ 

-r +r 

Yip's analysis requires the three rules 

apply in the order given. Register Switch 
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[32P] 

+u 
1\ 

+r -r 

given below, which 

changes [ -upper] to 

[+upper] and [+upper] to [-upper], but only in level tones. Recessive 

Deletion deletes [+raised] from either side of [-raised]. Finally, 

Dissimilation changes [-raised] to [+raised] before [-raised]. 

(41) Taiwanese Tone Sandhi rules (based on Yip 1980, pp.324-326)21 

a. Register Switch 

[ex upper] --> [-ex upper] I 
I \ 

[8 raised] [8 raised] 

b. Recessive Deletion 

[- raised] ---> 0 /I [+ raised] 

c. Dissimilation 

I \ 
[-raised] --> [+raised] I _ [-raised] 

21 I have spelled out her abbreviations to make the rules easier to understand, 
using Pulleyblank's (1986) name "[raised]" instead of her "[high]". 
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Below I give derivations of all the tone sandhi patterns to show 

how these rules work, with the input and output in terms of 

Phonological Pitch to make 

( 42) [lP] 

-u 
1 \ 

-r -r 

Reg. +u 
Switch 1 \ 

-r -r 

Recess. 
Del. 

Dissim. +u 
1 \ 

+r -r 

[32P] 

things 

[2P] 

+u 
1 \ 

-r -r 

-u 
1 \ 

-r -r 

-u 
1\ 

+r -r 

[21P] 

clearer. 

[3P] 

+u 
1 \ 

+r +r 

-u 
1\ 

+r +r 

[2P] 

[12P] 

-u 
1\ 

-r +r 

-u 

+r 

[2P] 

[32P] 

+u 
1 \ 

+r -r 

+u 
1 

+r 

[3P] 

Notice first of all that nowhere does Yip express the 

fundamental scalar nature of Taiwanese Tone Sandhi. The closest Yip 

gets is with Register Switch, but while this rule makes a high tone 

into a mid tone and a mid tone into a low tone (recall that the 

direction of alternation for Yip is from prejuncture to context), it also 

makes a low tone into a mid tone. 

Notice also that Yip does seem to avoid the rule ordering 

paradox, but there are some very serious costs. First, it is not clear 

from the notation of Phonological Pitch, but the derived mid tones 

are both different from the underlying mid tone. The derived mid 
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tone is [-upper, +raised], while the underlying mid tone is [+upper, 

-raised]. There is of course no phonological evidence for this 

difference. Yip (1980) may be making the counterintuitive 

prediction, then, that these mid tones are phonetically different.22 

Second, notice that the analysis here incorrectly derives the 

context form [21P] from the prejuncture form [2P], instead of the 

correct [IP]. Thus the underlying and derived low tones are not 

identical either. Yip (1980) seems to interpret the slightly raised 

onset of the low tone as purely phonetic in the prejuncture form (as I 

do; see Section 4.3.1), while Yip then interprets it as a phonological 

mid tone onset in the context form.23 

In addition to the fact that Yip (1980) must break up the single 

process of Taiwanese Tone Sandhi into three independent rules, we 

know that since Taiwanese Tone Sandhi seems to be a precompiled 

rule, there is another problem. Namely, according to Yip's analysis, 

Taiwanese Tone Sandhi is not structure-preserving. Of course not all 

lexical rules are structure-preserving (see, e.g., Borowsky 1986), but 

all of the precompiled rules discussed by Hayes (1990) are. In any 

case, since Yip ignores structure-preservation, Yip cannot explain the 

South Min Tone Circle as elegantly as I did above. 

221 am currently conducting a production experiment to see if prejuncture 
tones and context tones are phonetically the same in Taiwanese Tone Sandhi. 
So far they seem to be. 
23 Yip (1980, pp. 326-7) herself sees this problem, and then writes "should 
evidence be found that this is wrong, the rule [i.e., Dissimilation] could be 
restricted to apply only to [+ Upper] register tones." As she notes, though, this 
would only make her system even more complicated. 
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Thus Phonological Pitch, along with other insights, seems to 

provide a much better account of Taiwanese Tone Sandhi than Yip 

(1980) and other previous analyses in the literature. 

