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ABSTRACT

This dissertation proposes a system of a phonological, 

quantitative, and prosodic representation for tone and 

intonation of the KyungNam Dialect of Korean. It gives an 

account of tone underspecification, and the relationship 

between intonational structures and intonation meanings.

At the word level, tone patterns are described by 

phonetic interpolation between a lexically linked high tone 

and a boundary tone. The boundary tone is defined as a non- 

lexical tone which is aligned with the edge of a prosodic 

unit, but not lexically associated with any specific tone

bearing unit. This non-lexical tone is a trigger of declining 

tone shapes from a lexically linked high tone to the 

boundary. The remaining tone-bearing units which intervene 

between the tonally specified tone-bearing units represent 

phonetic interpolation, and remain unspecified for tone even 

at the surface.

However, tone shapes of individual words are not fixed. 

When individual words are used with other words, or with 

different intonation patterns, their tone shapes undergo 

various alternations. In the prosodic representation, these 

diverse alternations, which can be caused by different 

prosodic phrasing, different accent placements, and different 

tunes, are represented by the two tiers: a break index tier 

which marks the degree of connectiveness/juncture between
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adjacent words in speech, and a tone tier which has two tones 

(a high tone and a low tone) associated with boundaries and 

accented syllables. This representation is linguistically 

significant because it conveys much of information which is 

not explainable by syntax and morphology.
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CHAPTER 1 

INTRODUCTION

There are many different ways of saying a monosyllabic word 

like mul 'water'. When it is spoken in isolation, it can be 

said softly or loudly; it can be said with an intonation 

pattern which begins high and ends low, or with one which 

begins low and ends high. When it is spoken with other words 

in an utterance, it can be accented or deaccented; it can be 

grouped together with adjacent words, or separated from them; 

its realization of pitch values can be either lower or higher 

than the accented words in other phrases.

Because of the above variations, I focus on three aims in 

this dissertation: first, to account for a wide variety of 

phonetic variation with simple and constrained phonological 

representation not only at the word level but also at the 

utterance level; second, to find out the best model which can 

account for the quantitative variations in the realization of 

the intonation of the KyungNam Dialect of Korean; and, third, 

to develop a system which can characterize different 

intonation patterns correlated with differences in 

physiological and phonological effects or with differences in 

syntactic, semantic, and pragmatic effects.
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In the chapters that follow, I provide a phonetic examination 

and a proposal to achieve these goals. In Chapter 2, I 

propose that not every tone-bearing unit needs to be 

specified for a specific phonological tone (such as high, 

mid, and low tone) even at the surface phonological 

representation. There are two fixed tone targets: one is a 

high tone lexically linked to a specific tone-bearing unit, 

the other is a non-lexical low tone which is inserted at the 

boundary. The remaining tone-bearing units which intervene 

between the two fixed tone targets do not have to be 

specified for tone even at the surface, and the tone of free 

tone-bearing units represents a simple linear interpolation. 

This proposal contrasts with a fully specified surface 

phonological representation which has been a dominant view in 

Korean linguistic literature, and it has the advantage of 

feature reduction and simplification of rule stipulations 

over the precise mechanism which takes fully specified forms 

to be accurate descriptions of the tone pattern of the 

KyungNam Dialect of Korean (hereafter KNDK).

In Chapter 3, two experiments are conducted, following the 

methods of Liberman & Pierrehumbert (1984). The purpose of 

these experiments is both to determine the answers to some 

qualitative questions - are tones constant in frequency or do 

they increase or decline throughout the utterance? - and also
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to provide quantitative parameters that are relevant to the 

description of the change in frequency. In the first 

experiment, I examine ,.whether the values of tones in a list 

stay at the same level or whether they change throughout the 

list. In this experiment, it is found that there are downstep 

constants and the series of the peaks in a list are in a 

certain successor relation: the realization of peak values is 

position dependent. However, it is also shown that the pitch 

values do not asymptote to zero Hertz as utterance length 

increases: when a pitch value reaches the bottom of the 

speaker's pitch range, it does not drop more than that. In 

the second experiment, I examine both how the values of tones 

are affected by different aspects of the focus in an 

utterance and how declination and focus interact in an 

utterance. In this experiment, it is found that the pitch 

value of an accented word in different phrasal positions is 

not affected by the declination. A word which occurs much 

later in an utterance can have a higher pitch value when 

focused than the preceding unfocused words in the same 

utterance. It is assumed that the cricothyroid muscle 

contracts more to offset the decrease in subglottal air 

pressure. According to the results obtained from these two 

experiments, I consider a variety of quantitative models of 

declination and pitch range and show that there are reasons

to favor one of these models over the others.
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In Chapter 4, I examine various intonation patterns which 

accompany different prosodic phrasing, different accent 

placement, and different tunes. I propose a system, based on 

the ToBI (Tone and Break Index, developed by Silverman et al 

(1992)), in order to represent prosodic features of 

intonation in KNDK. In this system, there are three tiers: a 

segmental tier which is used only for the transcription of 

speech sounds, a tone tier which is marked by two tones 

(phrase tones which are associated with phrase boundaries, 

and pitch accents which are associated with accented 

syllables), and a break index tier which is used as a rating 

for the juncture perceived between adjacent words in an 

utterance.

Finally, in Chapter Five, I summarize the claims that I make 

in the preceding chapters and suggest directions for the

future research.
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CHAPTER 2

TOME UMDERSPECIFXCATXOM AMD XMTERPOLATXOM

2<,1 Xnt reduction

Researchers, such as Huh (1954, 1985), Kim C. (1973, 1983, 

1985a, 1985b), Kim Y. (1966, 1972, 1976, 1986), and Park 

(1979) have studied the tone patterns of KNDK. Two of their 

major concerns have been how to classify words according to 

observed surface tone patterns and how to assign High (H),

Mid (M), and Low (L) tones to each tone-bearing unit of the 

words. Though there is a little difference in classification 

and in description among them, their views have much in 

common. First, they all employ three tones - H, M, and L - to 

characterize the tone patterns of KNDK. Second, they assume 

that every tone-bearing unit bears a specific phonological 

tone, such as H, M, and L. Third, they agree that no L tone 

should be assigned to the last syllable of a word.

However, this chapter provides a phonetic examination and a 

phonological analysis of the tone pattern, motivated by the 

view that a better understanding of the relation between 

phonetic realization and phonological representation can lead 

to a simplification of the theory of phonological features

and rules.
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This chapter is organized as follows. In section 2.2, I 
review the literature on the control of the fundamental 

frequency, and in section 2.3, I note some problems with tone 

description in general. In section 2.4, I propose a phonetic 

interpolation rule and a reduction of the tonal inventory for 

KNDK to two (H and L). Finally, I show that this system 

provides a description of the tone patterns of nouns that 

agree with observed fundamental frequency contours.
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2 o 2 On the Control of Fundamental Frequency

It is generally believed that KNDK is a tone language. The 

term "tone" refers to a particular way in which pitch is 

utilized in language. The acoustic correlate of pitch is 

fundamental frequency (Candour 1978). (Throughout this 

dissertation, I will use the term "pitch" - strictly 

speaking, a subjective measure - and "fundamental frequency 

(F0)" - a physical property - interchangeably.) The 

fundamental frequency means the rate of vibration of the 

vocal cords during voice production (Ohala 1978) . It will be 

necessary to review how the fundamental frequencies are 

controlled before we go into detailed discussion of the 

surface tone patterns of KNDK.

2.2.1 Rises and Falls of F0

There have been a number of phoneticians and speech 

scientists who have done extensive studies on the production 

of fundamental frequency. Their major concern has been to 

determine whether variations of F0 in speech are controlled by 

the laryngeal muscles or by subglottal air pressure. The 

dominant opinion is that pitch is primarily controlled by the 

laryngeal muscles (Ladefoged 1963, Ohman and Lindqvist 1966, 

Zemlin 1968, Ohala 1972b, Atkinson 1973, Ohala and Ewan 1973,
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Ewan and Krones 1974, Maeda 1975, Ship 1975a, 1975b, Kakita 

and Hiki 1976). Among laryngeal muscles (such as, the 

sternohyoid, the thyrohyoid, the sternothyroid, and the 

cricothyroid muscle), the cricothyroid muscle activity was 

found to have the most direct relationship to all major F0 

changes (Katsuki 1950, Faaborg-Andersen 1957, Arnold 1961, 

and Collier 1975). Nevertheless, Lieberman (1967b, 1968,

1977, 1991), and Lieberman and Blumstein (1988) claimed that 

the primary determinant of F0 variation is subglottal air 

pressure.

However, in my view, this mutually-exclusive division of 

labor between the laryngeal muscles and subglottal air 

pressure for the primary determinant of F0 variation is 

unnecessary. The laryngeal muscles and subglottal air 

pressure take different roles. It is widely accepted that the 

rises and falls of F0 in the utterance are primarily caused by 

the cricothyroid muscle, while the slowly decreasing 

subglottal air pressure over the course of the respiratory 

cycle is responsible for the gradually falling F0 contours 

throughout the utterance. Figure 1 and Figure 3 demonstrate 

how the cricothyroid muscle activity and subglottal air 

pressure affect the realization of the F0 when a Dutch 

sentence, "Heleen wil die kleren meenemen" (Helen wants to 

take these clothes along), is uttered in different ways
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Figure 1
F0, cricothyroid muscle activity, and subglottal pressure 
contours for the Dutch sentence, "Heleen wil die kleren 
meenemen". (from Collier 1975).
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(Collier 1975) . In Figure 1, the last two F0 peaks are 

slightly higher than the first F0 peak. The contour of 

subglottal air pressure decreases gradually over the 

utterance without regard to the high F0 of the second and the 

third peak, while the cricothyroid muscle shows more activity 

for the second and the third peaks. If subglottal air 

pressure alone controlled the F0 of the utterance, we would 

get much lowered peaks for the second and the third. We can 

reasonably assume that the cricothyroid muscle activity 

maintains the high F0 of the second peak and the third peak. 

One interesting observation from Figure 1 is that the 

cricothyroid muscle activity increases over the utterance. It 

would be probably because the cricothyroid muscle has to 

contract more to overcome the F0 lowering effect of the 

falling subglottal pressure. In addition to this, the abrupt 

falls of the F0 correlate with an equally abrupt termination 

of the cricothyroid muscle activity, whereas the contour of 

subglottal air pressure does not correspond to the F0 contour. 

As Figure 1 shows, subglottal air pressure does not seem to 

affect the individual rises and falls of F0 much. Based on the 

above fact, we can also assume that the cricothyroid muscle 

activity is responsible for the rises and falls of F0 in KNDK 

as shown in Figure 2.
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Figure 2
F0 contour of the sentence "Ka-ga ka-ra-k'o? (Is it him?) (In 
Korean, apostrophe is used to represent tense consonants, but 
it does not represent accented syllables).

Figure 3 shows downward falling F0 contours over the course of 

an utterance. This phenomenon is given the name "declination" 

by many researchers (Fujisaki 1981, Fujisaki, Hirose, and 

Ohta 1979, Vaissiere 1971, O'Shaughnessy 1976, Sternberg et 

al. 1980, Cooper and Sorensen 1981). In Figure 3, the 

declination of F0 corresponds to the gradual lowering of 

subglottal air pressure. The F0 varies as a function of 

subglottal air pressure as subglottal air pressure varies as 

a function of time over the course of utterance. However, the 

cricothyroid muscle activity is not active for the last half 

of the utterance and is not responsible for the smooth 

declination contours (Collier argued that when F0 is falling 

very gradually, the cricothyroid muscle is not active.).

Based on this evidence, we can also account for the
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declination of KNDK in Figure 4 as a function of the lowering 

of subglottal air pressure.
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Figure 3
F0, cricothyroid muscle activity, and subglottal pressure 
contours for the Dutch sentence, "Heleen wil die kleren 
meenemen". (from Collier 1975).
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Figure 4
Fq contour of the sentence "Omma-ga pab mut-ta" (Mother ate 
rice)

In sum, the contraction and relaxation of the cricothyroid 

muscle activity allows us to use different intonation 

contours to convey different meanings, and the decrease of 

subglottal air pressure causes global declination throughout 

the utterance. To put this another way, intonation contours 

of languages depend on laryngeal muscle activity, while 

declination of F0 depends on change of subglottal air 

pressure. However, it should be remembered that laryngeal 

muscle activity partially depends on subglottal air pressure, 

and vice versa. I .e . , the F0 of phonation is a function of 

both the laryngeal activity and subglottal air pressure.
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2.2,2 Terminal Fall

Lieberman (1991), and Lieberman and Blumstein (1988) argued 

that subglottal air pressure must fall at the end of an 

expiration even though different speakers regulate their 

subglottal air pressure in different manners. In other words, 

subglottal air pressure will fall at the end (the point where 

phonation stops) of an utterance whether a speaker says one 

word or a number of words in one breathing cycle. If 

subglottal air pressure falls at the end of an utterance, the 

F0 will fall to the bottom of a speaker's pitch range as a 

natural consequence - there is no force left to keep the F0 

from falling since the cessation of the cricothyroid muscle 

activity precedes the F0 lowering1, as shown in Figure 1 and 

Figure 3. The fall of F0 to the bottom of speaker's pitch 

range at the end of an utterance will be given the name 

terminal fall throughout this dissertation since the F0 

lowering in this case coincides with the end of the 

utterance.

As we have already seen in Figure 4, the terminal fall of F0 

occurs at the end of a sentence like Omma-ga pab mut-ta 

"Mother ate the rice". However, the terminal fall of F0 in 

this figure is not so distinct, due to the gradual lowering

1 It is widely accepted that subglottal air pressure is more 
closely related to the final lowering of F0 than the cessation 
of the cricothyroid muscle activity.
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of F0 from the middle to the end of the utterance. In order to 

demonstrate the drastic terminal fall of F0, we need to 

examine the tone contours of words whose most prominent 

syllable is on the final syllable of words.

Figure 5 shows declarative F0 contours of three words, each 

spoken in isolation. These words have the most prominent 

pitch on the final syllable and exhibit a drastic terminal 

fall of F0 from the peak to the end of each utterance without 

regard to the number of syllables in a word. If subglottal 

air pressure must fall at the end of an expiration, the 

drastic terminal fall is what we would expect since it takes 

little time for the F0 to drop from the peak of the word to

the end.
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(a) (b)
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(c)
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N
K -160
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-120
-100 1 ladder'

trisyllbic

Figure 5
Declarative F0 contours of each word. The focus of the above 
contours lies in the terminal fall of F0

This type of F0 fall is not unique to KNDK. The terminal fall 

of F0 is also observed in Dutch (Collier 1975), English 

(Pierrehumbert 1980, Liberman and Pierrehumbert 1984), and 

Japanese (Pierrehumbert and Beckman 1989). Moreover, in 

Lieberman's experiment (1991) this type of F0 drop was found



37

in other terrestrial mammals2 which have physiology similar to 

the human subglottal respiratory system. We can reasonably 

assume that the terminal fall of F0 in a declarative utterance 

may be universal since all human have the same respiratory 

system.

2 In Lieberman's experiment (1991), the separation calls 
(calls that infants make when separated from their mother) of 
a squirrel monkey, a macaque monkey, and a human showed F0 
fall at the end of a complete expiration despite different 
average pitches and durations.
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2=3 Issues in Tone Description

In section 2.2, I have reviewed how F0 is controlled 

physiologically. In this section, I examine some fundamental 

issues that lie behind the variations of tone description of 

KNDK across researchers, due to their different views of tone 

description.

2=3=1 Basis of Tone Determination

There are two possible candidates which researchers could 

rely on to assign a specific phonological tone to each tone

bearing unit in the description of surface tone patterns. One 

is the absolute F0 value, the other is relative height of F0 

value within a certain tonal domain.

2 = 3 = 1 = 1 Absolute Fundamental Frequency Value

Kim, C. K. (1975) relied on the absolute F0 values when he 

classified tones into H, M, and L tones. He argued that there 

are 15 different F0 levels between the highest F0 value and 

the lowest F0 value. On a scale of 15, he assigned L tone if 

the F0 values range from 1 to 3, M tone if the F0 values range 

from 4 to 11, and H tone if the F0 values range from 12 to 15.
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Let us begin with possible problems that one could encounter 

when using absolute F0 value as the basis of tone 

determination. First, there is a physiological difference 

between men and women in the production of the fundamental 

frequency. The average F0 of phonation of adult males is 

usually lower than that of females because adult males' vocal 

cords are longer and heavier (Peterson and Barney 1952, 

Hollien 1962). Among subjects who participated in the 

experiments of this dissertation, women subjects' pitch range 

varied from 320 Hz to 180 Hz, while male subjects' pitch 

range varied from 220 Hz to 100 Hz. This is clearly shown in 

Figure 6, in which a female subject shows higher F0 than two 

male subjects for the same word, pam 'chestnut', spoken in 

isolation.

Nx
ou_

-240 
-220 
- 200 
-180 
-160 
-140 
-120 
-100

Subject YHC (male) Subject YJC (male) Subject HRR (female)

Figure 6
F0 contours of pam 'night', produced by two male subjects and 
one female subject.
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Second, a speaker can employ different pitch ranges for the 

same word, as shown in Figure 7, depending on the situation 

one is under. A speaker may use low pitch range when tired, 

sick, or depressed, or when talking at night. A speaker may 

use high pitch range in order to be heard at a distance, to 

show confidence, or to clarify what has just been said. This 

can be easily accomplished by increasing the pulmonary air 

pressure. Though one can increase one's pitch range by more 

contraction of cricothyroid muscle, the primary source of 

increasing pitch range lies in the increase of subglottal air 

pressure (Lieberman, P. 1991). A familiar example is 

shouting. Deep inspiration precedes shouting. Without deep 

inspiration, it is hard to reach the highest values in one's 

maximum pitch range.
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(a) Korean: pa& 1 night'

m 150

Time (ms)

(b) English: Anne

RANGE
OF

PEAKS

From Liberman and Pierrehumbert 
(1984)

Figure 7
Figure (a) and Figure (b) are declarative intonation patterns 
produced on pam 'night' in Korean and Anne in English, 
respectively, with seven different degrees of overall 
emphasis. In both languages, peak values vary widely while 
low values remain almost constant.

Third, there is individual variation of talkers in using 

pitch ranges within the same sex as shown in Figure 6. This 

is because different speakers regulate their pulmonary air 

pressure in different manners (Lieberman and Blumstein 1988). 

This is quite a natural consequence if one can accept 

variation of pitch range even within an individual.
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2 o 3 o 1«, 2 Relative Pitch Values

There is a tendency in the literature to use relative pitch 

values to assign H, M, or L tones to the tone-bearing units 

because of the problems in using absolute F0 values as 

observed above. If there were only three different pitch 

levels at maximum within a tonal domain and a clear cut 

distinction among tone levels, the labeling of each tone

bearing unit could be done very easily and accurately.

However, the assumption that phonological tone codes only 

relative pitch value leads to unnecessarily large tonal 

inventories. For example, Kim, Y. (1986) employed 15 

different tones to describe the difference in pitch across 

words. If he had desired even more precision, he could have 

employed more than 15 tones. If we take Figure 8 for example, 

it is hard to find distinct tone levels, corresponding to 

each syllable. F0 contour in this figure shows rather smooth 

transition from the peak to the edges of this phrase. Even if 

we decide to measure F0 in the middle of each syllable 

duration, there are more F0 levels than available phonological

tones.



43

[ co. tsa][a .cu.

1000

Time (ms)

Figure 8
F0 contours for a.cu.k'a.ri co.tfa 'even castor bean', produced 
by subject YJC. Black dots indicate the points where F0 was 
measured.

If we attempted to classify all monosyllabic words in KNDK in 

terms of relative pitch values, we could also assemble very 

large tonal inventories. If we accepted Kim C.K.'s argument, 

we could get at least 15 different relative pitch ranges 

across monosyllabic words. Classification of even three tones 

- H, M, and L tones - in monosyllabic words based on relative 

pitch values is hard because each monosyllabic word forms its 

own tonal domain when spoken in isolation and because the 

pitch values in each tonal domain may vary according to the 

reasons shown in 2.3.1.1.
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2.3.2 Distinction of Lexical Tone and Eton-Lexical Tone

In previous descriptions of the tone patterns of words in 

KNDK, only lexical tone is considered, and non-lexical tone 

is completely ignored. This section examines properties of 

lexical tone and non-lexical tone, and provides differences 

between the two tones. (Later, we will return to the issue of 

non-lexical tone.)

