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ABSTRACT

The purpose of this thesis is to investigate the acoustic characteristics
of tones and the syntactic, semantic, and extra-linguistic nature of intonation
in order to design a simple linear phrasing and pitch contour model for a
text-to-speech program in Japanese.

In the model, sentences are, first, parsed semi-automatically into
intermediate (major) phrases. In doing so, the interactions of syntactic,
semantic, and extra-linguistic factors are framed as the algorithmic linear
parsing model which creates at least three types of phrasing variations for
given sentences.

Once the intermediate phrase boundaries are located, the accentual
phrasing algorithm parses intermediate phrases into accentual (minor)
phrases by means of examining accentuations and accentual features of
words in a two-word-sized-window-cursor. Whenever there is at least one
item in the cursor which is underlyingly (originally) accented, an accentual
phrase boundary is inserted in between the items.

Based on Pierrehumbert and Beckman's (1989) mechanism, relevant
tones are assigned to the accentual phrases. These tones are then scaled in
transform spaces to have vertical spatial values. The scaled tones are
linearly interpolated to draw a schematic pitch contours, completing the
operations which provides a speech synthesis program with natural pitch

contours.
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Chapter 1

Introduction

1.1 Aim

The purpose of this thesis is to investigate the acoustic characteristics
of tones and the syntactic, semantic, and extra-linguistic nature of intonation
in order to design a simple phrasing and pitch contour model in Japanese.
The aim of designing such a model is to assist the development of a text-to-
speech synthesis program which is small enough to be implemented on a
personal computer. One meaningful application of the speech synthesis
program is the development of a Japanese language instruction software.
The speech synthesis program should be able to convert a fairly simple
typed-in text to a human-like sound using such a technology as LPC-
encoded! demisyllables (Browman, Fujimura and Ohira 1982; cf. Klatt 1987).

Although linguistic theories and notions are employed throughout the
thesis, it must be made clear that it is not the aim of this study to develop a

coherent linguistic theory of Japanese prosody.

1.2 Approach
In developing a speech synthesis program, there must be linguistic
input which assists the synthesized speech to have a natural, non-machine-

like pitch contour. The way to create such a pitch contour is, of course, to
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model a contour which is observed in natural speech. One way of doing so is
to: (i) parse a sentence into different sizes of phrases; (ii) mark the phrases
by tones which will be set at strategic points; and (iii) linearly interpolate
these tones to draw a schematic pitch contour which is close to a natural
contour. In general, this is what Pierrehumbert and Beckman's (1989)

prosodic model does and it is the model on which [ will mainly rely.

1.3 Topics

In Chapter 2, Pierrehumbert and Beckman's prosodic model is
examined. The aim is to understand the nature of Japanese tones and to
acquire tools to create a basic framework of the phrasing and pitch contour
model suited for speech synthesis.

Pierrehumbert and Beckman's model has some unique features. The
first unique feature is that in their representation of an utterance in Tokyo
Japanese, tones are sparsely specified on the surface representation of an
utterance. The seobnd unique feature is that an utterance is represented as
a hierarchical prosodic tree which incorporates three major components of
an utterance; i.e., the segmental component, the tonal component, and the
structural component. The third unique feature is that the model is not
merely a phonological model but has a device which transforms the tree
representation of an utterance into a schematic pitch contour suited for
speech synthesis. All these features of Pierrehumbert and Beckman's model
are examined. Also, the model is compared with some other phonological

and phonetic models.



Chapter 3 investigates how a larger intonational phrase, which, in
general, is marked by a pause, is parsed into smaller, accentual phrases
which, very roughly speaking, correspond in size to that of a content word or
two. An acoustic experiment is conducted to discover the factor which
determines the accentual phrasing. That is, is the conditioning factor of the
accentual phrasing syntactic or phonological? This finding is, then,
implemented in an accentual phrasing and pitch contour model which can
automatically parse an intonational phrase into accentual phrases and assign
relevant tones to the phrases to create a schematic pitch contour of the
intonational phrase. Prior to the discussion of the above main issue, there is
a discussion of the accentual characteristics of Japanese postpositions
(particles) because they play significant roles in the accentual phrasing.
Following the main issue, then, there is another experiment to investigate
the effect of narrow-focus on the accentual phrasing.