5.7 Conclusion 

In this chapter, I have not only shown how Phonological Pitch 

deals with a complex tonal phenomenon, but also have introduced 

some important other principles. First, the heart of Taiwanese Tone 

Sandhi is a natural prejuncture raising process, easily expressed with 

the scalar feature [Pitch] but not easily represented with binary 

features, as Yip's (1980) analysis demonstrates. Second, I showed 

that there is a tone-voicing interaction in Taiwanese that does not 

seem to be described with laryngeal tone features. Namely, here 

tone interacts with Spontaneous Voicing, which Rice (1993) argues is 

not a laryngeal feature at all. Recognition of this interaction also 

allows the South Min Tone Circle to be simplified greatly. Finally, I 

showed that Taiwanese Tone Sandhi is a single process that is a 

precompiled phrasal rule, requiring the principle of Contrast 

Preservation, thus explaining where the South Min Tone Circle comes 

from in the first place. 

This analysis therefore uses the following unique properties of 

the theory of Phonological Pitch. First, tone is pitch-based, not 

articulator-based (tone-SV interactions). Second, scalar rules exist, 

and do not invdve register switching (my analysis compared with 
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that of Yip 1980). Taiwanese Tone Sandhi therefore provides strong 

support for the theory of Phonological Pitch. 
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CHAPTER 6 

CONCLUSION 

In this thesis, I have proposed a theory of tone which I call 

Phonological Pitch. This is a formally very simple phonological 

theory constrained by a set of explicit extragrammatical principles 

and constraints. 

The formal model of Phonological Pitch contains two major 

mechanisms, the tone feature and the Contiguity Hypothesis. Tone in 

Phonological Pitch is represented by a single multivalued feature 

[Pitch]. The value of [Pitch] can be any positive integer up to a 

language-specific upper limit. There is no universal upper limit to 

the value of this feature. The Contiguity Hypothesis ciaims that the 

classes of tone involved in phonological rules must always be 

groupings of contiguous tones. 

In addition to the grammatical mechanisms, Phonological Pitch 

also assumes extragrammatical constraints. Specifically, I have 

discussed three extragrammatical constraints, namely, the Subset 

Principle, the Perceptual Capacity Constraint, and the Acoustic 

Similarity Constraint. First, the Subset Principle states that the child 

must start with a hypothetical grammar that generates a subset of 

the language generated by the adult's grammar. Second, the 

Perceptual Capacity Constraint states that the degree of difficulty in 

keeping pitches distinct in perception increases as the number of 
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pitches increases, increasing drastically above about four or five 

pitches. Third, the Acoustic Similarity Constraint states that stimuli 

that are acoustically similar are also perceptually similar, which 

explains the origin of the Contiguity Hypothesis. These constraints 

are sufficient to derive the attested upper limits on the number of 

tone levels, the typology of contour tones, and classes of tones used 

in tone rules. Thus these properties of tone do not have to be built 

into the grammatical model of tone, which allows for a formally 

much simpler theory. 

I see Phonological Pitch as making the following contributions 

to phonological theory. 

With respect to the domain of tone, Phonological Pitch removes 

some significant theoretical bottlenecks that have impeded progress. 

Phonetically, tone levels form a single scalar dimension in both 

production and perception, and this phonetic nature is mirrored in 

such phonological observations as transposition rules and the lack of 

universal boundaries. By contrast, while previous tone theories vary 

widely in specific details, they have all assumed that tone must be 

described using a set of binary features, and virtually all have also 

assumed that there is a universal upper limit on the number of tone 

levels that the feature set must predict exactly. In this thesis I 

showed that no formal problems arise when we adopt a single 

multi valued feature, and familiar phonological devices like 

spreading, deletion, underspecification and tone classes can be 

handled quite elegantly, and in some cases even better, by a 
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multivalued feature. Moreover, I showed that upper limits on the 

number of tone levels must come from outside the grammar. 

With respect to theoretical phonology in general, this thesis 

makes several new arguments about how features should be 

handled. First, Phonological Pitch argues for the validity of 

multivalued features. Using the same logic that I use in arguing for a 

multivalued tone feature, we might be able to predict what other 

phonetic domains are more likely to allow multi valued features. In 

partic~lar, we saw suggestive evidence in the alternations in Fuzhou 

that vowel height may be handled by a single multivalued feature as 

well. 

Second, I showed the value of a modular approach to 

constraining feature theory. That is, instead of complicating the 

grammatical feature system so that it describes just the phonological 

patterns we find, we should consider how independently necessary 

extragrammatical principles can interact with a much simpler feature 

system to describe the patterns. In this thesis I showed how this can 

work with tones, but the general idea can potentially be extended to 

any sets of features. For example, we saw that tone interacts with 

both laryngeal and nonlaryngeal features, and that such interactions 

ultimately have a physiological and not a grammatical basis. 