2 = 3.2.1 Lexical Tone

Lexical tone refers to the use of distinct tone contours, or 

distinct relative pitch values in marking lexical 

distinctions in a language (Pike 1948, McCawley 1978, Beckman 

1986, Tsay 1995). In other words, segmentally identical words 

in a tone language can contrast with one another either by 

different relative pitch values or by different tone 

contours. For example, two phonemes, la, in Black Miao 

(actually the Black Miao language of Ch'ing Chiang Miao: Cf. 

Kwan 1971) have five different tone levels and two different 

tone contours and its meaning differs accordingly.



Table 1 

Tone Contrast of la in Black Miao on the Chao scale (Kwan 
1966) 3 

la 11 

la 22 

la 33 

la 44 

la 55 

la 35 (rising) 

la 51 (falling) 

\ "• ' . 

Gloss 

'candle' 

'to move away' 

'cave' 

'a classifier' 

'short, 

'to squeeze' 

'to. mow' 
l 

In the case of KNDK, there are no monosyllabic words which 
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display contrasts in tone levels. There are, however, a small 

number of words which contrast by tone contours. For example, 

the two segmentally identical words il exhibit different Fa 

contours as shown in Figure 9. The Fa contour in Figure 9a 

shows a falling contour, and its associated meaning is one. 

The Fa contour in Figure 9b shows rise-fall contour and its 

associated meaning is work. 

3 There is another rising tone contour "13" in Black Miao. 

'"' 
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o

Figure 9
Contrastive F0 contours for pam 'night' and pam 'chestnut'

2.3.2.2 Non-lexical Tone

Non-lexical tone refers to the use of distinct tone contours 

in marking different utterance types, such as declarative, 

interrogative, imperative, and so on. The distinct use of 

non-lexical tone in each utterance results in distinct 

intonation contour types, and is not limited to the sentence 

level only. Just as the same sentence can have different 

intonation contour types, so the same lexical item can bear 

non-lexical tone and display different intonation contour 

types. Figure 10 shows three different uses of non-lexical 

tone to accomplish three different utterance types for the 

same word sul 'wine' . The first F0 contour in this figure 

shows a typical declarative utterance contour type which has 

a peak followed by a terminal fall at the end of utterance. 

We can consider the terminal fall as non-lexical tone which

■200
180
160
140
120

100

(a)

200 400.

(b)

200 400 600
[il] "one" [il] 1 work

Time (ms)
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marks the end of typical declarative utterance. The second F0 

contour exhibits a typical interrogative utterance contour 

type which is very low at the beginning and then rises up to 

the end. In this contour, a lexical tone is preceded and 

followed by non-lexical tones which mark the interrogative 

utterance. The last F0 contour in this figure can be used to 

convey incredulity. It has a rise-fall-rise tone contour, in 

which the beginning F0 of the first rise is higher than the 

ending F0 of the final rise. The tonal representation of all 

of these contours will be explored in the next chapter.

(a)
-200 — X.
-180 
-1 60 
-1 40 
-1 20
-100 [3Ul] x -

(b)

[sul]

(c)

■-

. -■

[sul]

Declarative Interrogative Incredulity

Figure 10
Three different utterance types for the same word sul 'wine'
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2,3,3 Interaction of Lexical Tone and E9on-Lexical Tone

In this section, I examine how lexical tone and non-lexical 

tone interact in the realization of tone patterns of KNDK.

When words are spoken in isolation, there is always a 

terminal fall. This terminal fall is defined as a non-lexical 

tone which marks the end of a declarative utterance in the 

above section. This non-lexical tone has been completely 

ignored in previous studies in order to represent lexical 

tones only in the description of the tone patterns of KNDK, 

assuming that the terminal fall is not a property of the 

lexicon. However, there are two questions arising from this 

tendency.

First, is it always possible to separate the lexical tone 

from non-lexical tone in the utterance?

Let us first begin by examining the F0 contours presented in 

Figure 10. In the case of the F0 contour of the declarative 

utterance in this figure, it might seem plausible to assign a 

certain phonological tone only to the peak of the word sul 

'wine'. We may ignore the terminal fall in characterizing the 

tone of sul, assuming that the terminal fall is a universal 

feature of declarative utterance. However, when the second
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and the third F0 contours in Figure 10 are considered, it 

seems almost impossible to separate the lexical tone from 

non-lexical tones which represent interrogative and 

incredulity. There is no way to tell which portion of F0 

contour belongs to lexical tone and what portion of F0 contour 

is responsible for non-lexical tone which represents 

interrogative utterance and incredulity in the second and the 

third F0 contours in Figure 10, respectively. In these F0 

contours, lexical tone and non-lexical tone are inseparable, 

and intentions of each utterance is accomplished by complex 

interaction of lexical tone and non-lexical tone (smooth 

transition of F0 between lexical tone and non-lexical tone.

The second question is whether the terminal fall of F0 in 

declarative utterance is completely ignorable in tone 

description because it only marks the end of declarative 

utterance. Let us examine F0 contours in Figure 11, where 

there is a close interaction between lexical tone and non- 

lexical tone.

Figure 11 exhibits F0 contours of p&.bu.ri bo.da 'than a 

mute' . There is a gradual F0 lowering over the course of the 

declarative utterance. If the terminal fall of F0 was applied 

just to the end of the last syllable in this utterance 

without regard to the number of syllables preceding the last



syllable, we would conclude that the declination was under 

the control of well ordered sequences of lexical tones. 

However, the declination results from the drop of the

50

-200

[bo.da] -[p o .bu.ri]

Time (ms)

Figure 11
F0 contours of po.bu.ri bo.da 'than a mute', produced by 
subject YJC. Black dots, located in the middle of each 
syllable, indicate where F0 was measured.

subglottal air pressure as a function of time, and is not a 

property of lexical tone. Again, there is no way to tell what 

portion of F0 contour belongs to lexical tone and what portion 

of F0 contour belongs to non-lexical tone because the gradual 

lowering of F0 is not a categorial reduction (for example, 

reduction from H tone to Mid tone). This global lowering of F0 

is accomplished by the close interaction of lexical tones and 

non-lexical tones, and the terminal fall of F0 should not be 

ignored in the description of tone patterns of declarative

utterance.
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2,4 A Proposal

In section 2.3, two main issues in tone description were 

introduced. One issue is that neither absolute F0 values nor 

relative pitch heights are absolutely dependable sources of 

tone description; and the second is how to phonologically 

represent the phonetic realization of F0 arising from the 

interaction of lexical tone and non-lexical tone. These two 

issues originate from the wide variety of phonetic variations 

and constrained phonological representation. In order to 

represent a range of phonetic values, we should not employ 

the same number of phonological features. For example, it is 

not practicable to employ seven different phonological 

features to describe the seven different pitch values caused 

by speaker's use of different degrees of emphasis shown in 

Figure 7 because the number of different degrees of emphasis 

a speaker may use is unlimited. It is not practicable either 

to employ six or seven different phonological tones to 

distinguish six different relative heights in Figure 8 and 

seven different relative heights in Figure 11 because there 

is no limit in principle to the number of phonological tones 

that can appear in sequence. These issues thus require us to 

find a way which can appropriately represent unbounded 

phonetic variations with a limited number of phonological

features and rules.
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2 o 4 o 1 High Tone and Boundary Low Tone4

Some researchers, such as, Huh (1954, 1985), Kim C . (1973,

1983, 1985a, 1985b), Kim Y. (1966, 1972, 1976, 1986), and 

Park (1979) use three tones, such as H, M, and L tones, while 

Chung (1986) and Kang (1986) use only two tones, H and L 

tones, in the description of the tone patterns of KNDK. In 

this study, I argue for the use of only H and L tones, 

following Chung and Kang. If one can represent the tone 

patterns of a language with a smaller number of phonological 

tones, there is no need to increase the tonal inventory. 

Increasing the tonal inventory will not alleviate the 

problems pointed out above. Instead, it will bring in more 

suspicions about whether a suggested surface representation 

represents either observed phonetic realization or other 

prosodic types. However, reducing the tonal inventory to a 

single tone would leave us unable to represent the full range 

of phonetic realization.

In the description of tone patterns in word level, I assume 

that only H tone is a lexical tone, and L tone is a non- 

lexical tone. H tone is prelinked to specific tone-bearing 

unit in the lexicon and L tone is inserted at the edges (i.e. 

boundary) of a tonal domain later. In this case, non-lexical

4 Proviso: in this section, we're only examining declarative 
contours.
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L tone is represented with a diacritic mark, (L%), which

indicates that this tone is associated with a boundary of 

utterance, and it will be referred to as a boundary tone 

(Liberman 1975, Pierrehumbert 1980, Pierrehumbert and Beckman 

1989). Since the end of a word is also the end of an 

utterance when the word sul 'wine', for example, is spoken in 

isolation, the terminal low boundary tone, L%, will fall 

exactly at the end of the word. With a lexical H tone and a 

non-lexical L% boundary tone, we can represent the surface 

phonological representation of sul as in (1):

(1) sul 'wine'
I X
H L%

In the surface representation of sul, there is only one L% 

boundary tone inserted at the right edge of the word. As we 

will see in more detail later, there is reason to postulate a 

low boundary tone, L%, word-initially, leading to such 

surface representations as shown in (2) below.

(2) po.ri
/ |\L% H L%

'barley'
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2.4.2 Phonetic Interpolation

In . (1) and (2), there is nothing which intervenes between an 

H tone and L% boundary tones. However, it is possible for a 

number of tone-bearing units to intervene between the tone

bearing units associated with H tone and the terminal L% 

boundary tone. For example, if an H tone is prelinked in the 

lexicon to the peak F0 contour in Figure 11 (page 50) , we can 

insert a terminal L% boundary tone to the edge of this tonal 

domain. Then, as shown in (3), there are three free syllables 

intervening between H and L%. If we use well-ordered 

sequences of static H, M, and L tones, we cannot represent 

the gradually falling contour of Figure 11 properly because 

these three tones are not sufficient to reflect five 

different tone levels in this tonal domain. However, we 

should not employ more tones to represent this tone contour 

because this will lead to unnecessarily large tonal 

inventories.

(3) poburi boda
I XH L%

How then can we represent the interval between the two fixed

tone targets with two tones? Lieberman (1975), and

Pierrehumbert and Beckman (1989) suggest that the tone of
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"free syllable" (tonally unspecified syllable) represents an 

interpolation between those syllables which do have tonal 

specification. It means that intervening syllables between 

the tonally specified syllables do not have to be specified 

for tones even at the surface, and the interval between the 

specified tones is filled in by phonetic interpolation, but

not by phonological rules. For example, if we specify point Xi

as H and point %n as L%, then the slope is a linear

interpolation between fixed tone targets across tonally 

unspecified portions of various lengths.

Figure 12
The slope is a linear interpolation between H and L%.

In order to figure out how well each tone-bearing unit in the 

phrase po.bu.ri bo.da 'than a mute' fits the interpolation 

slope, twenty one repetitions of this phrase were recorded 

and digitized. The black dots in Figure 11 indicate where F0 

was measured. By programming a regression analysis using
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SAS®, shown in Table 2, the output was obtained, shown in

Table 3. The R-squared value (which will be fully explored in 

Chapter Three) in Table 3 indicates that more than 98% of the 

variation in the data is explained by the linear regression 

model. Figure 13 shows that averaged F0 values of twenty one 

recordings at each peak point fall almost exactly on to the 

slope predicted by the model. Another phrase a.cu.k'a.ri

co.tfa 'even a castor-bean' in Figure 14 also shows

interpolation of tonal frequencies between the peak of F0 

contour and the terminal low.



Table 2 s SAS program

options nodate nocenter linesize=70 pagesize=30; 

data proc_reg;

do recod = 1 to 21; 

do pk = 1 to 5 ; 

input f 0 ;

output;

end; 

end; 

cards;

165 153 138 121 104
163 149 135 116 102
160 141 128 117 101
165 146 134 118 106
160 146 130 117 102
163 144 129 114 103
163 145 129 118 101
164 144 129 116 100
165 146 129 116 106
162 150 132 118 100
164 145 129 •115 103
172 149 134 116 100
172 150 132 115 103
160 144 129 114 104
156 142 129 115 102
162 144 129 112 108
164 150 131 117 103
164 147 132 116 100
164 144 129 112 100
164 144 129 117 102
164 145 129 112 101

PROC REG ;

MODEL £0 = pk ; 

run;
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Table 3
Output of SAS program in Table 2

Analysis of Variance

Sum of Mean

Source DF Squares Square F Value Prob>F

Model 1 48944.9 48944.9 5666.961 0.0001

Error 103 889.6 8.6

C Total 104 49834.5

Root MSB 2.93886 R-square 0.9821

Dep Mean 131.73333 Ad] R-•sq 0.9820

C.V. 2.23092

Parameter Estimates

,Parameter Standard T for HO:

Variable DF Estimate Error Parameter=0 Prob > | T |

INTERCEP 1 177.5 0 .67 263 .946 0.0001

PK 1 -15.267 0.20 -75 .279 0.0001
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slope: -15.267150 --

130 -

1 1 0 -

Peak Number

Figure 13
Averaged Fq values of each point fall almost exactly on to the 
slope predicted by linear regression model.

slope: -24.2

[ co.ca ]

1000

Time (ms)
Figure 14
The arrow line is a slope fitted to F0 values between the peak 
of F0 contour and the terminal low.

The above observations lead us to believe that the 

intervening syllables can be left unspecified for tones even
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at the surface because the interval between the two fixed 

tone targets will be filled in by phonetic interpolation. It 

seems neither feasible nor necessary to represent the 

phonetic interpolation between tonally specified syllables as 

resulting from complex process of phonological rules. 
Accordingly, there is no need to add more features to the 

representation given in (3), and it eventually simplifies 

surface representation.

2o4o3 Representation and Rules

In this section, I will show that the surface phonological 

representations can be generated by rule on the basis of the 

following minimal assumptions:

(4) Minimal Assumptions

(a) H tone is prelinked to a specific tone-bearing unit, 

mora (Hyman 1989, Peng 1992), for accented words.

(b) Insert terminal boundary L tone at the end of a

tonal domain - obligatory (as shown in (1), (2), and

(3)) .

(c) Insert initial boundary L tone only if the first 

mora in a tonal domain is unassociated to H tone, as 

shown in (2).
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(d) The tone of free moras represents a phonetic

interpolation between tonally specified syllables.

With the minimal assumptions in (4), we can derive the 

surface phonological representation of the F0 contour in 

Figure 15.

-200
-180
-160
-140
-120

-100

Time (ms)
Figure 15
F0 contour of mi.k'u.ra.ci 'mudfish', produced by subject YJC. 
Dotted vertical lines indicate syllable boundaries.

(5) Derivation of surface phonological representation for 
mi.k'u.ra.ci 'mudfish'

Steps (4a) (4b and c) SR

mi.k'u.ra.ci 

H

mi.k'u.ra.ci

[l [l \l
/ | \

L% H L%

mi.k'u.ra.ci

n n n n
L% H L%

(SR stands for surface representation)
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In the derivation shown in (5), the H tone is prelinked to 

the third mora, and then, an initial low boundary tone and a 

terminal boundary tone are ins~.rted at both edges of the 

word. The shaded column in (5) is the final surface 

representation of mi.k'u.ra.ci. In this representation, the 

second syllable, 'k'u', is not specified for tone. It just 

repres~nts interpolation of tonal frequency between the first 

mora a rid the third mora which have tonal specifications. 

If we take another example from Figure 14, we can get the 

.. . 
surface phonological representat1on as shown in the shaded 

· column in ( 6) . 1 \ 

(6) Derivation of surface phonological representation for 
a.cu.k'a.ri co.lfa 'even a castor bean' 

Steps ( 4a) (4b and c) 

a.cu.k'a.ri co.tf a a.cu.k'a.ri co.tf a 

I I I I I I I I I I I I 
f.1 f.1 f.1 f.1 f.1 f.1 f.1 f.1 f.! f.! f.1 f.1 

I I I \ 
H L% H L% 

In the derivation of a.cu.k'a.ri co.lfa 'even a castor bean', 

the terminal low boundary tone is inserted at the end of the 

postpositioned function word co.lfa 'even' instead of the end 
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of the first word because co.tfa is unaccented and forms a

natural tonal domain with the preceding word (Postpositioned 

function words are unaccented in most cases). The tone of 

unspecified syllables also represent phonetic interpolation

between tonally specified moras. Although we can use a to 

represent rising F0 from the initial L% boundary tone to the 

—>
peak H and /? to represent falling F0 from the peak H to the 

terminal L% boundary tone as shown in (7), I will leave it to 

physics, physiology, and common sense.

(7) a.cu.k'a.ri co.tfa

l a  | $ \
L% H* L%

However, it should be remembered that (4c) is not always 

applicable. If the first mora is associated with an H tone, 

the insertion of initial boundary tone is blocked as shown in

(8)  :

(8) po.pu.ri

* I
L% H*

The initial boundary tone is applicable only if the first 

mora is toneless as in (5) and (6). (The presence of the
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initial low boundary tone is crucial especially to the 

distinction of minimal pairs in monosyllabic words, which 

will be shown shortly).

The surface representations derived from minimal assumptions 

in (4) show inadequacies of the Well-formedness Condition 

(Goldsmith 1976), given in (9), because of at least two 

reasons. First, not every vowel is associated with a tone. 

Instead, unassociated vowels or syllables represent phonetic 

interpolation (violation of (9a)). Second, boundary tones are 

not inserted to a vowel. They are inserted at the boundaries 

and linked to moras only when appropriate (violation of 

(9b)).

(9) Well-formedness Condition (Goldsmith 1976)

(a) All vowels are associated with at least one tone.

(b) All tones are associated with at least one vowel.

(c) Association lines do not cross.

The minimal assumptions in (4) also argue against 

Pulleyblank's default rule (1986), which assigns a particular 

phonological tone to the toneless tone-bearing units at the 

end of phonological derivation, resulting in a completely 

specified surface phonological representation. His default 

rule will work only if the toneless tone-bearing units either
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correspond to the number of default tones or display level 

tone spreading. That is, if there is one toneless tone

bearing unit after derivation, we can assign a default tone,

M tone, for example, to the toneless tone-bearing unit. Or, 

if there is level tone spreading, a default tone can be 

assigned to a toneless tone-bearing unit and it will 

automatically spread to other toneless tone-bearing units. 

However, phonetic interpolation mechanism has clear 

advantages over Pulleyblank's default rule at least in the 

description of the tone pattern of KNDK for the following 

reasons. First, phonetic interpolation needs only two tones,

H and L tones, and it removes M tone from tonal inventory. 

Second, it lightens the burden of phonological stipulations 

to derive fully specified surface phonological representation 

which defines falling or rising F0 contours.
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2 = 5 Description of Ton® Patterns of Bfouns

In the above sections, some problems in tone description were 

pointed out and some alternatives to overcome those problems 

were proposed. In this section, I will focus on the 

description of the tone patterns of nouns, following the 

proposal in (4). However, the derivation of surface 

phonological representation will be left out because it is 

simple and straightforward.

2.5=1 Monosyllabic Bfouns

The description of monosyllabic nouns is controversial, and 

there are variations across researchers. One of the two 

dimensions of variation lies in the number of tones that 

researchers use. For example, researchers, such as. Huh 

(1954, 1985), Kim C. (1973, 1983, 1985a, 1985b), Kim Y.

(1966, 1972, 1976, 1986), and Park (1979) argue that 

monosyllabic nouns can be classified into three groups, while 

Chung (1986) and Kang (1986) argue that monosyllabic nouns 

can be classified into two groups.

In this study, I argue that there are just two tone patterns 

in monosyllabic nouns agreeing with the analysis of Chung, 

but disagreeing in some respects with Kang. One is a peak H 

followed by a fall, and the other is a rise-fall contour.



Let us begin with examination of Hub's data shown in Table 4.