What is investigated in Chapter 4 is the correlation between the
iterative application of catathesis (pitch compression caused by an accent)
and syntactic trees. Despite the claims of Poser (1984) and of Pierrehumbert
and Beckman (1989) that an accent conditions catathesis in any
environment, Kubozono (1985) makes an interesting claim that catathesis is
blocked in a right-branching phrase. An experiment is conducted to examine
whether there is any difference between the iterative application of
catathesis in right-branching and left-branching phrases. If the difference is
found and the blocking of catathesis is observed, another experiment is
conducted to examine whether catathesis is actually blocked or that the

catathesis effect is merely obscured by a syntactic configuration of a phrase.
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In Chapter S, based on Nespor and Vogel (1986), a simple algorithmic
intonational phrasing model is designed. The model is simple in the sense
that it can parse simple sentences but cannot parse complex, embedded
sentences into intonational phrases. This limited capability of phrasing is
due to the linear parsing which regards a sentence merely as a string of
lexical items which are tagged with such information as parts-of-speech
classifications and syntactic and sematntic features. Sentences are phrased
into intonational phrases with no recourse to hierarchical syntactic
structures of the sentences. Although primitive, the model has the capability
of predicting the locations of boundaries which may vary depending upon
the interaction of the syntactic, semantic, as well as extra-linguistic factors,
such as length of sentence or style of speech. To design thus such a phrasing
model, the following two issues are examined: (i) the syntactic and semantic
factors which condition or may condition an intonational phrase boundary;
and (ii) the effect of the extra-linguistic factors on the syntactic and semantic
factors in conditioning boundaries. Examples are used to demonstrate: (i)
how these syntactic, semantic and extra-linguistic factors interact with each
other to provide variations in the intonational phrasing; and (ii) how
algorithmic rules identify these syntactic and semantic factors and insert
intermediate phrase boundaries at appropriate locations in the text of a
sentence.

In an application, the above algorithmic intonational phrasing model is
attached to the accentual phrasing and pitch contour model developed in

Chapter 3 so that a typed-in text will, if successful, create schematic pitch



contours which resembles those observed in natural speech once the whole

model is implemented in a speech synthesis program.

Endnotes

I Linear prediction of speech wave (cf. Atal and Hanauer 1971).



Chapter 2

Theoretical Background

The issue of this chapter is to examine Pierrehumbert and Beckman's
(1989) prosodic model in comparison with other engineering and
phonological models. The aims of doing so are:

(i) to understand the characteristics of Japanese prosody;

(ii) to obtain tools to investigate such issues as accentual phrasing and its
conditioning factor (in Chapter 3) and the correlation between catathesis
(pitch compression) and syntactic tree branchingness (in Chapter 4); and

(iii) to acquire a basic framework to design an algorithmic phrasing and pitch
contour model for speech synthesis.

Pierrehumbert and Beckman's model is binate in that, as a speech
synthesis model, it is a target level model and as a phonological model, it is a
hierarchical autosegmental model. The hierarchical autosegmental model is
a sophisticated prosodic model and is autonomous in that it does not depend
on the target level model. Contrary, the target level model depends on the
hierarchical autosegmental model to function as an application model to
speech synthesis. While employing Ladd's (1983) classification of

intonational models, I will introduce Pierrehumbert and Beckman's model.



Hierarchical Autosegmental Model

Figure 2.1 |
Diagrammatic representation of Pierrehumbert and Beckman's prosodic
model.

2.1 Two Main Schools of Intonational Models

In spite of the common assumption that a continuously changing
contour can be regarded as a realization of a series of discrete units,
according to Ladd (ibid), in the study of intonational models (applied to
speech synthesis), there are two main schools of thought, i.e., the Contour
Interaction (CI) approach and the Tone Sequence (TS) approach. The CI
approach (Cohen and t'Hart 1967; O'Shaughnessy 1979; O'Shaughnessy and
Allen 1983; etc.), takes either a phrasal or sentential contour as a basic unit
of intonation. Factors affecting fundamental frequency (F0)!, such as focus
or segmental effects, are superimposed on the basic contour.