Physically motivated feature interactions are found everywhere in 

phonology, as emphasized most strongly by the theory of Grounded 

Phonology (Archangeli and Pulleyblank, in press). It is not yet clear 

how this insight can be captured without either redundantly 
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repeating the physiological constraints in the grammar, as in 

Grounded Phonology, or falsely implying that physiologically 

motivated feature interactions are purely physiological and not 

grammaticalized. Nevertheless, it seems crucial for feature theory 

that the insight should be captured in some way. 

In essence, the problem is what Chomsky and Halle (1968, 

Chapter 9) call the intrinsic content of features. Understanding the 

relationship between the grammatical properties of phonology and 

the physical properties of speech production and perception is crucial 

for an understanding of phonology, and major problems still persist. 

The modular approach argued for in this thesis may be the way to 

begin to deal with these problems. 

A related implication for phonological theory is that 

phonologists should question basic assumptions about the innateness 

of features and the acquisition of phonology. 

Scholars have assumed, implicitly or explicitly, that 

phonological features are universal and must be innate and 

specifically linguistic (see, e.g., Halle 1962, Chomsky and Halle 1968). 

However, little effort has been made to prove that these assumptions 

are correct. The Venn diagram given in Chapters 1 and 3 shows that 

what is universal in language need not be in Universal Grammar, 

since it could be something more general or extralinguistic. In this 

thesis I have argued that many aspects of tone feature theory should 

not be considered innate and/or specifically linguistic. Could it be 

that the tone feature itself, or even all features in general, may not 
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be innate either? 

If phonological features are not innate, the first requirement 

would be to develop a theory of how they arise. Aspects of such a 

theory can already be imagined. First, it has been observed many 

times in this thesis that grammars contain elements that mirror 

properties of the physiology and psychoacoustics of speech. In a 

sense, given certain physical facts, we can predict what the 

grammatical facts will be like. Since we know that pitch production 

and perception is scalar, we correctly predict that the phonological 

tone feature should be scalar as well. The perception and production 

of vowel height also seems to be scalar, and this explains why vowel 

height also seems to behave in a scalar fashion in the phonology. 

Both pitch production and the production of voicing involve the 

larynx, so we predict there to be phonological interactions between 

tone and voicing, and there are. Both pitch production and vowel 

height changes involve the hyoid bone, but very indirectly, so we 

predict that there should be phonological interactions between tone 

and vowel height and that these interactions should be rare, and 

these predictions are upheld. 

It is possible, then, that these connections between physics and 

phonology are made by each language learner as she is acquiring the 

language. Although exactly how a child will map physics and 

phonology depends on a variety of unpredictable events during 

language acquisition, in general we expect the child to carryover into 

the phonology the physical aspects that are easiest to produce and/or 
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to perceive. Of course the interactions between production and 

perception will be quite complex, but many theorists have in fact 

suggested that it is precisely in making the connections between 

them that phonological systems can arise (see, e.g., Viehmann, 

Villeman and McClune 1994). 

The actual mechanisms involved in the acquisition of 

phonological features are still far from clear, of course. However, the 

self-organizing model of Lindblom et al. (1984) and the quantal 

relation model of Stevens (1972, 1989) provide plausible 

frameworks for further research. Both models provide insights into 

the way speech sounds and feature inventories are chosen under the 

constraints of the physiological and auditory systems. 

The self-organizing model of Lindblom et al. (1984) attempts to 

allow universal phonological units such as segments and features to 

emerge automatically. In this computer simulation, a large inventory 

of universally "possible gestures" is set up, where a possible gesture 

is defined as a transition between an arbitrary point in the space of 

closures and an arbitrary point in the space of vowels. An 

optimization criterion, the achievement of "sufficient perceptual 

benefits at acceptable articulatory costs" (p. 181) is also applied. 

Then, given certain production-based and perception-based 

constraints, the computer will choose from the large inventory 

provided a subset of phonetic signals. Lindblom reports that these 

signals end up showing many of the properties of segments and 

features. 
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The quantal relation model of Stevens (1972, 1989) focuses on 

the role of articulatory and auditory constraints in shaping the 

inventory of d.istinctive features used in language. Two kinds of 

relations are taken into consideration: the articulatory-acoustic 

relations and the acoustic-auditory relations. The relations have 

been found to be quantal in the sense that one parameter changes 

from one state to another in a non-monotonic way as the other varies 

through a range of values. Stevens claims that this tendency towards 

quantal relations is a principle factor in shaping the physical 

attributes that are used distinctively in language. Notice that his 

theory explains why tone behaves like a single multi valued feature, 

since there are no quantal boundaries in the acoustic or articulatory 

pitch domain. 

Clearly there is much work left to be done. I only hope to have 

convinced the reader that when we take seriously the physical 

nature of a feature like tone, we can be led to many useful 

theoretical insights and unexpected empirical discoveries. 
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