Table 4
Three tone groups in monosyllabic nouns (Data from Huh, 1985)

H sul 'wine' 
mok 'neck' 
k'ot 'flower'

cip 
pat 
k 1 or]

'house' 
'field' 
'bean'

sut 
pe 
ot '

'coal'
pear'
lacquer'

M mul 'water' 
pul 'fire' 
mat 'taste'

pit
pap
cil

'comb' 
'rice' 
'road'

pom
non

'spring' 
'rice paddy'

L il 'work' 
ton 'money'

tol
som

'stone'
'island'

sum
nun

1breath' 
' snow'

Table 4 gives a clear cut distinction of three tone groups. 

However, I doubt if this classification is necessary for the 

following two reasons. First, in this table, lexical tone 

does not play a role in marking a lexical distinction because 

there is no single word which is phonemically identical. If 

all monosyllabic words are phonemically distinct, the F0 

values of each word is not distinctive. For example, 

monosyllabic words of English have various F0 values when 

spoken in isolation as shown in Figure 16, but English 

speakers do not classify these words according to observed 

different F0 values simply because monosyllabic words do not 

contrast with one another solely by different F0 values they

carry.
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300 -

280 -

M
t i  260 -

k  240 -

220 - 

200 -
heed kin boom

Figure 16
F0 values of four monosyllabic words of English, produced by a 
female native speaker MSP

Second, the clear cut classification in this table is not 

always available due to variable factors discussed in section 

2.3.1, such as different pitch ranges, individual variation 

of speakers, too many different F0 levels across monosyllabic 

words, etc.. Thus, I accept Chung's proposal that H tone 

group and M tone group be classified as just one H tone 

group.

The other variation arises from the treatment of L tone.

Chung and Kim Y. argue that an L tone is a rising tone, while 

others argue that it is a level low tone. According to our 

four subjects, all of them showed a rise-fall contour as
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shown in Figure 9b. When the terminal fall is not considered, 

this contour corresponds to Chung and Kim Y.'s rising 

contour. However, it is not clear whether the difference 

between a low level tone and a rising tone results either 

from dialect variation inside KNDK or from individual 

variations. I will not attempt to determine whether the 

difference in the treatment of L tone is from individual 

variations or from dialect variations inside KNDK. I will 

just stick to the observed F0 contours in the description of 

the tone patterns.

Among monosyllabic words, there are some minimal pairs whose 

contrasting meanings depend on different duration and 

different tone contour types as shown in (10). The surface 

representation in (10a) represents a peak-fall F0 contour 

shown in Figure 9(a) (page 46), and the surface 

representation in (10b) represents a rise-fall F0 contour 

shown in Figure 9(b) (page 46). The difference in these 

surface representations lies in the presence of an initial 

boundary tone. Though an initial boundary tone couldn't be 

inserted at the beginning edge of a word in (10a) since the 

only mora is taken by an H tone, an initial boundary tone 

could be inserted to the first mora in (10b) since it is not 

linked to an H tone. Thus, the minimal pairs are 

distinguished by the presence or absence of the initial low 

boundary tone, resulting in different surface
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representations. (Coda consonants are not morale, following 

Kim, N. (1993)).

Using two moras for the monosyllabic words in (10b) is 

motivated by Lee (1979b) to represent the difference in 

duration between minimal pairs. As shown in Table 5, where 

each word in (10) was repeated twenty times by subject YJC in 

order to see how much difference in duration between minimal 

pairs exists, words in (10b), which have a rise-fall contour, 

are longer in duration than the words in (10a), which have a 

falling contour. Studies by Ohala and Ewan (1973), and 

Sundberg (1973) also showed that a rising pitch contour is 

longer in duration than a falling pitch contour. Based on 

this observation, we can assume that the rising tone contour 

within a syllable makes the syllable duration longer and 

leads to the addition of one more mora to the syllable. 

However, this assumption needs to be motivated further and 

this dissertation does not pursue this issue further.



(10) Minimal pairs in monosyllabic words

SR: [1
1 \ 1
H L%

cog 'bell' pe 1 ship'

cul 'line' s'am 'rice wrapped in leaves'

il 'one' sal 'flesh'

kan 1 saltiness' se 'new'

mal 'horse' pyal 'different'

nun 'eye' sol 'pine'

pal 'foot' tarn 'wall'

pam 'night' tol 'birthday'

SR: n |1
/ 1 \

L% H L%

cog 'servant

cul 'rasp'

il ’'work'

kan 1liver'

mal 'speech'

nun ' snow'

pe 'twice' 

s'am 1 fight' 

sal 1 tender' 

se 'bird' 

pyol 'star' 

sol 'brush' 

tarn 'guts'pal 'blind' 

pam 'ches tnut' tol 'stone'
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Table 5
Difference in duration between minimal pairs

Duration (ms)

n Wi Difference (J41 - (1)

cog 263 413 150

1 212 320 107

il 220 423 202

mal 270 390 120

nun 292 481 189

pal 222 367 144

pam 225 324 99

pal 257 356 98

pyug 269 347 78

sal 239 373 134

average 247 379 132

2,5 = 2 Bisyllahic Houns

There are three different tone patterns in disyllabic nouns, 

as shown in Figure 17. (a) and (c) in this figure show a

falling contour, while (b) shows a rise-fall contour. The 

difference in F0 contours between (a) and (c) is that one
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syllable in (a) makes up a peak, while two syllables in (c) 

make up a peak. This difference is also represented in the 

surface representation in (11) and (12). In (11) an H tone is 

prelinked to the first mora, while in (12) an H tone is 

prelinked to both moras so that the peak of each mora makes 

just one peak H.

I (a)
-200
-180 — "i
-,60 ' K
-140 i
120 [3 8. ri] —-100

: (b)

r

'  i X
[po. ri]

-snn ; (c)
:-180 !

-160 ;
-140 ;
-,20 [ e.'mi]
-100

Figure 17
F0 contours of bisyllabic nouns, produced by subject YJC. 
Vertical lines in each contour indicate syllable boundary.
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(11) Bisyllabic words that have similar F0 contours as shown
in Figure 17(a)

SR: (i. |1
1 xH L%

a.re 'below' ka.ul 'mirror'

a.tsl 'son' ko.ke 'neck'

cim.t/i 'Kimchi' ko.ri 'ring'

o.k'e 'shoulder' ku.ram 'cloud'

e.pi 'father' ku.ri 'copper'

ha.nol 'sky' kuk.si 'noodle'

hal.me 'grand mother' ma.nal 'garlic'

hal.pe 1 grand father' ma.ri 'head'

ho.ri 'weist' na.rak 'rice'

i.k'i 'moss' o.nal 'today'

i.pul 'comforter' p'u.ri 'root'

i . ram ' name' pa.nal 'needle'

k'e.mi 1 ant' pa.ta 'sea'

ka.sam 'chest' pa.sat 'mushroom

kak.si 'bride' phi .ri 'flute'

ke.ki 'meat' se.k'i 'cub'

ka.mu 'spider' so.ri 'sound'

ka.phum ' foam' te.ku 'cod'

ka.puk 'turtle' ya.ram 'summer'
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(12) Bisyllabic words that have similar F0 contours shown in 
Figure 17(c)

SR: (X \l
V  \

______H L%______

ca.ri 'seat' 

can.t/i 'feast' 

ci.kom 'now' 

cu.mok 'fist' 

e.mi 'mother' 

ho.pak 'pumpkin' 

k'a.ci 'eggplant' 

k'o.ri 'tail' 

ka.ci 'branch'

Just as the F0 contour of monosyllabic words in (10b) is the 

same as the F0 contour of bisyllabic words in (13), so are 

their surface representations. The only difference is that 

two moras in (10b) belong to one syllable, while each mora in

(13) belongs to each syllable.

ko.mul 'net' 

ko.rim 'picture' 

kol. tji 1 headache' 

mo.ku 'mosquito'

nak. ci 'octopus'

nal. ke 'wing' 

om.ma 'mother' 

so.me 'sleeves' 

su.pak 'water melon'
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(13) Bisyllabic words that have similar F0 contours shown in
Figure 17(b)

SR: |1 H
/  I \L% H L%

a . tJim ' morning' 

al.la 'baby' 

an.ke 'fog' 

coq.ci 'kitchen' 

ci.cip 'woman' 

cim. sag 'animal' 

ol.kul 'face' 

ol.la 'baby' 

im. kom ' king' 

k'a.ce 'crayfish' 

k'a.si 'thorn' 

k 'o .phul 'cover' 

ka.cuk 'leather' 

ka.sl 'fall' 

ka.nal 'shade' 

ki.tug 'pole' 

ko.re 'whale' 

ku.tu 'shoes' 

kul.t'uk 'chimney' 

ma.tag 'yard'

pa.po 'fool'

pa.ram 'wind'

pag.ku 'fart'

pe.c 'ag 1guts'

po.pe 1 treasure'

po.ri 'barley'

po.san 'Korean socks'

sa. ram 1 human'

sa.rag 'love'

ss.ul 'capital'

so. karri ' salt'

ta.ri 'leg'

tam. pe 'cigarette'

tan. phug ' maple' 

tan. tju ' button' 

to.cag 'seal' 

to.tji 'ax'

to.tuk 'thief' 

tu.ci 'wooden box' 

u.pak 'hail'
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There are three different tone patterns in trisyllabic nouns, 

as shown in Figure 18. (a) displays a falling contour from

the first tone-bearing unit, (b) displays a rise-fall

contour, and (c) shows a rise-plateau H followed by a fall.

2.5.3 Trisyllabic Nouns

-200
-180
-160
-140
-120

[ka.mu.ri]-100 [me. na ri]

-200
-180
-160

-120

-100 [se.da.

Figure 18
F0 contours for trisyllabic nouns, produced by subject YJC. 
Vertical lines in this figure indicate syllable boundaries.

In the surface representation of (14), the free tone-bearing 

unit, the second mora, represents interpolation between an H 

tone and a L boundary tone.
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(14) Trisyllabic words that have falling F0 contours shown in
Figure 18(a)

SR: |A |A |1
I \H L%

a.ci.me 'aunt'

ha.re.pi 'grand father'

ka.mu.tji 'mullet'

ka.o.ri 'stingray'

ko.to.rom 1icicle'

me.no.ri 'daughter-in-1

ka.ma.i 'straw mat' 

mu.ci.ke 'rainbow'

0. re.pi 'brother'

01. t/eg.i 'tadpole' 

pol.t'e.ki 'cheek'

' pa.pu.ri 'mute'

In the surface representation of (15), an H tone is prelinked 

to the second mora, and boundary L tones are inserted at the 

both edges of the word. F0 rises from the initial L boundary 

tone to the peak H, and then, falls to the terminal L 

boundary tone. This surface representation represents a rise- 

fall contour, and this is the most common tone pattern in 

trisyllabic nouns.
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(15) Trisyllabic words that have rise-fall F0 contours shown
in Figure 18(b)

SR: (1 |1 |1
/ I \L% H L%

a.pu.ci 'father' 

c'ul.ko.ri 'string' 

com. cog.i 'fortune teller' 

cul.ko.ri 1 string' 

do.ra.ma 'drama' 

o.kom.ni 'molar' 

k'a.ma.ku 'raven' 

k'a.pul.i 'stingray' 

k'a.thu.ri 'pheasant hen' 

k'al.k'u.ri 1 rake' 

k'e.ku.ri 1 frog' 

k'o.ne.k'i 'string' 

k'o.ra.ci 'form' 

ka.si.ke 'scissors' 

ka.si.na 'girl' 

kag.ci.ri 'bamboo basket' 

ko.mu.ri 1leech' 

kol.peg.i 'beggar' 

ki.ci.ke 'stretch'

me.ro. tjr 1 anchovy' 

me.t'u.ki 'grass 

hopper'

mi.na.ri 'parcely' 

mo.ka.ci 'neck' 

no.ku.ri 'raccoon' 

o.t'u.ki 'tumbler' 

p ' eg.a .ri 'chicken' 

p'on.te.ki 'pupa' 

p'i.tul.ki 'dove' 

pol.ko.ci 'bug' 

pol.ko.ci 'bug' 

pu.si.rom 'abscess' 

s'o.ka.ci 'personality' 

sa.ma.ku 'mole' 

sa.thu.ri 'dialect' 

sog.a.ci 'calf' 

tag.na.ku 'donkey' 

tog.ko.ri 'bulk
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In the surface representation of (16), an H tone is prelinked 

to two moras and represents a peak H shared by the two tone

bearing units. (It is hard to derive this surface 

representation in terms of H tone spreading either from left 

or right because there are too many exceptions). We can 

assume that an H tone prelinked to the two moras represents 

the underlying OCP (Obligatory Contour Principle) effect 

since the OCP does not allow identical elements to occur next 

to each other. If we assumed that the H tone were not 

prelinked to two moras, the realization of peak height in 

each H toned mora would be different as is the often the case 

with compounds of two H toned monosyllabic words. (When a 

high toned monosyllabic noun sul 'liquor' compounds with a 

high toned monosyllabic noun cip 'house', the tone of sul in 

sulcip 'liquor saloon' is realized much lower than that of 

cip) .

(16) Trisyllabic words that show similar F0 contours shown in
Figure 18(c)

SR:
/ \/ \

L% H L%

co. tho . rag ' armpit'

cin.tal.le 'azalea' 

k'u.ci.rom 'scolding'

se.ta.ri 'ladder' 

u 1. tha . r i ' boundary'
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There is only one tone pattern in quadrasyllabic words among 

other possible patterns (It is unknown why there is just one 

tone pattern in quadrasyllabic words and why there are not 

many quadrasyllabic words). The F0 contour in Figure 19 rises 

gradually to the third syllable, and then, falls to the 

terminal low. In the surface representation of (17), the 

second mora represents phonetic interpolation between an 

initial boundary L tone and H tone.

2.5.4 Quadrasyllabic Nouns

-200
-180
-160
-140
-120

-100

Figure 19
An F0 contour for quadrasyllabic noun, produced by subject 
YJC. Vertical lines indicate syllable boundaries.
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(17) Quadrasyllabic words that have a rise-fall F0 contour as
shown in Figure 19

SR: |1|1 (1(1
/ I \L% H L%

a.cu.k'a.ri 'castor-bean' 

ho.pu.re.pi 'widower' 

ko.som.to.t/i 1porcupine' 

moq. toq.ku.ri 1 fool' 

mi.k'u.ra.ci 'mudfish' 

phal.laq.ke.pi 'pinwheel' 

t'ak.ta.ku.ri 1woodpecker' 

tu.ru.ma.ki 'overcoat' 

tu.ti.ri.ki 'rash'

Quadrasyllabic words provide good examples which show the 

surface tone realization is not affected by vowel quality. In 

(17), every word ends with a high vowel [i], but it is never 

realized as an H tone. Instead other lower vowels in the 

third syllable are realized as an H tone. This is also 

observable in Figure 17 and Figure 18, where a high vowel [i] 

is not realized as an H tone. This indicates that the locus 

of an H tone is lexically determined, and it is not affected 

by vowel quality.
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In the preceding sections, every possible tone pattern of 

nouns is represented in terms of a lexical H tone and non- 

lexical L% boundary tones. Table 6 shown below summarizes the 

tone patterns of nouns in KNDK.

2.5.5 Summary of Tone Patterns

Table 6. Summary of tone patterns of nouns
Monosyllabic nouns (two tone patterns)

CT G
| / \
V Li Li
| \ /  | \
H L% L% H L%

Bisyllabic nouns (three tone patterns)
G  O G  G G  G

g LI
1 \

1 1 
Li Li

1 1
Li Li

V  \ /  | \H L% H L% L% H L%
Trisyllabic nouns (three tone patterns)

G  G  G G  G  G G  G  G

[L [L [l Li Li Li Li Li Li
| \ /  1 \ /  \ /  \
H L% L% H L% L% H L%

Quadrasyllabic nouns (one tone pattern)
G  G  G G
1 1 1 1
Li Li Lig
/  1 \L% H L%
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2 «6 Conclusion

In this chapter, it has been shown that the tone patterns of 

KNDK are describable without using a mid tone in terms of 

phonetic interpolation between a high tone and a boundary low 

tone. In this description, a high tone is lexically linked to 

(a) specific tone-bearing unit(s), a terminal boundary low 

tone is inserted at the end of an utterance, and the tonally 

unspecified tone-bearing unit(s) represent(s) a simple 

interpolation between the two fixed tone targets.

This phonetic interpolation mechanism has three obvious 

advantages over the fully specified tone description. First, 

it reduces the tonal inventory to two: one is a lexically 

linked high tone, the other is a boundary tone. Second, it 

removes unnecessarily complicated rule stipulations and 

features in order to represent unlimited phonetic variations. 

Third, a lexically linked high tone provides a potential 

locus of intonational nucleus in an utterance. Since the 

potential locus of the intonational nucleus is limited only 

to the syllable which has a lexically linked high tone, no 

other syllables can have intonational nucleus (which will be 

fully explored in Chapter Four). Moreover, a boundary tone, 

which is not lexically defined/linked, allows us to describe 

different tunes in utterance level.
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CHAPTER 3

MODELING QUANTITATIVE VARIATION

3,1 Introduction

The previous chapter shows how interpolation can be used both 

to reduce the postulated tonal inventory for KNDK, but also 

to make more accurate phonetic claims about the relation 

between phonological tones and the actual course of F0 values. 

In this chapter, I pursue the second of these themes by 

investigating declination phenomena.

Pierrehumbert (1980), and Liberman and Pierrehumbert (1984) 

reported that in English there is a gradual downdrift and 

narrowing of the pitch range, which occurs either within the 

intonational phrase or over the course of utterance: this 

phenomenon is given the name "declination". This declination 

has also been studied by other researchers in various 

languages: Thorsen (1980) for Danish, 't Hart and Cohen 

(1973) for Dutch, Vaissierre (1971) for French, Fujisaki, et 

al. (1979), Pierrehumbert and Beckman (1989) for Japanese, 

Bruce (1977) for Swedish. KNDK is not an exception to this 

trend, as we will see shortly.
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However, the gradual lowering of the pitch range can be 

interrupted by the different aspect of the focus in the 

utterance. For example, if the second noun phrase of the 

sentence has a primary focus in the dialogue, the F0 of the 

second noun phrase can be higher.

In this chapter, I describe the experiment materials and 

procedures to be used, and I introduce quantitative models 

for the phonetic realization of the declination and of the 

interaction of declination with pitch prominence in KNDK.



87

3 o2 Declination 

3 = 2 „ 1 Experiment

This experiment was designed to see how the declination is 

realized in the different length of the utterance, to see if 

the F0 value throughout the utterance changes in a predictable 

way, and if so, to find out the best quantitative model which 

fits the declination. Studying the declination pattern would 

allow us to address possible position dependent effects 

inside a single intonational phrase or throughout the 

utterance. We can also look for similarities and differences 

between English and KNDK since the experimental method is 

similar to that of Liberman and Pierrehumbert (1984): their 

experiment involves downstepping - iterative shrinking of 

pitch range - contours on five different lists of berry 

names, and the result shows that the F0 of following berry 

name in the list is a constant fraction of the F0 of the 

preceding berry name.

3 o 2„1,1 Materials

Five different names of trees were used to produce the 

declination of F0 throughout the utterance as shown in Figure 

20. The list length varied from two to five and the pitch
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range remained the same. The tree names were drawn from the 

set cay .mi . na .mu ' rose tree', o.doij.na.mu 'paulownia tree', 

erj.du.na.mu 'cherry tree', sa.ga.na.mu 'apple tree', and 

pho.do.na.mu 'grape tree'. Order of each word was permutated 

to have all words equal importance in the list and to 

minimize possible semantic effects, and consonantal 

influences on F0.

- 180.0

- 160.0

- 140.0

- 120.0 •  X

- 100.0

900.0 1700.0 2500.0 3300.0 4100.0 ms
Time (ms)

Figure 20
An F0 contour for the tree list car) .mi .na .mu ' rose tree', 
o.doij.na.mu 'paulownia tree' , erj.du.na.mu ' cherry tree', 
sa.ga.na.mu 'apple tree', and pho.do.na.mu 'grape tree', 
showing the declination of F0 throughout the utterance.

3.2.1.2 Procedures

A woman and a man participated in this experiment. Both were 

native speakers of KNDK. Each subject was given a stack of 

note cards with a list of two to five tree names. The desired 

intonation pattern was demonstrated to subjects and they were 

instructed to begin each list with roughly the same pitch. If
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subjects were just asked to say the words in the list without 

a demonstration of the desired intonation pattern, the pitch 

contour that we could have obtained would be just like Figure 

21, where the peak F0 value of each word is almost the same 

throughout the utterance.

o

■ 180.0 
■ 160.0

■ 140.0

■ 120.0 

- 100.0

__________900.0 1600.0 2500.0 3000.0 3700.0 ms

Time (ms)
Figure 21
An F0 contour of five different tree names, produced without 
any instruction to subjects.

The other sources of variation in each experiment were 

restricted in order to keep the task manageable and the 

ability of subjects to produce the desired intonation pattern 

naturally was examined before the beginning of actual 

recordings.

Audiotaped recordings were made in a sound treated room and 

audiotaped words were recorded into the computer. The 

recorded utterances were digitized and F0 contours were 

extracted using Signalyze™.
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Recall that each tree name has the form ccr + namu. Since the

syllable na in namu is the syllable associated with the 

word's H tone, the peak F0 value was measured and associated 

with word as a whole. The fixed position of the most 

prominent syllable is very helpful in examining the 

positional variation of F0 values because the position of the 

highest F0 in each word remains the same. If the position of 

the F0 peak in each word varied, it would be hard to study the 

positional variation of F0 in the list: suppose that the F0 

peak of the third word in the five-word list is in the fourth 

syllable of the word, and the F0 peak of the third word in a 

different five-word list is in the first syllable of the 

word; then the measured F0 of the former would be lower than 

the latter because the impact of declination would be greater 

on the fourth syllable of the word than the first syllable of 

the word at the same position of the list. The F0 values in 

each tree name are not affected much by consonants because 

word-internal consonants are voiced.

3,2,2 Results % Declination is position and length 
dependent

Figure 22 and Figure 23 show the results of the experiment 

from two subjects. The x-axis in these figures shows the peak
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position in the list from the first, and the y-axis shows the 

F0 in Hz. The lines running through the plotting points in 

each figure is called a trend line, or a regression line.

Each regression line in these figures indicates different 

length of the list, and plotting points on each line shows 

the average F0 values of the peak of tree names at different 

positions of the list. The plotting point A is used for two- 

word list, □  for three-word list, 0 for four-word list, and x

for five-word list.
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170 --

160 --

150 --

-w 140 ■ -

130 --

120 - -

110 - -

Peak Number
Figure 23
Declination Data for subject YJC

As all the regression lines in these figures show, the F0 

decreases as the position of the peak nears the end of the 

list. The F0 of the second peak is lower than the F0 of the
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first peak, and the Fa of the third peak is lower than the Fa 

of the second peak, and so on. If we take five-word list for 

subject MRR for example, the averaged Fa value of each peak, 

counting from the first peak in the list, is 276 Hz, 243 Hz, 

220 Hz, 210 Hz, and 189 Hz, in sequence. The Fa of each peak 

decreases as the position of the peak moves to the end of the 

list. This is well illustrated in Table 7, in which mean Fa 

(in Her~z) is the averaged value of 20 measurements for each 
j 

list. 

Table 7 Mean Fa (Hz) for each peak 

Two-word List 229 190 

Three-wo::rd List 241 218 187 

Four-word List 258 222 208 190 

Five-word List 276 243 220 210 189 

Two-word List 157 117 

Three-word List 164 136 116 

Four-word List 167 153 136 119 

Five-word List 172 154 138 128 116 

At this point, we can say that the Fa value of each peak is 

position dependent. That is, as a peak is closer to the first 
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peak of the list, the F0 of the peak is higher than the F0 of 

following peaks, if any. However, it should be remembered 

that the F0 of the second position, for example, in the list 

would vary depending on the length of the list. That is, the 

F0 of the second peak in the three-word list would not be the 

same as the F0 of the second word in the five-word list. The 

F0 of the second peak in the two-word list would not be higher 

than the F0 of the third peak in the five-word list, either. 

For example, the F0 of the second peak in the three-word list 

is 25 Hz lower than the F0 of the second peak in the five-word 

list, as shown in Table 8 for subject MRR. The biggest 

difference occurs when we compare the second peak of the 

five-word list and of the two-word list.



96 

Table 8 

Differences (in Hz) between means of different list lengths, 
by position, counting from the first to the last. The numbers 
in the first column represent the lengths of the two lists 
being compared. 

5 - 4 18 21 12 20 

5 - 3 35 25 33 

5 - 2 47 53 

5 - 4 5 1 2 9 

5 - 3 8 18 22 

5 - 2 15 37 

~~- 1, , . 

The situ~tion would not be very different, even if we count 

the position of the peak from the end of the list. The F0 of 

the penultimate peak in the five-word list would not be the 

same as the F0 of the penultimate peak in the three-word list. 

In most cases, the F 0 of the penultimate peak in the three-

word list would be higher than the F0 of the penultimate peak 

in the five-word list, as shown in Table 9. If we take 

subject MRR example, the F0 of the penultimate word in the 

three-word list is 8 Hz higher than the F 0 of the penultimate 

word in the five-word list. 
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Table 9 

Differences (in Hz) between means of different list lengths, 
by position, counting from the last to the first. The numbers 
in the first column represent the lengths of the two lists 
being compared. 

5-4 -1 2 -2 -15 

5-3 2 -8 -21 

5-2 -1 -19 

5-4 -3 -8 -15 -13 

5-3 0 -8 -26 

5-2 -1 -29 
l:,~.;.r~J 1, , ' 

Now, it became clear that the Fa value of the each peak is not 

only position dependent in the list but also length 

dependent. This view is also supported by the Fa of the first 

peak in each list. As the number of the word in the list 

increases, the starting Fa value, which is the Fa of the first 

word in the list, increases accordingly. This tendency is 

also observed in English (Liberman and Pierrehumbert 1984). 

In addition to these interesting observations, there is 

another point that draws our attention. The peak Fa of the 

last word in each list shows little variation in pitch value. 

The number of words in the list and the starting pitch value 
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of the first word in the list have no effect. To accurately 

define the degree of variation in pitch, we can use the 

standard deviation which indicates the typical amount by 

which values in the data set differ from the mean. We can get 

the standard deviation by the following formula: 

(18) s 
n-1 

where s is standard deviation, n is the number of occurrences 

and d is the difference between each actual value and the 

mean value. The standard deviations shown in Table 10 were 

retrieved by the formula in (18), and they were obtained from 

all of the starting F0 values and all of the last F0 values in 

all different list lengths. As we predicted, the standard 

deviation of the starting F0 of each list is much greater than 

that of the last F0 peak - the standard deviation of all of 

the last peaks in each subject is less than 2 and greater 

than 1, whereas the standard deviation of the all of the 

first peaks is 17.43 Hz and 6.22 Hz for the subject MRR and 

YJC, respectively. The fact that the F0 of the last peak does 

not vary much without regard to different list length 

contrasts with Liberman and Pierrehumbert's (1984) report on 

-· 
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English, where the peak F0 of the last word in shorter list is 

higher than that of the last word in longer list.

Table 10
Standard deviation for the first peaks and the last peaks

Subject Standard Deviation

The First Peak The Last Peak

MRR 17.43 1.59

YJC 6.22 1.27

3.2.3 Quantitative Model

As shown in Figure 22 and Figure 23, each line connecting 

plotting points forms different falling contours. The line 

for the two-word list is a straight line and the line for the 

five-word list is a curved line that is a concave upward. As 

the number of words (length) increases in the list, the 

trendline moves closer to a curved line from a straight line. 

As the intervening numbers of the word between the first peak 

and the last peak in the list increase, the slope of the 

trendline becomes less steep and the difference in F0 between 

adjacent peaks becomes smaller and smaller. For example, the 

slope of the three-word list is steeper than that of five- 

word list, and the F0 difference between adjacent peaks in the
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three-word list should be larger than the F0 difference 

between adjacent peaks in the five-word list. The fact that 

the contours of each trendline and the slopes of each 

trendline are different among different list lengths leads us 

to believe that we need different quantitative models for 

each trend line in order to explain the different trends of 

declination. Then, it would be very intriguing if we can find 

out whether the F0 value in each regression line decreases in 

a predictable way, what type of a model best fits each 

trendline, and how much a selected model can explain the 

downward trend in F0 throughout the utterance. The following 

section will seek the answers to these questions.

3„2 o 3„1 Possible Models for Each Trendline

As illustrated in section 3.2.2, there is a relationship 

between the peak number and the F0 of the peak: the F0 values 

on the y-axis in Figure 22 and Figure 23 decrease as the peak 

number on the x-axis increases. Regression analysis is 

suitable for the task to find out the relationship between 

the peak number and the F0 value of the peak since regression 

analysis shows the relationship between one variable and 

another set of variables.
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If we assume that a regression line, which is a trendline, is 

a straight line, there should be a linear relationship 

between x and y . If the trend is curved, there is a 

curvilinear relationship between x and y . When there is a 

linear relationship between x and y, the regression line can 

be represented by a linear equation of the form:

(19) yi = |30 + PiXi

where is the response variable, x. is a regressor variable, 

and |30 and are unknown parameters to be estimated. The two

constants |30 and ^  in the equation determine the location and
the slope of the line. The constant P0 is the intercept, that

is, the value of y when the line crosses the vertical axis 

(y-axis). The constant is the slope of the line, that is,

the change in y that corresponds to a one-unit increase in x. 

We will name the formula in (19) a straight line model.

When there is a curved relationship between x and y, we can 

use either one of the following equations:
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(20) y = pe"*

where x is a variable, j8 and b are constants, and 2<e<3,

or

(21) y = Pxp

where x is a variable, /3 and p are constants, and p < 0.

Unlike a linear regression model, a curved model is 

complicated and there might be other possible models.

However, two possible equations - the exponential equation in 

(20) and the power equation in (21) - are explored in the 

present study. The difference between the two equations is 

that the curve produced by the power equation is more concave 

upward than the curve produced by the exponential equation.

We will name the equation in (20) an exponential model, and 

the equation in (21) a power model. Now that we have three 

models to compare, the next task is to apply these models to 

the actual data and to find out a model which fits the data 

best.

Let us first start with a three-word lj,st. Figure 24 shows 

three prediction lines for a three-word list of subject MRR.

A solid line crossing plotting points 0 represents a straight
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240

230 --

k  210 --

200 - -

190 --

Peak Number
Figure 24
Each line is the prediction line produced by three different 
models for three-word list for subject MRR, and black circles 
are actual pitch values

line produced by the straight line model, the dotted line 

crossing plotting points D represents an exponential curve 

produced by exponential model, the dotted line crossing 

plotting points x represents a curve produced by power model,

and unconnected • plotting points represent actual data points
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for each peak. When we look at the three lines produced by 

three different models, we can tell that power model is not a 

suitable prediction model since the second predicted point is 

the farthest from the actual data point. However, it is very 

hard to decide which model best fits the actual data points 

"by eye" between the straight line model and the exponential 

model. To resolve this problem, we need to rely on the R2 

value, which is an indicator of how much of the variation in 

the data is explained by the model. It is defined as:

(22)

where

2 ^ 2-(2Ltr)2][«Zy2- ( l r ) 2]

-1 < r < 1.

In other words.

(23)  r = r(X,Y)
___________________ COV(X,Y)___________________
Standard Deviation of X times Standard Deviation of Y

The size of r can range from +1 through 0 to -1. r = 0 means 

that there is no relationship between the variables we are 

interested in measuring. If r between two variables is +1 or 

-1, this means that a perfect relationship exists between
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these two variables. When r is squared, the size of r can 

range from 0 to 1. If r is closer to 1, it predicts the 

relationship better between the two variables. R squared 

values in Table 11 shows that the exponential model and the 

straight line model in each subject are almost perfect models 

for the three-word list. For subject MRR, the straight-line 

model is marginally (0.01) better than the exponential model 

for su~ject MRR. For subject YJC, the exponential model 

predic t s the data 0.003 ~bette~ than the straight line model. 

For each subject, it would be fine to use straight line model 

for the best prediction model ~ for three-word list for each 

subject 
1 ' 

Table 11 

R squared values and equations of each prediction model for 
three-word list 

Equation 

Subject MRR 

Exponent 276.64e -0.128x 0.98 y = 

Power y = 244.81x 0.93 

Subject YJC 



106 

because the difference between the two models is not 

statistically significant and because there is a linear 

relationship between the F0 values of peaks and peak numbers. 

Figure 25 shows three prediction lines for four-word list of 

subject MRR. A dotted line crossing plotting points 0 

represents a straight line produced by the straight line 

model, a dotted line crossing plotting points D represents an 

exponential curve produced by exponential model, a solid line 

crossing plotting points x represents a curve produced by 

power model, and unconnected plotting points • represent 

actual data points for each peak. As we can see in this 
,.-..... ·1~,-·--\ 

figure, the power model predicts the data best and its R 

squared value in Table 12 is the highest among the models. 

However, subject YJC shows quite a different result. The 

power model has the lowest R squared values and it turns out 

to be the worst model. Instead, the straight line model best 

predicts the four-word list. Though it seems fine to use the 

exponential model for four-word list for this subject, we 

will adopt the straight line model for the reason just 

mentioned. 
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Figure 25
Each line is the prediction line produced by three different 
models for four-word list for subject MRR, and black circles 
are actual pitch values
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Table 12 

R squared values and equations of each prediction model for 
four-word list 

Model Equation R 

Subject MRR Straight y = 21.789x+274.14 0.95 

Exponent y = 279.05e 0.97 

Subj ec:;t YJC 

Power y = 172.04x 0.92 

So far, we tested each prediction model for three-word list 

and four~word list, and we found out that the straight line 

model is the most suitable model for each different list 

lengths except the four-word list for subject MRR. Now, we 

examine if the straight line model is still the best model 

for the five-word list. 

Figure 26 shows three prediction lines for five-word list of 

subject MRR. Plotting points are used in the same manner as 

in other figures~ Ofor stFaig~t line model, D for 

exponential model, and x for power model. It is hard to tell 



109

Peak Number
Figure 26
Each line is the prediction line produced by three different 
models for five-word list for subject MRR, and black circles 
are actual pitch values

by eye which model best fits the actual data points. If the 

fifth peak had not been considered, the power model could 

have been the best model for the five-word list. However, due 

to the final fall of the fifth point (The power model 

predicts the fifth peak 6 Hz higher than the actual fifth 

peak (189 Hz)), the exponential model predicts the five-word 

list best for both subjects as shown in Table 13. If this is
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the case, it would be easy to obtain each peak value in the 

list once we get a downstep constant (a constant which 

determines the successor relation among peaks in a series) of 

the list. Since the peaks following the first peak in the 

exponential model is a constant fraction of the immediately 

preceding one, we can get a downstep constant by dividing the 

following peak value by immediately preceding peak value as 

shown below:

(24) C = Xi + 1 
Xi

where c is a downs tep constant less than 1.

The downstep constants, obtained from equation in (24), for 

subject MRR and subject YJC are 0.91 and 0.90, respectively, 

in the five-word list. In order to obtain F0 value of the 

second peak, for example, all we have to do is multiply the 

downstep constant by the first peak.
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Table 13 

R squared values and equations of each prediction model for 
five-word list 

Model Equation R 

Subject MRR Straight y = -20.62x+289.67 0.96 

Subjec;t YJC Straight y = -13.675x+182.58 0.98 

l ' 

So far, we examined different list lengths except two-word 

list. The two-word list was excluded from consideration 

because the two-word list would not tell us whether it would 

fit to the straight line better or to the curved line better. 

That is, if there is only two data points in the graph, 

either a straight line or a curved line can cross the second 

data point, giving us the 100% predictability by either 

model. 
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3 = 2 = 3 o 2 Estimating the Fifth Peak

In the previous section, the best quantitative model for each 

list was examined. In this section, I examine how accurately 

a model obtained from F0 values of the first four peaks or the 

first three peaks in the five-word list can estimate the F0 

value of the fifth peak.

Let us first estimate the fifth peak values using the first 

four peaks in the five-word list. To do this task, we need to 

obtain equations for each model using the first four peak 

values, and then, we can estimate the fifth peak values from 

the equations. The plotting point x in Figure 27 is the F0 of 

the fifth peak obtained from the power model, and the point 

is 6 Hz higher than actual F0 value of the fifth peak. The

plotting points 0 and □ are 187 Hz and 189 Hz, respectively,

and they were obtained from the straight line model and 

exponential model, respectively. The fifth peak value 

predicted from the exponential model is the same as the 

actual F0 of the fifth, 189 Hz. Here again, the exponential 

model turned out to be the best model for the five-word list.
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Peak Number
Figure 27
Plotting points 0, □, and X are predicted values from each 
model using the first four peak values in the five-word list. 
Black dots are actual peak values.

Since it is proved that the exponential model which best fits 

the five-word list is also the best model which predicts the 

fifth peak value using the first four peaks, let us examine 

which quantitative model best estimates the fifth peak in the 

five-word list from the first three peak values.
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Plotting points 0, □, and x in Figure 28 shows the predicted

values from each model. There are more than 10 Hz difference 

between the actual pitch value and the predicted values. This 

result tells us that it is not plausible to use first three 

peak values to predict the fifth peak values in the five-word 

list.

230

k  210

200 Hz
189 Hz

175 Hz
164 Hz

Peak Number
Figure 28
Plotting points 0, □, and X are predicted values from each 
model using the first three peak values in the five-word 
list. Black dots are actual peak values.
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Table 8 is a summary of the predicted F0 for subject YJC. In 

this table again, the F0 (115 Hz) predicted from the 

exponential model from the first four peaks is the closest to 

the actual F0 value (116 Hz) . And it is also shown that 

predicted F0 using the first three peak values significantly 

deviates from the actual peak value.

Table 14
The F0 of the fifth peak predicted from the first four peaks 
and the first three peaks in the five-word list

Subject YJC F0 predicted from F0 predicted from

the first four the first three

actual F0: 116 Hz peaks peaks

Straight line Model 111 103

Exponential Model 115 110

Power Model 127 126

In this section, it is shown that quantitative models 

obtained from the first three peak values in the five-word 

list predict the fifth peak very poorly. This is because the 

trendline moves upward from the fourth peak in the five-word 

list, while the first three peaks fall in a linear regression

fashion.
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3.2.4 Conclusion

So far, it has been shown that the peak value over the 

utterance can be affected by the position of the peak and 

length of the utterance, and the choice of quantitative 

models is dependent on the different list lengths. If we do 

not find the best quantitative model, it would be hard to 

find out the peak value at a particular position of the 

utterance. To obtain the best quantitative model, we need 

peak values at each position in the utterance and a downstep 

constant. Once, we get these values, we can tell which model 

is the best model and how much actual peak values deviate 

from the predicted values by the model. In this framework, 

the realization of the peak values didn't depend on the 

reference line. In Liberman and Pierrehumbert's study (1984) 

of English, the F0 values for peaks are specified in terms of 

distance above a reference line. The distances of H tones 

above the reference line can vary because of declination. The 

effect of declination is as follows:

(25) Xi+1 = r + c(X. - r)
where c is the downstep constant, less than 1, and r is
reference line.

They suggest that knowledge of any one of the peak F0 

measurements in a given utterance allows us to predict all of
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the other peak F0 measurements in that utterance. However, 

there are two questions arising from this statement. First, 

how can we get a downstep constant without knowing which 

model will best fit the data? The downstep constant they used 

was based on the assumption that the declination is an 

exponential decay. As shown in the preceding sections, we 

cannot tell which model would best fit until we test all 

possible models. Depending on the model, the downstep 

constant would be different. Second, the high-tone value and 

the reference line can vary independently as shown in 

Pierrehumbert and Beckman (1989), which makes it very 

difficult to determine a reference value r. If we try to 

predict the peak values using the equation in (25), it will 

result in gross error as shown in Table 15. The predicted F0 

values are much higher than actual values. Accordingly, the 

fifth data point in the five-word list falls below the value 

predicted by their model in Liberman and Pierrehumbert's 

study (1984) of English. However, the values predicted from 

our model show only a small amount of error, as displayed in

Table 16.
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Table 15
Errors from equation (25): Predicted F0 - Actual F0

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5

Subject MRR 24 18 7 19

Subject YJC 13 12 7 11

Table 16
Errors from exponential model: Predicted F0 - Actual F0

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5

Subject MRR -2 1 2 -1 0

Subject YJC -5 4 5 -4 -1

Moreover, they didn't state how much accurately their model 

can predict the actual data. Instead, they said;

They (peak values of five-word list) seem to fall on 
curves that are concave upward. A reasonable guess about 
the nature of these curves would be that they are 
exponentially decaying series. (1984:186)

Unlike Liberman and Pierrehumbert, we cannot guess the nature 

of the declination lines. We need to examine which model 

would best fit the data because it is very hard to tell which 

model would best fit for the data sometimes.
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All the data and figures, so far, showed that there are 

downstep constants, and the series of the peaks are in a 

certain successor relation and its relationship is 

represented by the best model for each list. According to 

those models, the F0 will asymptote to 0 (Hz) quickly if 

following peaks are numerous.' However, we don't have to be 

concerned about this because the F0 will not asymptote to 0 in 

real life for two reasons at least. First, in order to 

asymptote to 0 (Hz) on the x-axis, the peak number of the x- 

axis should have more than 95 peaks according to the 

exponential equation (y = 295.91e™0"0899x) that was used for

subject MRR's five-word list. It is impossible to produce 95 

peaks within a breathing cycle. Second, in everyone's speech, 

there is a baseline (the lowest F0 value a speaker can use) , 

and the F0 will not fall below the baseline. Even if one's 

conversation forced one to speak beyond one's breathing 

cycle, the F0 will maintain slightly above one's baseline at 

least, as shown in Figure 29. Since this is a very rare 

case, we don't have to care about this. If one really wanted 

to get an equation which would fit the prolonged speech 

production, all one would do is add a baseline value to the 

exponential equation as in (26):

(26) y = Pe-Xb + baseline
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The F0 does not drop below subject YHC's baseline even at the 
prolonged speech production without a pause 
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3 <, 3 Interruption of Declination by Focus 

3 o 3 o1 Experiment

It has been shown in the previous section that there is a 

gradual downtrend of peak F0 values across the utterance. 

Consequently, the F0 value of each peak will be determined by 

its position in the utterance and the length of the 

utterance. However, the gradual lowering of the pitch range 

can be interrupted by different aspects of the focus in the 

utterance. For example, if the fourth peak of the sentence 

has a primary focus in the dialogue, the declination would be 

interrupted by the fourth peak which has a primary focus of 

utterance. However, it hasn't been shown how focus would 

change the course of declination in KNDK. So, the aim of this 

experiment is to find out the interaction of declination and 

focus in determining the phonetic value of H tones in KNDK.

In this experiment, I follow Pierrehumbert (1980), and 

Liberman and Pierrehumbert (1984)'s experiment procedures, 

where they adopted Jackendoff's (1972) usage and referred to 

the pitch accent with greater prominence as "A", and to the 

pitch accent with lesser prominence as "B". As a convenient 

mnemonic, they used A for answer and B for background, and 

the A configuration for the entire complex of intonational 

properties that begins with the answer and the B
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configuration for the complex that begins with the background 

phrase.

3 o 3 o1 o1 Materials

Two possible intonation patterns of sentence in (27) were 

used in this experiment, and capitalized words, OMMA and 

KOGUME, represent that they can have a primary focus in the 

utterance.

(27) OMMA-ga KOGUME-rol k'ak-at-ta.

'Mother-Nom. potato5-Acc. cut-past-coda ending'

'MOTHER cut the POTATOES.'

These two intonation patterns are possible in the discourse 

setting where there are a number of people and a number of 

different things to cut, and that various people cut various 

things. Then, a speaker in the discourse can ask a question 

of the form "Who cut what?" and a listener would answer.

The first intonation pattern in Figure 30 was produced as the 

response to the following dialogue:

5 Kogume is translated as potato to make easy alignment 
between text and gloss. Kogume means sweet potato in English.
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(28) Question: Kogume uc'et-no? Nuga k'ak-at-no?
'What about the potatoes? Who cut them?# 

Answer: OMMA-ga kogume-rol k'ak-at-ta.

'MOTHER cut the potatoes.'

ok

[om.ma.-ga] [ko.gu.me.-ral] [k'ak.at.ta]

1200.0 1600.0 2000.0 2400.0 2800.0 320010

[om.ma.-ga] [ko.gu.me.-ral] [k'ak.at.ta]

- 180 
- 160 ■"

- 140

-  120 •. ^  .

- 100 —

1100.0 1500.0 1900.0 2300.0 2700.0 ms

Time (ms)

Figure 30 (A Configuration)
An F0 contour for 'MOTHER cut the potatoes', produced as a 
response to 'What about the potatoes? Who cut them?'.

The second intonation pattern in Figure 31 was produced as 

the response to the following dialogue:
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(29) Question: Omma-nsn? Omma-non mo k'ak-at-no?

'What about mother ? What did she cut?'

Answer: Omma-ga KOGUME-rol k'ak-at-ta.

'Mother cut the POTATOES.'

The focus of the answer to the question in (28) and (29) is 

mother and potatoes, respectively, and potatoes in (28) and 

mother in (29) count as background information.
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o

[om.ma.-ga] [ko.gu.me-ral] [k'ak.at.ta]

^ 0  * '

800.0 1200.0 1600.0 2000.0 2400.0 2800.0_______

- 180
- 160 —z
- 140 /-
- . 2 0 -  X .  V  ^
-  100 ~

800.0 1200.0 1600.0 2000.0 2400.0 2800.0 ms
Time (ms)

Figure 31 (B Configuration)
An F0 contour for 'Mother cut the POTATOES', produced as a 
response to 'What about mother? What did she cut?'

3.3.1.2 Procedures

Two native speakers of KNDK participated in the recordings, 

and the desired intonation pattern was demonstrated by- 

example before the experiment. There were two crucial 

instructions to the subjects. First, the subjects were 

instructed to break up their answers into two intonational 

phrases as clearly shown in each figure (there is no sound 

wave between two intonational phrases; this is what Liberman 

& Pierrehumbert (1984) did.), though answers can be completed
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within a single international phrase. Second, the subjects 

were instructed to use different degrees of emphasis in their 

answers. To help use different degrees of emphasis in their 

answer, a musical key note, varying from one to eight 

different levels of emphasis, was used before each recording.

Unlike the previous experiment, two subjects actually asked 

and answered instead of reading a written dialogue. It was 

important to record their actual discourse because subjects 

were sometimes confused, or because a number of repetition of 

what they were saying made them sound funny during the 

repetition of their answers for fifty times. This can happen 

in real life when we say the same thing repeatedly.

Audiotape recordings were made onto the audiotape in a sound- 

treated room and then the audiotaped words were recorded into 

the computer. The recorded utterances were digitized and F0 

contours were extracted using Signalyze™. The primary concern 

of the measurements were the F0 value of the peak and the low 

(the peak and the low are shown in Figure 7b (page 41), where 

the low represents the lowest F0) at the A and B accents.
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3.3.2 Results

3.3.2.1 Relation between & accent and B accent

Table 17 shows the measurements of A peak and B peak in each 

configuration for each subject. Mean is the averaged value of 

50 measurements, SD is the standard deviation representing 

degrees of difference from the mean. Both numbers are given 

in Hertz, and ratio is obtained from dividing the standard 

deviation by the mean. Slope and R2 are obtained from linear 

regression analysis.

In both A and B configurations, the F0 value of A accent on 

the answer is much higher than the F0 of B accent on the 

background phrase as shown in Table 17. In the case of 

subject MRR, the mean F0 of A accent in B configuration is 

47.44 hertz higher than the mean F0 of B accent in B 

configuration. In the case of subject YHC, the mean F0 of A 

accent in B configuration is 10.86 Hertz higher than the mean 

F0 of B accent in B configuration. This is a striking 

difference from Pierrehumbert (1980), and Liberman and 

Pierrehumbert's (1984) study of English. According to them, 

the F0 of the peak on the answer (A accent) is much higher 

than the F0 of the peak on the background (B accent) in A 

configuration, while the F0 of the peak on the answer (A 

accent) in B configuration is only slightly higher. Their



Table 17 

The Relation of A peak and B peak in each configuration 

A Configuration B configuration 

Peak Type A accent B accent B accent A accent 

Mean 156.7 125.06 137.68 148.54 

SD 9.83 4.42 7.10 9.013 

Ratio 0.06 0.04 0.05 0.06 

Slope 0.0733 1.002 

Interc·ept 113.57 ; 10 .54· 

0.0265 0.6246 

Configuration-. B Configuration 

accent B accent B accent A accent 

."76 218.28 234.06 281.5 
I 

SD 7.5337 7.4802 13.988 17.536 

Ratio 0.0302 0.0356 0.0597 0.0622 

Slope -0.2350 0.3712 

Intercept 276.75 194.61 

0.0517 0.0876 

explanation for this observation is that the F0 of the A 

accent in B configuration is affected by declination, and 

accordingly, the F0 of the A accent cannot be realized much 

higher than the first peak (B accent). However, KNDK has 

128 
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quite a different story from English. The answer with focus 

(A accent in B configuration) seems to dictate the 

declination so that the F0 of the A accent in B configuration 

is realized higher than the F0 of the B accent. For example, 

the mean value of A accent in B configuration is 47 Hertz 

higher than the mean value of B accent for subject MRR. We 

can represent this data in a graph by plotting the A-accent 

(x-axis) of an utterance against the B-accent (y-axis). If 

the declination dictated the prominence of the answer in B 

configuration and the F0 of the A accent were the same as the 

F0 of the first peak, there should be one-to-one 

correspondence on the slope of the F0 values between A accent 

and B accent. In other words, the value on the y-axis should 

increase by one Hertz if the value on the x-axis increase by 

one Hertz, and the slope representing the relation between 

the two accents should be 1 and there should be no intercept. 

However, this is not happening in KNDK, as shown in Figure 32 

and Figure 33. Here, we can assume that the speakers of KNDK 

produce higher pitch for the answer with focus (A accent) 

that comes later in the utterance to beat the declination 

effect and to keep the A accent more prominent than the B 

accent in B configuration.

In this experiment, eight different degrees of pitch range 

were employed, and high standard deviations from the mean 

were expected (because of eight different degrees of pitch
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range). By comparing the standard deviation, we can find out 

which accent was more affected by the change of pitch range. 

First, we compare the standard deviation of the A accent with 

the standard deviation of the B accent in both 

configurations: as shown in Table 17, the standard deviation 

of A accent in both configuration shows higher standard 

deviation than the standard deviation of B accent. This 

indicates that the use of different degrees of pitch range in 

the utterance affects the A accent more significantly than 

the B accent. The pitch range of the A accent fluctuates in 

accordance with the different degrees of emphasis, while the 

B accent maintains less variation of the pitch range. Second, 

when we compare the standard deviation of the B accent in the 

A configuration with the standard deviation of the B accent 

in the B configuration, the B accent in the B configuration 

has higher standard deviation than the B accent in the A 

configuration. This is due to the different position of the B 

accent in the utterance. The position of the B accent in the 

A configuration is at the second peak of the utterance 

whereas the position of the B accent in the B configuration 

is at the first peak of the utterance. The major difference 

that makes here is the presence or absence of declination in 

each accent. Though the B accent in the B configuration has 

no relation with declination, the B accent in the A 

configuration is affected by declination and has lower mean F0 

value than the B accent in the B configuration. It is quite a
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logical consequence that the standard deviation of B peak in 

the A configuration is lower than that of B peak in the B 

configuration because a peak value (B peak in the A 

configuration) controlled by declination allows limited 

amount of variation in pitch range. This result is quite 

similar to the first experiment, in which the standard 

deviation of the first peak was much higher than that of the 

last peak in the list.
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y = 0.0733x + 113.57 
R2 = 0.0266150 --

140 --

130 -- 4 4+  4

120 - -

Peak 1

Figure 32
Relationship between Peak 1 and Peak 2 in A configuration for 
subject YHC. The line running across scattered '+' is 
obtained from the equation provided in the figure.



133

160 --

150 --

f t  140 --

1.0023x + 10.54 
R2 = 0.6247130 --

Peak 1

Figure 33
Relationship between Peak 1 and Peak 2 in B configuration for
subject YHC
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-Q.235x + 276.75 
R2 = 0.0518235 --

230 --

225 --

220 - -

210 - -

205 --

Peak 1

Figure 34
Relationship between Peak 1 and Peak 2 in A configuration for
subject MRR
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0.3712x + 194.61 
R2 = 0.0877320 --

310 --

300 --

290 --

280 --

270 --

260 --

Peak 1

Figure 35
Relationship between Peak 1 and Peak 2 in B configuration for
subject MRR
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3 o 3 o 2 o 2 Peak - Low Relation

Maeda (1976), Boyce and Menn (1979), Pierrehumbert (1980), 

Liberman and Pierrehumbert (1984), and Pierrehumbert and 

Beckman (1989) reported that the low value (refer to Figure 

7b) of A accents and B accents remains almost constant 

whereas the peak value varies. The results of the experiment 

shows that KNDK is quite similar to their reports.

Table 18 and Table 19 show peak and low relation in each 

configuration. The focus of interest in these two tables is 

the low values corresponding to each accent in each 

configuration. If the low values changed in proportion to the 

peak values, we would expect high standard deviation of the 

low values. However, the low values in each accent have less 

variation in pitch range than the peak values, and low values 

have much lower standard deviation than the corresponding 

peak values. Ratios obtained from dividing the standard 

deviation by the mean value are smaller for the low values 

than for the peak values. The purpose of obtaining ratios is 

to remove any effects of simple multiplicative scaling 

because a multiplicative constant (slope) would 

systematically lower the pitch values of the low as the pitch 

values of the peak increase. The fact that low values are 

hardly inclined to follow the change of the peak values are
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Table 18 

Peak 1 and Low Relation 

A Configuration B configuration 

Peak Type Peak 1 Low Peak 1 Low 

Mean 156.7 110.08 137.68 110.96 

SD 9.83 1.78 7.11 1.69 

Ratio 0.06 0.02 0.05 0.02 

Slope ' 0.13 0.01 

Intercept 89.66 109.49 

0.60 0.00 

Configuration B configuration 
1 . 

1 Low Peak 1 Low 

Mean 248.76 203.96 234.06 213.18 

SD 7.53 3.94 13.99 5.13 

Ratio 0.03 0.02 0.06 0.02 

Slope 0.36 0.28 

Intercept 113.57 147.8 

0.48 0.58 

·, ' 
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Table 19 

Peak 2 - Low Relation 

A Configuration B configuration 

Peak Peak 2 Low Peak 2 Low Terminal 

Type Low 

Mean 125.06 109.48 148.54 120.67 108.91 

SD 4.42 3.07 9.01 5.89 2.59 

Ratio 0.04 0. 03 ·; 0.06 0·. 05 0.02 

Slope 0.43 0.39 

Intercep 55.29 62.65 

0.39 0.139 

·J.guration B Configuration 

Peak Peak 2 Low Peak 2 Low Terminal 

Type Low 

Mean 218.28 193.80 281.50 234.92 191.20 

SD 7.78 4.17 17.54 9.73 3.52 

Ratio 0.04 0.02 0.06 0.04 0.02 

Slope 0.40 0.42 

Intercep 107.05 117.53 

0.55 0.57 
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shown in Figure 36 through Figure 43, in which the slopes 

representing the relationship between low values and peak 

values are leaning on the x-axis. If the low values changed 

in proportion to peak values, the slope would have a 45 

degree angle.

Among the low values, the low values in peak 1 show just a 

little bit smaller variation than the low values in peak 2 

without regard to configuration types. Though a small amount 

of variation could be contributed by uncertainties in 

production and measurement, the variation is mainly because 

the low of peak 2 is neither at the end of intonational 

phrase nor at the end of utterance final position due to a 

following verb phrase within its intonational phrase. Since 

the low values corresponding to peak 2 are in the process of 

F0 transition from peak to the terminal low at the end of verb 

phrase, it is reasonable to predict that the low values would 

reflect a small portion of changes in peak values.
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150
y = 0.13x + 89.663 

R2 = 0.5955

140 --

130 --
Wo.J

120 - -

110 - -

100
130 140 150 160

Peak 1
170 180

Figure 36
Relation between Peak 1 and Low in A configuration for
subject YHC
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125 -|----------------------
y = 0.0107x + 109.49 

R2 = 0.0034

120 - -

1 1 5  - +

w + +  +
+ +  + + +  +  +  +

1 1 0  - +  + +  +  + +  +
i
+ +

t — r
+  +  + +  +

+  + +  + +

105 --

100 -I--------1--------1--------1--------1--------h-
125 130 135 140 145 150

Peak 1

Figure 37
Relation between Peak 1 and Low in B configuration for
subject YHC
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y = 0.3634x + 113.57 
R2 = 0.4819

210 - -

O 200 --

190 --

Peak 1

Figure 38
Relation between Peak 1 and Low in A configuration for
subject MRR
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y = 0.2793x + 147.8 
R2 = 0.5803

250 --

240 --

o 230 --

220 - -

210 - -

Peak 1

Figure 39
Relation between Peak 1 and Low in B configuration for
subject MRR
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y = 0.4333x + 55.295
R£ = 0.3884

120 - -

115 --

+ + + +110 - -

105 --

Peak 2

Figure 40
Relationship between Peak 2 and Low for subject YHC in A
configuration
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155 --
y = 0.3906x + 62.648

0.357

145 --

135 --

125 --

115 --

Peak 2

Figure 41
Relationship between Peak 2 and Low for subject YHC in B
configuration
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y = 0.3974x + 107.05 
R2 = 0.5499

210 - -

205 --

O 200 --

195 --

190 --

Peak 2

Figure 42
Relationship between peak 2 and Low for subject MRR in A
configuration
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y = 0.417x + 117.53 
R2 = 0.5653

O 245

Peak 2

Figure 43
Relationship between peak 2 and Low for subject MRR in B 
configuration

3.3.3 Quantitative Models

Lines drawn in each figure are obtained from regression 

analysis and crucial values of these lines are given in each 

table. If we attempted to draw a line by eye, it would be
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subjective and probably inaccurate. We can use linear 

regression analysis which will ensure that the chosen line is 

determined automatically by the points we are trying to fit.

Since regression analysis provides the relationship between 

one variable and another set of variables, it is quite useful 

when we try to predict the low values from the associated 

peak values and to predict the peak 2 from the peak 1. We 

already have values of slope and intercept in each table 

obtained from linear regression, and the regression line can 

be represented by a linear equation of the form:

(30) Y = pX + T ,

where the response variable, Y, is the value of low or 

peak 2, the regressor variable, X, is the associated

peak value, J3 is the slope (a multiplicative constant) 

of the line, and the constant x is the intercept.

This equation represents a straight line. If the model line 

would pass exactly through the observed data points, there 

would be no difference between predicted values and observed 

data values. If the standard error of estimate is 0, it would 

mean that no point deviated from the straight line and there
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would be no error. However, in practice, it will never occur. 

The actual data values would not fall exactly on the straight 

line. As every figure in this section shows, they would 

scatter around the line. The distance of scattered data point 

from the line can be obtained by the following equation:

(31) £ = Y - Y

where e is an error term, Y is the observed value, and Y  is

the predicted value. In order to get an actual value of ith 

observation, we need to add £ to the equation in (30) :

(32) Y. = pX. + x + ei

Though every line in each figure is an optimal line which 

minimizes the difference between the predicted values and the 

actual values, the lines in Figure 34 and Figure 35 do not 

look like optimal lines. Actual data points are scattered all 

over the graph. Since the difference between the predicted 

values and the actual values is great, it is very hard to 

predict the relationship between the two peaks. We cannot 

expect every utterance will fall on the prediction line in 

real life. However, what we can do is to provide the best
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quantitative models that can represent general tendency of 

specific speech patterns.

3=3=4 Summary

In the above experiment, it has been shown that the F0 of the 

answer with focus (A accent) in different phrasal positions 

is not affected by declination. Although the position of the 

A accent is switched in the B configuration, the A accent is 

still higher than the B accent. One interesting observation 

from subject MRR is that the F0 of the B peak in the A 

configuration decreases as the F0 of the A peak increases, 

resulting in negative slope, as shown in Figure 34. This is 

perhaps because the subject tries to conserve more energy 

(lung pressure) to produce more prominent A accent in B 

configuration to beat the declination effect.

The low values remain almost constant without regard to the 

changes of the peak values. Though the relation between two 

peaks is different from English, the relation between peak 

and low shows a similarity with English, where the lowest F0 

produced were quite constant over the full spread of pitch 

ranges (Pierrehumbert (1980), Liberman and Pierrehumbert 

(1984)).
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CHAPTER 4

IB9TOEATIOB5 STRUCTURE &EB 
IT S  PROSODIC R E P R E S E E T A T IO E

4.1 Introduction

The previous chapter shows how declination and focus interact 

in determining the phonetic value of H tones in KNDK.

However, there are many different ways of uttering an 

identical string of words in English, as Bolinger (1958), 

Jackendoff (1972), Liberman (1975), Ladd (1980),

Pierrehumbert (1980), Beckman & Pierrehumbert (1986), 

Pierrehumbert & Hirschberg (1990), Oehrle (1991), Steedman 

(1991), and many others point out. Although tone and 

intonation are not entirely mutually exclusive (Cruttenden 

1986), KNDK nevertheless makes use of intonation with tonal 

contrasts through the interaction of four factors: phrasing, 

focus, pitch range, and tune. In the use of these terms, 

phrasing refers to how a sequence of word in an utterance is 

divided up, focus to the placement of accent to deliver a 

new/contrastive/opposite information to a hearer, pitch range 

to the range of pitch speakers use, and tune to intonation 

contour type.
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Thus, the aim of this chapter is to examine the intonation 

patterns of KNDK and to develop a prosodic representation 

which makes it possible to characterize different intonation 

patterns of a given string of words, motivated by a view 

(Price et al. 1991, Silverman et al. 1992) that an 

understanding of prosodic structure and its proper 

representation could aid in the disambiguation of the 

ambiguous syntactic/semantic structures and in the basic 

research in speech and natural language processing. Though, 

this chapter does not provide a comprehensive theory of 

intonation, it certainly provides a useful survey about some 

of the things that we need in order to have such a 

comprehensive theory.

The organization of this chapter is as follows. In section

4.2 and section 4.3, I introduce a way of representing 

different phrasings and different accent placements in an 

utterance. In section 4.4, I show how an identical string of 

words restricted to a declarative utterance type can bear 

different intonation patterns, and, in section 4.5, I show 

how intonation patterns alter according to different 

utterance types. Finally, I provide a representation which 

can disambiguate ambiguities of syntactic structures in 

section 4.6.
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4.2 Prosodic Phrasing and Its Representation 

4.2=1 Acoustic Cues for Phrasing

Phrasing of an utterance can be affected by a range of 

linguistic/non-linguistic factors such as syntactic 

structure, (Kaisse 1985; Odden 1990; Selkirk 1984, 1986; 

Nespor and Vogel 1986; Hayes 1989), semantic emphasis, 

dialogue function (Hirschberg and Litman 1987), temporal 

style (Umeda 1982, Oehrle 1991), and phonological weight (Jun 

1993).

The phrasings are signaled by a pause, phrase final syllable 

lengthening, or a deep valley in pitch between the two 

phrases. One of the most often mentioned phonetic signals in 

phrasing is pause, which can be most frequently found between 

clauses or at the end of utterance. Figure 44 shows a clear 

discontinuation of the speech signal between the two noun 

phrases, omma-ga 'mother-Nom', and myon-ol 'noodle-Acc', 

produced in an utterance omma-ga myon-ol mutta 'Mother ate 

noodle'. However, the boundary is often not marked by pause, 

but rather by lengthening of the final syllable of a phrase 

(Oiler 1973, Klatt 1975, Cooper 1976, Pierrehumbert 1980, 

Umeda 1982, Crystal and House 1982, Carlson and Grandstrom 

1986) as shown in Figure 45. In this figure, the pitch 

contours between the two phrases are connected, and show no
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segmentation. Instead, the final syllable of the first 

phrase, -ga, is lengthened and helps indicate a boundary. In 

fact, the syllable duration of the nominative marker -ga in 

Figure 45 is 285 ms longer than that of the same nominative 

maker in Figure 44.

18001200

229ms

myan-Glom.ma -ga

1100 1400 1700 ms
Figure 44
F0 contours showing a pause between the two phrases.

Figure 45
F0 contours showing pre-boundary lengthening
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Sometimes, pause and the lengthening of phrase final syllable 

can co-occur as boundary markers. For example, in an 

utterance, abuci-ga paq-e itta 'Father is in the room', 

phrase boundaries between the two noun phrases abuci-ga 

'father-Norn' and paq-e 'room-Loc.' are marked by a pause and 

the lengthened syllable duration of a nominative marker, -ga, 

in the first phrase as shown in Figure 46.

abuci -ga pag-e

800 1100 1400 1700 2000 ms
Figure 46
F0 contours showing a pause and phrase-final lengthening

However, it should be noted that speech segmentation caused 

by tense consonants (/t'/, /p'/, /k'/, and /s'/), aspirated 

consonants (/ph/, /th/, and /kh/) , or other voiceless 

consonants cannot be used as a boundary marker because the 

discontinuation of the speech signal is primary due to 

consonantal interference. For example, the speech
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segmentation shown in Figure 47 occurs word internally due to 

the strongly aspirated consonant /ph/ in Figure 47a and the 

tense consonant /s'/ in Figure 47b, and we cannot consider 

this segmentation as a marker of a boundary.

y
o

(a) m.,

1500 1700 1900 21

(b) iiî iiiii

00 2300 2500 2700

- 170 --
- 150 - Ph - c1- 130 S
- no
- 90 yan pMl po s'al

'pencil' 'barley'
1400 1600 1800 2000 2200 2400 2600 ms

Time (ms)

Figure 47
Figure (a) and Figure (b) show speech segmentation caused by 
an aspirated consonant /ph/ and a tense consonant /s'/, 
respectively.

In addition to duration and pause, a third feature is 

employed, a deep valley caused by F0 drop between the two 

boundaries also marks the phrase boundary as shown in Figure 

50. It will be discussed more in the following section.
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4,2.2 Representation of Prosodic Phrasing

4.2.2,1 Break Indices and Tone Labels

Price et al. (1991) developed a system that characterizes 

degrees of connectiveness/juncture in speech by associating 

each inter-word position with a 'break index'. In this system 

there are seven break indices, numbered from 0 to 6, and each 

break index represents the degree of decoupling perceived 

between each pair of words in an utterance: smaller break 

indices represent smaller disjuncture (tighter coupling) 

between adjacent words, and bigger break indices represent 

stronger disjuncture between adjacent words. Price et al's 

break indices are shown in (33).

(33) Price et al's break indices6

0 - boundary within a clitic group

1 - normal word boundary

2 - boundary marking a minor grouping of words

3 - intermediate phrase boundary

4 - intonational phrase boundary

5 - boundary marking a grouping of intonational phrases

6 - sentence boundary

6 Price et al do not provide examples for each break index.
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Break indices of 4, 5, and 6 are "major" prosodic boundaries 

and correspond to the intonational phrase in Beckman and 

Pierrehumbert (1986), and break index 3 corresponds to an 

intermediate phrase in Beckman and Pierrehumbert (1986) and a 

phonological phrase in Nespor and Vogel (1983).

Later on, Silverman et al. (1992) modified the break index

system to achieve a common standard for prosodic 

transcription of English that is analogous to IPA for 

phonetic segments, and named their system ToBI (Tone and 

Break Indices). ToBI uses four tiers of labels in its 

prosodic transcription: the orthographic tier, the tone tier, 

the break-index tier, and the miscellaneous tier. The 

orthographic tier provides the standard orthographic 

representation of the transcribed utterance. The tone tier 

consists of labels for pitch events associated with accented 

syllables (pitch accents: H*, L*, L*+H, L+H*, H+!H*) and for 

pitch events associated with boundaries (phrasal tones). In 

phrasal tones, L- (a low phrase accent) and H- (a high phrase 

accent) are associated with intermediate phrase boundary, and 

L% (a low boundary tone) and H% (a high boundary tone) are 

associated with intonational boundary7. The break-index tier 

indicates the degree of connectiveness between adjacent

7 Pitch accents followed by a phrase accent is an intermediate 
phrase; an intermediate phrase followed by a boundary tone is 
an intonational phrase.
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expressions in the utterance. The miscellaneous tier is used 

for any comments to be attached to the transcription.

Although the ToBI system shares the same idea with Price et 

al's system in that the break indices are labels of prosodic 

grouping of utterance, which indicates a boundary of some 

kind of constituent, there are two major differences between 

the ToBI system and Price et al's system. First, the three 

highest break indices, 4, 5, and 6, which are major prosodic 

boundaries in Price et al's system, were merged into a single 

category, the break index 4 which is the highest break 

indices in the ToBI standard. Consequently, ToBI has five 

break indices as shown in (34). Second, definitions of break 

levels 0 and 2 were modified and made more explicit to 

improve labeling consistency and to clarify the relationship 

to the tonal tier.

(34) The Break Index System of ToBI

0 - clear phonetic marks of clitic groups

1 - most phrase-medial word boundaries

2 - disjuncture marked by a pause, but without tonal marks

3 - intermediate phrase boundary

4 - full intonation phrase boundary
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According to ToBI convention, these break indices are to be 

marked after all words. All junctures must be assigned an 

explicit break index and there is no default juncture type. 

The break indices are meant to be a label of subjective 

strength of the boundary perceived. For example, as shown in 

Figure 48, the break index 0 is marked between trying and to 

(flapped /t/), between get and you (palatalized /t/), between 

you and to (flapped /t/) because these words are connected in 

speech. The break index 1 is marked at the phrase-medial word 

boundaries. The break index 3 is marked at the intermediate 

phrase boundaries. And the break index 4 is marked at the end 

of utterance, marking the intonational boundary. Though break 

indices 0, 1, and 2 do not have tonal marks, the break index 

3 aligns with a phrase accent, representing an intermediate 

phrase boundary and the break index 4 aligns with a boundary 

tone, representing an intonational boundary.
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1000_____1300 1600 1900 2200 2500
I'm simply trying to get you to understand

-190
-160
-130
-100

3 0 3 0 0 3
L -  r~\ L -  L—

%__ /

2800(m$)

4
L-LX

Figure 48
Labeling of the break indices according to ToBI convention. 
Vertical arrows correspond to each break index.

In the next section, we examine how the ToBI transcription 

system which is designed exclusively for English facilitates 

the representation of boundary disjuncture in KNDK.

4.2.2.2 Break Indices and Tone Labels in KNDK

The lowest-level break index 0 is defined in terms of 

connected speech processes, such as flapping of /t/ in hit it 

or palatalization of /t/ in get you in English. In the case 

of KNDK, the break index 0 can be marked between nouns and 

markers such as nominative case markers (-i, -ga, -non, -on), 

accusative case markers (-rol, -ol), dative case markers (-
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ege), focus markers (-man), an so on. Unlike English, it 

doesn't have to involve phonetic processes to mark the break 

index 0 between noun and a marker because nouns and markers 

are closely connected in speech. In Figure 49a, the break 

index 0 is marked between pronoun ne 'I' and a nominative 

marker -ga, and there is no clear segmentation of speech 

signal between a pronoun and a case marker. Though the break 

index 1 can be marked between the boundary of hit and it 

depending on the speaking rate in English, the break index 1 

is unlikely between a noun and its marker in KNDK.

Figure 49
Figure (a) shows the break index 0 between a pronoun ne 'I' 
and the nominative marker -ga, and Figure (b) shows the break 
index 1 between a noun turumagi 'overcoat' and a postposition 
hoda 'than'.

The break index 1 can be marked between individual word 

boundaries which do not show clear disjuncture. In Figure
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49b, there is no disjuncture between a noun turumagi 

'overcoat' and a postposition boda 'than', and the break 

index 1 is marked to indicate the boundary between these two 

words.

The break indices 3 and 4 are used to mark the intonational 

categories, such as accentual phrase and full intonation 

phrase. Accentual phrase8 in KNDK is the smallest prosodic 

unit that can be defined in terms of the intonation pattern 

of an utterance: in most cases, only one accent can occur in 

an accentual phrase, and its boundary is marked by the break 

index 3. As for an intonational phrase, it may consist of one 

or more than one accentual phrase, and its edge is marked by 

the break index 4. Thus, whenever there is a break index 

level 3, a corresponding tone label, L- (a low phrase 

accent), aligns with it. Similarly, whenever there is a break 

index level 4, a corresponding tone label, either L% (a low 

boundary tone) or H% (a high boundary tone), aligns with it. 

Figure 50 illustrates the placement of break indices 3 and 4, 

and corresponding tone labels for an utterance given in (35).

8 Accentual phrase has been designed to describe the tonal 
phenomena of Japanese by Pierrehumbert & Beckman (1988), and 
Jun (1993) proposes a number of reasons to use accentual 
phrase in Korean instead of phonological phrase which is 
proposed by Selkirk (1984, 1986).



(35) omma-ga manal-Ql 
garlic-Acc.

mutta.
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mother-Nom.

'Mother ate garlic.'

ate

omma-ga manol-ol mutta
3 3 4
L- L- L%

Figure 50
Break indices 3 and 4 and their corresponding tone labels.

As this figure shows, the boundary between the first 

accentual phrase and the second accentual phrase, and the 

boundary between the second accentual phrase and the third 

accentual phrase are indicated by a deep F0 valley. For each 

F0 valley, the break index 3 is marked and a corresponding 

phrasal tone, L-, is labeled. However, the break index 3 is 

not marked at the right edge of the third accentual phrase. 

Instead, the break index 4 is marked because the edge of the 

third accentual phrase coincides with the edge of
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international phrase and the highest break index level 4 

supersedes the break index level 3.

Though the use of break index 4, indicating the intonational 

phrase boundary, is the same as in English, the tone labeling 

of intonational phrase boundary is different from English. 

While KNDK requires a single terminal boundary tone, such as 

L% or H%, to represent an intonational phrase boundary, 

English requires a dual tone - a phrasal accent followed by a 

terminal boundary tone, e.g., L-L%. This notation is 

motivated by Pierrehumbert and her collaborators due to the 

fact that the edge of intermediate phrase (equivalent to 

accentual phrase in KNDK) boundary coincides with the end of 

intonational phrase. According to this notation, a boundary 

tone stays at the intonational phrasal boundary and the 

phrasal tone fills the space between the last pitch accent 

and the intonational phrase boundary. For example, if the 

intonational phrase boundary is labeled L-L% and the nuclear 

accent is far from the end of the intonational phrase, the L- 

phrase tone creates a flat low spreading from the nuclear 

accent to the end of intonational phrase boundary. However, 

KNDK does not need a dual tone convention because the tonal 
contour from nuclear accent to the terminal boundary tone can 

be explained in terms of interpolation as shown in Chapter 2. 

The avoidance of a dual tone convention is the same as not 

marking the break indices 3 and 4 at the same time (for
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example, 3-4) at the end of intonational phrase to represent 

the coincidence of the accentual phrase and intonational 

phrase.

So far, break indices 0, 1, 3, and 4 have been considered, 

and they seem to correspond to the degree of disjuncture of 

different kinds of prosodic grouping. However, the subjective 

impression of disjunction of boundary does not always 

correspond to intonational constituency. In order to deal 

with the mismatch between the subjective boundary strength 

and the intonational constituency, the break index 2 was 

devised. If we take a phrase abuci-oy mam 'father's thought', 

shown in Figure 51, for example, there is an F0 valley between 

the possessive noun and the head noun. This disjuncture is 

not caused by hesitation or disfluency. However, the 

perceived disjuncture is weaker than the disjuncture 

perceived in between accentual phrase boundaries or at the 

end of intonational phrase. In this case, we can use the 

break index 2 to represent a phrase internal disjuncture.

This treatment draws one of a few exception to the argument 

that an accentual phrase may take only one peak in its

domain.
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Figure 51
Break index 2 is marked between a possessive noun, abuci-sy 
'father's', and a head noun, mam 'thought'.

Though ToBI uses the p diacritic after the break index level, 

such as Ip, 2p, or 3p, to represent an abrupt cutoff, restart 

of some part of utterance, or a hesitation pause, the current 

study in this chapter does not extend to the use of p 

diacritic.

To summarize, the break index system which accommodates the 

tonal phenomena of KNDK, the break index system proposed by 

ToBI is slightly modified as shown below:



(36) Break Indices in KNDK

0 - boundary within a clitic group

1 - most phrase-medial word boundaries

2 - phrase-internal disjuncture

3 - accentual phrase boundary

4 - intonational phrase boundary
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4,3 Accentual Prominence and Its Representation

Beckman & Pierrehumbert (1986) propose that tonal phenomena 

in English be described in terms of the notion "accent", 

which serves to mark the lexical item with which they are 

associated as prominent. In the marking of pitch accents 

(accent is often called pitch accent because accent is 

associated with pitch prominence), Pierrehumbert (1980) uses 

seven different pitch accent types, such as, H*, L*, H*+L, 

H+L*, L*+H, L+H*, and H*+H, while the ToBI system (1994) 

reduces Pierrehumbert's rich inventory of pitch accents to 

five: H*, L*, L*+H, L+H*, and H+!H*. According to their 

conventions, the diacritic, *, indicates that the tone is 

aligned with a stressed syllable, and the unstarred tone of a 

bitonal accent precedes or follows it at some given space in 

time. Thus, when some portion of an utterance is to be 

accented, it is associated to one of these pitch accent 

types.

Figure 52 and Figure 53 illustrate the two different F0 

contours* for the same word millionaire which is extracted 

from a phrase, only a millionaire. In Figure 52, there is a 

noticeable rise from low pitch on the first syllable and the 

F0 peak is realized on the second syllable, right after the 

stressed syllable. In the representation of this pitch
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contour, L* aligned with the stressed syllable indicates 

local F0 minima and the unstarred H tone represents a delayed 

F0 peak on the second syllable. In the case of Figure 53, the 

F0 rise from low pitch on the first syllable does not continue 

to the second syllable, and H* aligns with the stressed 

syllable. The leading L tone in L+H* simply represents a rise 

from a low F0 value in the pitch range and distinguishes L+H* 

from H*. However, often, the distinction between H* and L+H* 

is difficult to make when the accented syllable is the first 

in the utterance.

a
>»
4)
g.<D
UtM

200 400 600 BOO
4000
3500
3000
25002000
1500
1000
500

m i I I  i o n a i re

- 380
- 340
- 300- 260 
- 220 
- 180 
- 140

100

L* f H

300 500 700 900.0
Time (as)

Figure 52
A L*+H accent on millionaire. Recording from ToBI
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Figure 53
A L+H* accent on millionaire. Recording from ToBI.

The different pitch accent shapes in these two figures are 

determined by different intonation meanings, but not by a 

different choice of the word carrying the accent. The lexicon 

only provides the accent locus, to which the starred tone (L* 

or H*) of the accent is associated.
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KNDK, by contrast, has neither a rich inventory of pitch 

accents nor different alignments of the pitch accent with the 

accented syllable. A lexically linked single H tone and 

periphery tones (phrase accent or boundary tone) are the most 

straightforward constituent of an intonation contour, and the 

alignment between tones and text is very simple as shown in 

Chapter 2. Moreover, the accent locus is lexically 

contrastive, as in carl 'sack', shown in Figure 54a, and carl 

'seat', shown in Figure 54b, and therefore must be specified 

in the lexicon. Since accentually prominent syllables are 

associated with a lexically linked H tone, we can treat the 

accent as a lexically linked H tone, following Pulleyblank 

(1983), Poser (1984), and Beckman and Pierrehumbert (1986) . 

Therefore, KNDK does not have to rely on the notion of star 

to represent the alignment of the pitch accent with the 

accented syllable because the pitch accent always aligns with 

the H toned syllable.
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(a) (b)

-1 80 
-160 - 
-140 
-120
-loo ca r i

H
ca ri
H

Figure 54
F0 contours of phonemically identical words, carl. In Figure 
(a), the accent is on the second syllable, in Figure (b), the 
accent is on the first syllable.

However, when several accentual phrases exist in an 

utterance, the pitch value of accented syllable in each 

phrase may not be the same (the pitch value of accented 

syllable in an utterance may vary as peak values of each word 

in a list vary as shown in Chapter 3). There should therefore 

be a way to represent the relative pitch prominence among 

accentual phrases. If we take a given sentence, such as (37), 

for example, there are three accentual phrases as shown in 

Figure 55. The first phrase has the nuclear accent (the most 

prominent accent) in the utterance and the subsequent phrases 

show gradual decrease in pitch values. If we were to mark the 

accented syllables in each phrase with a high tone alone, the 

phonological representation shown in (38a) would not be able
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to account for relative pitch prominence across phrases. In 

order to provide appropriate phonological representation for 

the F0 contours given in Figure 55, we can make use of a 

diacritic, *, as shown in (38b), to represent a nuclear 

accent in an utterance, but not.the alignment between a pitch 

accent and a high toned syllable.

Although the star notation represents the nuclear pitch 

accent in an utterance, the representation in (38b) still 

leaves unexplained the relation between the first phrase and 

the remaining two phrases. In order to represent any 

downstepped H tones (H tones whose pitch levels are lowered 

than the pitch of the preceding H tone) subsequent to a 

nuclear accent, we can use a diacritic, !, in front of a 

downstepped pitch accent as shown in (38c). The use of 

diacritic, !, eliminates Pierrehumbert's H*+L notation 

(1980), shown in (38d), as a necessary downstep trigger.

(37) omma-ga manol-ol s'almatta.
mother-Nom. garlic-Acc. boiled

'Mother boiled garlic.'
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(38)
a .

omma-ga
H L-

manol-ol
H L-

s7 almatta. 
H L%

b. H* L- H L- H L%

c . H* L— !H Li— !H L%

d. H*+L H*+L H*+L L-L%

Figure 55
F0 contours and prosodic representation of a sentence given in 
(37)

In sum, the prosodic representation shown in Figure 55 has 

three parallel tiers - a segmental tier, a tone tier, and a 

break index tier, and it has clear advantages over 

Pierrehumbert's notation (1980) shown in (38d) because it can 

represent clear phrase boundaries and the relation of pitch



176

prominences among accentual phrases with the help of break 

indices and the diacritics such as ! (downs tapped pitch

accent), - (phrase accent, or accentual phrase boundary 

marker), and * (nuclear pitch accent).
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4 o4 Focus

The same string of words with the same syntactic structure 

can have different intonation contours distinguished by the 

position of the intonational nucleus affected by the focus of 

an utterance.

4.4.1 Ordinary Focus

Jackendoff (1972) defines focus of a sentence as the 

information in the sentence that is assumed by the speaker 

not to be shared by him and the hearer. Thus, a focal part of 

utterance contains what the speaker is presenting to the 

listener as new and the focal part is associated with pitch 

prominence. The remaining part of utterance contains given 

information which is shared by him and the hearer, and this 

part does not have prominent pitch values. Oehrle (1991) 

illustrates the relation between new and given information in 

question-answer pairs of English. This is also possible in 

KNDK, as shown in (39) to (41). Here I use underline to 

indicate the pitch prominence on the focal part.
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(39) Q: md-ga kegi9 mut-no?

what-Nom. meat ate-Int.

"What ate the meat?"

A: kovani-aa gegi-ral mutta. 

cat-Norn meat-Acc ate 

"The cat ate the meat"

(40) Q: koyaqi-ga ms mut-no?

cat-Nom what ate-Int 

"What did the cat eat?"

A: koyaqi-ga keai-rol mutta.

(41) Q: koyaqi-ga kegi uc'et-no?

cat-Nom meat what did-Int 

"What did the cat do with the meat?"

A: koyaqi-ga gegi-rol mutta.

In (39) the given information is that something ate the meat, 

and koyarji 'cat' is the focus, the new information being 

conveyed. Accordingly, the focal phrase, koyaqi-ga, has the 

most prominent pitch accent as shown in Figure 56, and the 

remaining phrases show gradual decrease in pitch values.

9 Lenis Stop Voicing: intervocallic voiceless lenis stops, 
such as, /p/, /t/, and /k/ change to voiced lenis stops, such 
as, /b/, /d/, and /g/, respectively. However, lenis stop 
voicing across accentual phrases is conditional. If the 
boundary between the two accentual phrases is signaled by an 
F0 segmentation, lenis stop voicing is blocked. However, if
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Though there are three accentual phrases, it is possible to 

have just one accentual phrase in fast speech, and only the 

focal phrase bears the pitch accent. Then, the remaining 

phrases fill in the space between the nuclear pitch accent 

and the intonational boundary tone, and their boundaries are 

marked by the break index 1 as shown in Figure 57. In (40), 

the given information is that the cat ate something, kegi 

'meat' is the focus in this answer and bears the most 

prominent pitch accent as shown in Figure 58. Though the 

first phrase and the focal phrase are demarcated by a phrase 

tone in this contour, it is also possible to have an 

intonational boundary tone (L%), depending on speech pattern. 

That is, it is often observable that speakers put a strong 

pause between the first phrase and the focal phrase. In (41) 

the given information is that the cat did something to the 

meat, and the new information is mutta 'ate' and bears the 

most prominent pitch as shown in Figure 59. Though the second 

phrase maintains the same pitch level with the first phrase, 

it is possible for the pitch of the second phrase to be 

realized lower than that of the first phrase. In this case, 

the second phrase will be marked as a downstapped pitch 

accent, !H.

its boundary is signaled by an F0 dip without a segmentation, 
lenis stop voicing applies across accentual phrases.
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Figure 56
F0 contour for an answer in (39)

1100 ms

koyagi-ga gegi-ral

Figure 57
Another pitch contour for the answer in (39). There is only 
one accentual phrase. This pattern is possible in fast 
speech.
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Figure 58
F0 contour for an answer in (40)

Figure 59
F0 contour for an answer in (41)
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In each question-answer pair, the particular prosodic contour 

of the same text in each answer can be used exclusively for a 

particular question type. If the F0 contours in Figure 58, for 

example, were used as an answer to the question in (39), it 

would not be a felicitous answer, though the sentence is 

grammatical.

4o4o2 Multiple Foci

Though only one focal part has been shown in section 4.4.1, 

it is possible to have more than one focal part in an 

utterance. The multiple foci can be easily seen in the 

following question-answer pairs.

(42) Q: ma-ga ma mut-no?

What-NOM what ate-Int.

"What ate what?"

A: kovani-aa kecri-ral mutta. 

cat-Nom. meat-Acc. eat

(43) Q: kegi uc'e-det-no?

meat what-happened-Int.

"What happened to the meat?"

A: kovani-aa kegi-ral mutta
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(44) Q: koyaqi-ga msl uc'et-no?

cat-Norn what did-Int.

"What did the cat do?"

A: koyaqi-ga kecri-rol mutta

(45) Q: uc'e-det-no?

what-happened 

"What happened?"

A: kovaqi-cra kecri-rol mutta

In (42) the given information is that something ate 

something, and koyaiji 'cat and kegi 'meat' are the new 

information being conveyed. These focal parts are marked by 

the pitch accent, H*, representing the most prominent pitch 

in the answer as shown in Figure 60, and the boundary between 

these two focal phrases is marked by an F0 dip and represented 

by a phrasal accent, L-. In (43) the given information is 

that something happened to the meat, koyaiji and mutta 'ate' 

bear the focus in the answer, and they bear the most 

prominent pitch accent as shown in Figure 61. Though the 

first phrase and the second phrase in this answer form one 

accentual phrase and the boundary between the two phrases 

does not have a tonal indication, it is possible to have a
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Figure 60
F0 contour for an answer in (42)

Figure 61
F0 contour for an answer in (43)
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Figure 62
F0 contour for an answer in (44)

Figure 63
F0 contour for an answer in (45)
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clear phrase boundary between the two phrases, depending on 

speech pattern. If this happens, the boundary between the two 

phrases will be marked by a low phrase accent (L-) and the 

second noun phrase will bear a downstepped H tone (!H). In

(44) the given information is that the cat did something to 

something, and the new information is shown in the verb 

phrase, kegi-rol muuta 'ate the meat' . The object and the 

verb in this verb phrase bear the focus in the answer, and 

both are represented by H* accents as shown in Figure 62. In

(45) , there is no given information. The answer as a whole is 

the new information, and every accentual phrase contains a 

pitch accent, H*, and its boundary is marked by a low phrase 

accent (L-) as shown in Figure 63.

In these question-answer pairs, the phrase boundary between 

the adjacent accented phrases is clearly marked by an F0 dip. 

Unlike Figure 66 where the unaccented syllables maintain high 

F0, resulting in a plateau contour due to H tone spreading, 

the high F0 is not sustained on unaccented syllables between 

the two H* accents. This fact supports the claim (in section 

4.2.2.2) that an accentual phrase can have only one pitch

accent.
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And remember to bring along your rainwear _ 
H*+H- H*+H- H* L-L%

Figure 64
H tone spreading across phrases. From Pierrehumbert (1980)

As in each question-answer pair shown in section 4.4.1, the 

particular prosodic contour of the same text in each answer 

can be used exclusively for a particular question type. For 

example, the F0 contours in Figure 62 can be used as an answer 

exclusively for the question in (44). If the answer in (44) 

were used as an answer to the question in (43), it would not 

be a felicitous answer.

In sum, the F0 contours of the same sentence can change 

according to different locus of the focus. However, the 

surface syntactic structure does not determine the locus of 

intonational nucleus (the most prominent pitch accent in an 

utterance) from the set of the components that can be 

focused. Only different prosodic representation can represent 

the relation between the focused part and the unfocused parts 

(the relation between the new information and the given 

information).
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4.4.3 Lexical Focus

In the previous section, it is shown that the new information 

in an utterance can bear the intonational nucleus and change 

the overall pitch shape of the utterance. In this section, I 

show that there are focus markers which draw an H* pitch 

accent in an utterance.

In English, adverbs such as only, even, also, and just are 

associated with focus, and a simple NP which follows one of 

these adverbs can have focus. Jackendoff (1972) provides 

examples shown in (46), in which an NP preceded by even has a 

focus in the sentence.

(46) a) Even John gave his daughter a new bicycle.

b) John gave even his daughter a new bicycle.

c) John gave his daughter even a new bicycle.

However, if even in English lies in between a noun John and 

the verb gave, the readings are associated with different 

choices of focus; even can go with a new bicycle, the VP, and 

perhaps the entire S as shown in (47) (Jackendoff, 248)
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(47) John even gave his daughter a new bicycle.

John even gave his daughter a new bicycle.

John even gave his daughter a new bicycle.

John even gave his daughter a new bicycle.

John even gave his daughter a new bicycle.

John even gave his daughter a new bicycle.

In KNDK, there are such focus markers as -man 'only', cotfa

'even', and k'aci 'even'. These focus markers are always 

placed right after the noun. Unlike English, however, the 

focus scope is determined by the position of a focus marker: 

only the NP which immediately precedes the focus marker 

always bears a focus, but no other NP can. Accordingly, the 

intonational nucleus always falls on an NP immediately 

preceding a focus marker and only one interpretation is 

available. If it is necessary to add a focus marker to the 

verb, the verb should be norminalized by adding a 

norminalizer, -gi, to the verb stem. In (48d), for example, a 
norminalizer -gi is added to the verb stem, cu-, and the 

focus marker immediately follows the norminalized verb.
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(48) a) omma-k'aci kome-ral nuya-ege cutta.

mother-even potato-Acc. sister-to gave.

'Even mother gave potatoes to sister.'

b) omma-ga kome-k'aci nuya-ege cutta.

'Mother gave even potatoes to sister.'

c) omma-ga kome-rol nuva-k'aci cutta.

'Mother gave potatoes even to sister.'

d) omma-ga kome-rol nuya-ege cu-ai-k'aci hetta. 

'Mother even gave potatoes to sister'
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_______1200______1600______2000______3400______2800
-180 
-160
-140 /
-120 /
-100

omma-k'aci gome-ral nuya-ege cut ta
H* L- !H L- !H L%

1 3  3 1 4

omma-ga kome-k'aci nuya-ege cut ta.
H L- H* L- !H L- !H L%

3 3 3 4

Figure 65
Figure (a) is for the sentence in (48a). The focal part, the 
first NP, has an intonational nucleus and the remaining 
phrases show gradually decreasing F0. Figure (b) is for the 
sentence in (48b). The second phrase is the focal part and 
bears an intonational nucleus.
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800 1200 1600 2000 2400
-180 Z ' X
-160 • \
-140 _
-120
-100

omma-ga gome-ral nuya-k'aci cut ta.
H  L- !H L- H* L96

3 3 1 1 4

800 1200 1600 2000 2400 2800
-180
-160'"''
-140
-120

-100

o m ma-ga gome-ral nuya-ege cugi-k'aci het ta. 
H  L- !H L- !H L- H* L%

3 3 3 1 1 4

Figure 66
Figure (c) is for the sentence in (48c). The focal part is 
the third phrase and it blocks the declination. Figure (d) is 
for the sentence in (48d). Declination is blocked by the 
focal phrase.
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Though focus markers such as k'aci, -man, cotfa behave in the

same fashion, only -man can be used with the auxiliary adverb 

tanci 'only'. When used with -man, the position of tanci in 

the sentence is not restricted as long as it precedes the NP 

which immediately precedes -man. Moreover, the scope of focus 

is not related to the position of tanci. Instead, the scope 

of focus is determined by -man and limited only to the NP 

which immediately precedes -man, as shown in (49).

(49) a) tanci omma-ga kome-ral nuya-ege cu-ki-man hetta.

'Mother gave (my)sister only a potato.'

b) omma-ga tanci kome-rol nuya-ege cu-ki-man hetta.

H L-!H !H L-H* L%

1 3  1 3  1 4
c) omma-ga kome-rol tanci nuya-ege cu-ki-man hetta.

H ! H L-!H L-H* L%

1 1 3  3 1 4

d) *tanci omma-ga kome-rol nuya-ege cutta.

(49d) is not acceptable because the focus marker -man is 

missing, tanci cannot be used alone. It can be used only with 

the focus marker -man.
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1100 1600 2100 2600 3100 ms

-180
-160
-140
'120 tanci omma-ga -100 kome-ral cugi-man

nuya-ege
!H L- !H L - H*

3 3 1

hetta.

1
H L- 

3 4

Figure 67
F0 contours for a sentence in (49a). The focal part is on the 
norminalized verb, which is followed by -man.

In this section, it has been shown that the NP which is 

immediately followed by a focus marker (-man, k'aci, cotfa)

bears an H* pitch accent. In the next section, I show that 

contrastive focal parts in an utterance bear the most 

prominent pitch.

4.4.4 Contrastive focus

Taglicht (1984) defines 'contrastive' as 'presented as one of 

a pair of opposites' in contextual-pragmatic concept. So, 

when some items in an utterance are used as contrastive, the
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contrastive items may have a nuclear accent. For example, a 

pair of words, report and broadcast in (50) are used 

contrastively, and they bear a nuclear accent.

(50) The boss asked you to report the problem, not broadcast 
it. H* H*

In KNDK, examples of contrastive focus can be found in

affirmation and negation structure. as shown (51) and (52)

In both examples, nuya 'sister" and oima 'mother' are used

contrastively, and they bear a nuclear accent.

(51) Q: cip-e nuya it-na?
house-Loc. sister there-is?

'Is your sister home'

A: nuva-non sbcro. omma-non itta.

sister-Nom. isn't mother-Nom. is.

'Sister is nob home, but mother is.'

(52) Q: nuya-hago omma-ga hetna?
sister-with mother-Nom did?

'Did mother and sister do this?'

A: nuva-nan an-hago, omma-cra hetta.

H* L- !H L% H* L%

3 4 1 4

sister-Nom Neg.-do mother-Nom did

'Sister didn't do that, but mother did. '
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-180
-160
-140
-120
-100

2000 2400 2800______3200

nuya-nan gbgo omma-an it ta
H* L- !H L %  H* !H L %

3 4 1 4

Figure 68
Contrastive use of nuya 'sister' and oirnna 'mother' in (51). 
They bear nuclear accents.

Examples in (53) also show contrastive focus in comparative 

structures.

(53) a) nuva-boda
sister-than

pmma-ga nore-rol cal handa. 
mother-Nom sing-Acc. well do.

'Mother sings better than sister.'

nuya-non 
H

saga-boda subag-ol
L- H* 
3

L- H* 
3

L-
3

coahanda. 
! H L%

4
sister-Nom. apple-than watermelon-Acc. like. 

'Sister likes apples better than watermelons.'

c) an-boda
H* L-

1 3
inside-than

bagi
H*

outside

t'asida.
L%
4

warm

'Outside is warmer than inside.'
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___  1200 1600 2000 2400______2800
-200 
-180 
-160 
-140 
-120 
-100

nuya bod a omma-ga nore-ral cal hand a.
H* L- H* L96

1 3  1 1 1  4

Figure 69
Contrastive use of nuya and oirnna in a comparative structure 
in (53a)

In addition to the above structure types, subjunctive 

structure can be used as contrastive, and the contrastive 

item may bear a nuclear accent.

(54) a) ni-ga k'akko-mo na-non muk'e .
you cut-if I eat

'If you peel, I will eat.'

ni-ga s' ecro cu-mo na-non k'aca cuk'e.
H L- H* L% H L-- H* L%

3 1 4 3 1 4

you new give-if I candy give

: you give me the new one, I will give you a candy
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20001200 1600
-180
-160
-140
-120

-100

ni-ga k'akkamo 
H L- H*

Figure 70
Contrastive focus in subjunctive structures in (54a)

In this section, I showed how pitch shape of an utterance is 

affected by contrastive focus which can be found in 

affirmation and negation structures, subjunctive structures, 

and comparative structures. In the next section, I show how 

pitch shape of an utterance changes according to the relation 

between focus and negation.

4.4.5 Focus and Negation

Often negation does not apply to an entire sentence, but only 

to part of it. When negation applies to a part of an 

utterance, the negated part is accompanied by a primary focus 

and presupposes that some part of an utterance is
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true/affirmative. For example, for the same sentence shown in

(55), the presupposition of each utterance is different 

depending on the locus of focus.

(55) nuya-ga paq-eso si-ral an s'otta.
sister-Nom room-in poetry NEG wrote.

If the subject nuya 'sister' is a focal part, it presupposes 

that somebody wrote poetry in the room. If the locative paq- 

eso 'in the room' is a focal part, it presupposes that 

sister wrote poetry somewhere, but not in the room. If the 

object si 'poetry' is a focal part, it presupposes that 

sister wrote something in the room, but not the poetry. 

However, if the verb s'otta 'wrote' receives the most 

prominent pitch accent, possible presuppositions increase. It 

may presuppose either one of (56a), (56b), and (56c). Or, it

may presuppose that sister read the poetry, but didn't write 

it.

(56) a) nuva-aa paq-eso si-rol an s'otta.
'It wasn't sister that wrote poetry in the room.'

b) nuya-ga paq-eso si-rol an s'otta.

'It wasn't in the room that she wrote poetry. '

c) nuya-ga paq-eso si-rol an s'otta.

'It wasn't poetry that she wrote in the room. '
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d) nuya-ga paq-esa si-ral an s' 9tta.

xShe didn't write poetry. Instead, she read poetry 

in the room.'

-  # #
400 800 12p0 1600 2000

-180
-160
-140
-120

-100

nuya-ga parj-esa
H* L-

1 3

si-ral an s'at ta
!H L%

1 4

-180
-160
-140
-120

-100

800 1200

z

1600 2000

X

nuya-ga parj-esa 
H  L- H*

3

si-ral an s'at ta 
L%

1 1 4

Figure 71
Figure (a) is for (56a), and Figure (b) for (56b)
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(d)

400 800 1200 1600 2000
-180
-160
-140
-120

-100 -X

nuya-ga pag-esG si-ral an s'at ta.
H L- !H L- !H L- H* L96

3 3 3 4
Figure 72
Figure (c) is for (56c) and Figure (d) for (56d). The speech 
segmentation caused in this figure is not an acoustic signal 
of boundary. The segmentation results from a consonant /s/. 
As the pitch value of a syllable bearing /s/ increases, more 
segmentation occur.
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4 „ 4 „ 6 Possible Sequences of Pitch accents in Focus 
Structure

To summarize the possible sequences of pitch accents in focus 

structure, there are two types of sequences, as shown in

(57).

(57) (a) H { !H> H* { !H}
(b) H* {!H}

The pitch accent in a curly bracket means that a downstepped 

H tone may be either present or absent depending on the 

presence or absence of phrases intervening between H and H*. 

If we re-write the sequences shown in (57), they would look 

like in (58). However, the number of !H tone either following 

H* or preceding H* is not limited to one, if any.

(58) (a.) H !H H*
H H* !H
H !H H*
H H*

(b) H*
( H* !H

H* !H
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As the above sequences show, either H or H* is possible at 

the beginning of an utterance. (H represents non-nucleus 

accent and H* nucleus accent in an utterance.) However, !H is 

not possible at the beginning of an utterance because there 

is nothing that precedes !H. (Though (57) shows just one

occurrence of H* accent, it is possible to have more than one 

H* accent in an utterance as shown in multiple foci (in 

section 4.4.2)) .
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4 » 5 Utterance Type

In the preceding sections, only declarative utterances with 

different aspects of focus have been considered. In this 

section, I show how intonation patterns change according to 

different utterance types and how different intonation 

contours can be represented by tone labels and break indices.

4=5.1 Interrogative®

As typical declarative utterances are marked by a terminal 

ending -da, which carries a terminal boundary low tone in

most cases, interrogatives are marked by terminal endings,
)

such as -na, -no, or -le. The marker -no is used for wh- 

questions, and -na for yes/no questions. Though there is a 

tune difference between yes/no question (rising intonation) 

and wh-question (falling intonation) in standard Korean and 

in English, there is no tune difference between the two 

different question types in KNDK. Both question types display 

a terminal fall of F0 to the bottom of speaker's pitch range 

at the end. This fact is illustrated in Figure 73; this 

figure shows corresponding F0 contours of the sentence given 

in (59).
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(59) a. m3 muk-no?
what eat-Int.

'What are you eating?'

b. ms mut-na?

something eat-Int.

'Did you eat something?'

-180 (a) (b)
-160 /  \

-■:
-140

r-120 X
-100 T. .

m a  muk-no f m a  mut-na?
H* L% H  L- H* L%

1 A 3 A

Figure 73
Figure (a) is for yes/no question, and Figure (b) for wh- 
question in (59).

Unlike -na or -no, however, -le can be used for either yes/no 

questions or wh-questions, depending on different intonation 

contours. For example, when the given sentence in (60) is 

uttered as yes/no question, there are two prosodic phrases 

and their phrase boundaries are characterized by a phrase- 

final lengthening of the first phrase as shown in Figure 74a. 

If the same sentence is uttered as wh-question, it forms one 

phrase and the duration of mo is much shorter as shown in 

Figure 74b. In this case, the different F0 contours between



the two different question types are well represented in a 

tone tier and a break index tier.
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(60) a. mo mul-le?
what eat-Int.

- 1 8 0
-1 6 0
-1 4 0
-120
-100

(a)

mo
H  L- 

3

mul.le? 
H* L96

4

(b)

mo mul.le?
H* L %

1 4
400 700 1000 1300 1600 ms

Figure 74
(a) is for yes/no question, meaning "Do you want to eat 
something?", and (b) is for wh-question, meaning "What do you 
want to eat?".

From the data given above one may think interrogatives always 

carry a terminal low boundary tone at the end like 

declaratives, but there are exceptions - not every 

interrogative utterance carries a terminal fall. When a 

single word is used as an interrogative, then there is an F0 

rise at the end as shown in Figure 75. In Figure 75a, high F0 

is maintained from the second syllable (an H toned syllable) 

to the end without a terminal fall, and in Figure 75b, high
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F0 is maintained from the first syllable (an H toned syllable) 

to the final boundary tone. The tonally unmarked second 

syllable fills the space between a lexical H tone and a 

boundary H% tone.

( 3.)

■ 200
■ 180 /----
■ 160 
• 140 
■ 120
. 100 na.mu

H H% 
‘tree’

ha.nal
I
H H%
'tree*

Figure 75
Interrogative F0 contours for a single word.

Interrogatives are used as echo questions, there is also an F0 

rise at the end. F0 contours in Figure 76 are echo questions 

of interrogatives in (59). In most cases, these echo 

questions show speaker's anger or sarcasm. The major 

difference from Figure 73 is fall-rise pattern at the end.

The fall-rise is represented by an L- phrasal accent followed 

by an H% boundary tone.
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-180
-ISO
-140
-120
-100

m a  m u k  -no?
H* L-H* L- U %

Figure 76
Echo question of (59)

Though a whole question is repeated in echo questions as 

shown in the above figure, sometimes it is not necessary to 

repeat a whole question. Instead, it can just repeat an 

interrogative word as shown in (61). It also shows a fall- 

rise contour as shown in Figure 77, and the speaker expresses 

his anger.

(61) A: we gret-no?
why did-Int.

'Why did you do it?'

B: we? s'oqi na-so! kogotdo mollat-na?

why? anger occur-because that didn't-know-Int.

'Why? Because I was angry. Didn't you know that?'
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900 1300 1700 2100 250C 2900 5300
-200
180 ,r\
160 \ / \

\140
120

-

100 w e hwa-ga ** -V

H* L- H % na
H*

S3
L%

kagatdo mollatna 
H* L%

A 1 A 1 A

Figure 77
F0 contours for the utterances in (61b)

Though speaker B repeats a question of speaker A in echo 

questions, the speaker B may use an interrogative word to 

elicit repetitions of the utterance of speaker A, which is 

called a reclamatory question (Bolinger 1989). In reclamatory 

questions, a speaker may ask for a complete repetition of an 

utterance, or just a part of an utterance. In the following 

dialogue in (62), speaker B is asking speaker A to repeat the 

whole utterance, and speaker B is using a rising intonation 

as shown in Figure 78a.
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(62) A: Omma-ga ssnmul-dl sawatta.

mother present bought 

'Mother bought a present'

B: mo? 'What?'

A: Omma-ga sonmul-ol sawatta.

However, the same interrogative word, mo 'what', can be used 

in different ways in conjunction with different intonation 

patterns. In (63), speaker B is not asking speaker A to 

repeat the whole utterance, speaker B asks what the present 

is and uses a falling contour as shown in Figure 78b. In 

(64), speaker B does not ask at all. Instead, the speaker 

expresses his astonishment and uses a fall-rise contour as 

shown in Figure 78c.

(63) A: Omma-ga sonmul-ol sawatta.

B: mo? 'What?'

A: panci. 'A ring'

(64) A: hoqsu-ga natta.

flood occur 

'It is flooded'

B: mo? 'What?'
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13001100 1500 ms
Figure 78
Figure (a) is for the dialogue in (62), (b) for the dialogue
in (63), and (c) for the dialogue in (64)

In the following dialogues of (65) and (66), speaker B is 

using an interrogative word to ask speaker A to repeat a part 

of an utterance. In this question type, only H*L% contours 

are often observable as in an declarative utterance.

(65) A: nuya-ga oje migug-e gatta
sister yesterday America went

'Sister went to America, yesterday'

B: nu-ga. 'Who?'

H* L%

A: nuya-ga. 'Sister'

(66) A: nuya-ga aje migug-e gatta

B: onje? 'When?'

H* L%

A: oje 'Yesterday'
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4,5,2 TAGS

In this section, I examine what types of phrase boundary 

markers are appropriate between the main clause and the tag, 

and how pitch in the tag is realized as well.

English uses the auxiliary verb in the tag construction, but 

it also allows nonauxiliary tag in question form as shown in

(67) .

(67) It's too soon, hunh?

He is coming, eh?

This is your house, no?

Though KNDK does not have two types of the tag (with/without 

an auxiliary verb in the tag), it uses nonauxiliary tag in 

question form as shown in (68) and (69).

a. omma-ga hetcana, aiga?

mother-Nom. did no?

'Mother did (it), no?'

b. nuya-ga gace, matce?

H* L- !H L% H* . L%

3 4 4
sister-Nom. going. right?

1 Sister is going, right?'



213

a. omma--ga oce, koca?

mother-Nom. coming, right?

'Mother is coming. right?'

b. com muk-ca. oq?

H L- H* L% L*H%

3 4 4

please eat-let. huh

'Please, let me eat , huh?'

The tags in (68) use a falling intonation at the end of the 

tag as shown in Figure 79, while the tags in (69) use a 

rising intonation at the end of the tag as shown in Figure 

80. That is, the tagged elements are different intonation 

carriers of the tag. For example, alga carries rise-fall 

contour, while Jcoca carries rising contour. (The tagged 

element aiga is often used when one wants to express one's 

anger, while koca is often used by a speaker to get a 

confirmation of what he said from a hearer.) In each figure, 

there is a clear disjunction in F0 between the main clause and 

the tag, and the F0 fall is complete by the end of the main 

clause and the tag. Moreover, the tag has a pitch range which 

is not subordinated to the pitch range of the main clause; 

the pitch of the tag is not under the control of declination
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of the main clause. Based on these facts, we can assign a low
boundary tone (L%) between the main clause and the tag.

1600 2000 2400 2800 3200
-180
-160 .v-140 -

-120 •-100 —

omma-ga het cana a i ga?
H L- H* L% H* L%

3 4 4
Figure 79
F0 contours of the tag in (68a).

■ > »
_______  1200 1600 2000
-160 
-140 
-120 
-100

omma-ga o ce, ka ca?
H* L- !H L% L* U %

3 4 4

Figure 80
F0 contours of the tag in (69a).
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Questions are not the only things tagged in KNDK. The omitted 

argument that precedes the main verb can be tagged when the 

speaker thinks it is necessary to clarify what he meant to 

say. When this happens, the boundary between the main clause 

and the tag shows a disjunction in most cases. However, the 

disjunction between the main clause and the tag should not be 

marked by a low boundary tone due to the following two 

reasons. One is that the ending F0 in the main clause does not 

reach the bottom of speaker's pitch range, the other is that 

pitch in the tag is realized much lower than the pitch in the 

main clause (a pitch range in the tag is subordinated to the 

pitch range of the main clause). Accordingly, we can mark the 

boundary between the main clause and the tag with a phrase 

tone, L-, and the accented syllable in the tag with a 

downstepped H tone, !H.

a. pab mutta. nega.

rice ate. I-Norn.

b. kirin batta. doqmulwan- eso.

H L- H* L- ! H L%

3 3 4

giraffe saw. zoo-in

1(I) saw the giraffe in the zoo.'
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c. omma-ga dadatta, mun-sl.

H* !H L-, !H L%

1 3  4

mother closed, door-Acc. 

'Mother closed, the door.'

Figure 81
F0 contours of the tag in (70a)

Vocatives can be tagged to the main clause too as shown in

(71). As in (70), the boundary between the main clause and 

the tag is marked by a phrase low tone, L-, and pitch accent 

in the tag is marked by a downstepped H tone, !H.
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(71) a) pab mura, Gahyune-a.

rice eat, Gahyune-Voc. 

'Eat rice, Gahyune-a.' 

b) igat bara, omma. 

this see mother 

'See this, mother.'

Figure 82
F0 contours of the tag in (71)

In sum, the phrase boundary between the main clause and the 

tag in question form is marked by an intonational boundary 

tone (L%), while the phrase boundary between the main clause 

and the tag in non-question form is marked by an accentual 

phrase boundary tone (L-). And the pitch accent of the tag in
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question form is not affected by the main clause, while the 

pitch accent of the tag in non-question form is downstepped 

from the nuclear pitch accent of the main clause.

4.5.3 Imperatives

Imperatives are typically marked by terminal endings, such as 

-la, -he, and -a. In imperatives the verb carries an 

intonational accent and its pitch range is much higher than 

in other utterance types.

(72) a. pab mog-o! 'Eat rice'

b. coyoqhi-he! 'Be Quiet'

c. koqbuhe-la! 'Study'

Figure 83
F0 contours of (72a) . The peak F0 value is quite high.



219

4,6 Prosodic Cues for Disambiguation

Different use of tune in terms of the interaction of 

phrasing, accent placement, and pitch range may be unlimited 

so that the same sentence can be said with many different 

tunes and the same tune can occur on many different 

sentences. However, these prosodic elements are nevertheless 

constrained in a way to represent different syntactic 

structures. Thus, the aim of this section is to examine how 

these prosodic elements interact to distinguish fundamentally 

different syntactic structures, and to provide proper 

prosodic representations for each different structure.

One of typical sources of variation in intonation contour for 

the same string of words originates from different syntactic 

structures. If we take English shown in (73) for example, the 

proper noun 'Manny' in (73a) is the object of the verb 'win', 

whereas the same proper noun in (73b) preceded by a comma is 

a vocative.

(73) a. Anna will win Manny, 
b. Anna will win, Manny.

The different syntactic structure between the two sentences 

in (73) is also reflected in the different use of phrasal
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tone, accent placement, and boundary tone as shown in Figure 

84. First, the terminal boundary tone in Figure (a) is L%, 

representing terminal fall at the end of utterance, while the 

terminal boundary tone in Figure (b) is H%, representing 

terminal rise at the end. Second, the phrasal tone L- is 

absent in Figure (a), while the phrasal tone L- is present 

right at the comma in Figure (b). Third, the pitch accent L* 

is absent in Figure (a), while the pitch accent L* in Figure 

(b) represents the lowest pitch value at the proper noun 

'Manny'.

360 (a)
320 _ J  "•
280 :
240 ^  ‘ - \
200 x  
160 
120

Anna w ill win Manny.
H *  H *  L-L96

360 /  • 0 »
320
280 . "
240 .-■;
200
160
120 Anna will win, Manny.

H *  L- L *  L -H %
1 1 1  4 3 4

Figure 84
Figure (a) represents a typical declarative contour, and 
Figure (b) a vocative contour, (from ToBI)

Though syntactic structure of KNDK is different from that of 

English, similar phenomena are observable in KNDK. For 

example, the sentence given in (74) can have two different 

syntactic structures. One is shown in Figure 85, in which 

omma 'mother' is used as a possessive noun and hah 'rice' as
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a head noun. In this intonation contour, the pitch value 

drops gradually throughout the utterance, and it does not 

show strong disjuncture. However, in Figure 86, the noun omma 

is used as a vocative and the noun bab as an object of the 

verb. There is a strong disjuncture between a vocative and an 

object noun, which is represented by break index 4 and L% 

boundary tone. Due to strong disjuncture, lenis stop voicing 

in the onset consonant of 'pab' is blocked, while the onset 

/p/ in Figure 85 undergoes lenis stop voicing.

(74) omma pab mura
mother rice eat.

Figure 85
Intonation contour for a possessive noun followed by a head 
noun.
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Figure 86
Intonation contour for a vocative noun followed by an object 
noun.

A vocative can also contrast with an appositive in its use of 

tune. For example, for the given string in (75) , the proper 

noun, Miran, can be used either as a vocative or as an 

appositive. When it is used as a vocative, there is a clear 

intonational phrase boundary, which is marked by a terminal 

boundary tone, L%, and the break index 4, as shown in Figure 

87. When Miran is used as an appositive, it forms a single NP 

with the following NP, and the intonational nucleus falls on 

the first syllable of the NP to which Miran is linked, as 

shown in Figure 88.
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(75) Miran, ka-nsn ip'uda
Miran that-person-Nom. pretty

< #

800 1200 1600 2000
160

140

120
100

Miran,
H* L% 

______4
Figure 87
Miran is a vocative

\

ka-nan i pu'da
H* L- !H L% 

3 4

2800 3200

160

140

120
100

V-

Miran ga-nan i pVada.
H* L- !H L%

1 3 4

Figure 88
Miran is an appositive linked to the NP ga-nan
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The examples that have been considered so far focus on tune 

differences between a vocative and a possessive noun, and 

between a vocative and an appositive. Another example of 

different tune of the same string of words due to different 

syntactic structure can be found from the scope of a 

modifying adverb. In (76) for example, the time adverb oje 

'yesterday' can modify either the verb of a main clause, 

mutta 'eat', or the verb in a subordinate clause, s'almta 

'boil' . If the adverb oje modifies the verb of a main clause, 

it means 'Yesterday, (one) ate the boiled egg'. In this 

interpretation, pitch prominence imposes on the verb of the 

subordinate clause, and a break index 3 and an L- phrasal 

tone are marked right after Qje, as shown in Figure 89. If oje 

modifies the verb in a subordinate clause, it means '(one) 

ate the egg that was boiled yesterday' In this 

interpretation, the pitch prominence is placed on the adverb 

and there is no phrasal tone intervening between H* and L%.

(76) oje s'almo-n geran-ol mutta.
yesterday boiled-Rel. egg-Acc. ate.
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Figure 89
The time adverb, oje, modifies the verb of a main clause.

Figure 90
The time adverb, oje, modifies the verb of a subordinate 
clause.
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In addition to the above three cases, coordinate structures 

may bear ambiguities due to different constituent structures. 

For the given string in (77), the noun, omma 'mother', can 

make a constituent either with a preceding NP or with a 

following NP. If it makes a constituent with a following NP, 

nuya, it will function as an object. Otherwise, it will make 

a constituent with a preceding NP, na-nsn, and function as an 

object. The difference in constituent structures are signaled 

by the intonational phrasing. When omma makes a constituent 

with a following NP, the subject NP alone makes an 

intonational phrase. When omma makes a constituent with a 

preceding NP, it makes an intonational phrase with the 

preceding NP. The different intonational phrasings and 

prosodic representations are shown in Figure 91.

(77) na-non omma-hago nuya-rol manaro gatta

I-Nom mother-and sister-Acc. meet-to went

a) [subj.] [ object ]

b) [ subject ] [object]
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\X

na-ngn
H* L% 

4

omma-hago nuya-ral mana-ro gat
H* L- !H

3 1 1

ta
L%
4

na-nan omma-hago
H H* L%

3 4

nuya-ral mana-ro gat ta
H* L%

1 1 4

Figure 91
Different phrasings due to different constituent structures.

In this section, it has been shown that the same string of 

words with two competing syntactic structures can be 

disambiguated by prosodic cues such as accent placement and
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phrasing, which are represented by break indices and tone

labels.
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4,7 Conclusion

In this chapter, it has been shown that a given string of 

words may bear different intonation patterns due to different 

syntactic structures, different utterance types, and 

different semantic/pragmatic forces. When two identical 

strings of words are intonationally differentiated, these 

different intonation patterns are realized by different 

phrasing, different aspects of focus, and different tunes.

In addition to the examination of diverse intonational 

structure of KNDK, this chapter also focused on the 

representation of diverse intonational patterns based on the 

ToBI system. Though KNDK does not need all the pitch accents 

which ToBI uses for the transcription of English intonation 

patterns, KNDK has what ToBI uses for the transcription of 

intonation patterns. For example, we can clearly represent 

the locus of intonational nucleus, the relative pitch 

prominence among accented phrases, and different categories 

of boundaries in the three tiers (segmental tier, tone tier, 

and break index tier). This representation is linguistically 

significant because it conveys much of information that is 

not explainable by syntax and morphology.
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CHAPTER 5 

COB&CLUSIOH

The preceding chapters have focused on the representations of 

diverse F0 realization in an utterance. I proposed in Chapter 

2 that the tone patterns of KNDK in word level can be 

represented in terms of tone underspecification and phonetic 

interpolation. In this representation, there is a lexically 

linked high tone and a non-lexical boundary low tone, and the 

tone of free tone-bearing unit intervening the two tones is 

not determined by phonological rules, but represents an 

interpolation between the two fixed tone targets.

Accordingly, not every tone-bearing unit is specified for 

tone even at the surface.

Chapter 3 has provided a quantitative representation of 

declination and its interruption by different aspects of 

focus in the declarative intonation pattern. When declination 

takes place, nucleus pitch values in each phrase are 

represented in a certain successor relation. When declination 

is interrupted by different accent placement, the realization 

of focused pitch values is not affected by declination. 

However, we need to collect more data in order to elucidate 

the relation between declination and focus and help develop 

quantitative computational modeling.
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In Chapter 4 diverse intonation patterns are represented in 

tiers which consist of a segmental tier, a tone tier, and a 

break index tier. This prosodic representation not only 

describes much of the alternation in speech signals, but also 

conveys much of the information that is necessary to retrieve 

intonational meanings. A representative system for prosody is 

a prerequisite for a more detailed theory connecting prosody, 

syntax, and interpretation. Chapter 4 provides examples that 

underline the need for such a theory, since there are many 

subtle factors that influence F0 contours. Though the scope of 

dissertation is limited to the prosodic representation of F0 

realization and it does not show how the prosodic properties 

should be treated theoretically, a robust system of prosodic 

representation will be particularly important in basic 

research in speech and natural language processing, and in 

the technology for building high quality speech synthesis and 

spoken language understanding system, as Silverman et al.

(1992) argue. I hope that this dissertation can shed light on 

the prosodic transcription of Korean, and I anticipate 

developing a comprehensive theory of intonation in a future 

study.
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