In O'Shaughnessy's (1979) feature model, for example, a sentential FO
contour is regarded as a product of interactions between the two basic
features, i.e., “FO rise” and "FO fall” at four different prosodic levels, i.e., the
phoneme, the word, the phrase, and the sentence. At the phonemic level, a
"FO rise” represents a FO effect of a voiced consonant whereas a "FO fall"

represents that of a voiceless consonant. At the word level, a "FO rise”



represents an emphatic stress contour before a nucleus whereas a "F0 fall”
represents the one after the nucleus. At the phrasal level, syntactic
boundaries are represented either by a non-stress “continuous rise” or by a
stress "broad fall and rise". Finally, at the sentential level, the features
represent a terminal FO fall of a statement and a terminal FO rise of a
question.

Fujisaki and Hirose's (1980) sentential model for Tokyo Japanese is
_another type of CI model, evolved from Fujisaki's earlier word contour model
(Fujisaki and Sudo 1971, Fujisaki and Sugito 1978) based on the framework
laid out by Ohman and Lindqvist (1966). In the word model, a word contour
is treated as the product of interactions between a baseline which arises at
the beginning of a word and declines steadily towards its end and an accent

contour which rises and declines rapidly at the location of accentuation.
Basically, the same mechanism is applied to synthesizing a sentential FO
contour which is regarded as an exponential function of the control signals of
two components, i.e., a phrasal component which is a phrase-sized declining
contour and an accent component which is a local FO hump of a pitch accent.
The second school of intonational models takes a different approach
which is based on the inventory of phonological units, such as High and Low
tones and analyzes a contour as a series of tones which are associated with
accents and boundaries. Pierrehumbert and Beckman's target level model
belongs to the TS (tone sequence) approach and originates, in many aspects,
in Pierrehumbert (1980), Liberman and Pierrehumbert (1984), Anderson,
Pierrehumbert and Liberman (1984), Beckman, Hertz and Fujimura (1983)

and Beckman (1986). In Pierrehumbert and Beckman's target level model



for Tokyo Japanese, tones which function as target levels are linearly
interpolated to create a schematic pitch contour. Non-local FO effects, i.e.,
declination and final lowering, are applied on the pitch contour which will
then be filtered to gain a smooth contour close to the one observed in real
speech. One of the aspects of Pierrehumbert and Beckman's framework is
that their target level model is not a mere speech synthesis model but
constitutes a part of an innovative phonological model, i.e., a hierarchical

autosegmental model.

2.2 Pierrehumbert and Beckman's Hierarchical Autosegmental Tree
Representation of Utterances

In the hierarchical autosegmental model, an utterance is represented
as a prosodic tree, such as the one shown in Figure 2.2, which incorporates
three major components of the utterance, i.e., the segmental component, the

tonal component and the structural component.
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Utterance

Intermediate
Phrase

Accentual
Phrase
Word
Syllable

Mora

----------------------------------
-----------------------------------------

-------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------

aos o ka made oorsogide  [kimasuka  PHONEME TIER

Figure 2.2
Hierarchical tree representation of an utterance of the phrase, 207 okama de

oorsogide ikima suka "Do you go quickly to the blue hill?" The prosodic tree
consists of three major components: i.e., sesgmental component (phoneme
tier), tonal component (tone tier), and structural component (six prosodic
units).

It is, perhaps, unnecessary to say anything about the segmental
component other than that in the prosodic tree, vowels and mora-nasals are
associated with the lowest level of the structural component, i.e., the mora
and consonants are associated with second lowest level of the component,

the syllable, as shown in Figure 2.3.

//‘N word

c O g syllable
AT
BRI -
o 0/ sulo §ide phonemns

Figure 2.3

Segment, or phoneme, association to the mora and syllable nodes in the
prosodic tree for a part of the utterance in Figure 2.2. In the tree, vowels
are associated to the mora nodes whereas consonants are associated with
syllable nodes.
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The structural component consists of six prosodic units, i.e., the mora
(). the syllable (o), the word (), the accentual phrase (a), the intermediate
phrase (1), and the utterance (v). Among these, the three higher levels of the
prosodic units play major roles in contouring an utterance because each is a
domain of specific FO rises or FO falls. That is, the accentual phrase is the
domain of an initial delimitative FO rise and a possible occurrence of an
accent. The intermediate phrase, which may contain more than one
accentual phrase, is the domain of catathesis which iteratively compresses
the pitch range at each accent H.2. The utterance is, then, the domain of a
declination as well as the domain of a final FO lowering for a statement and a
final FO raising for a question.

The third, tonal, component consists of four types of tones with
different structural origins, i.e., an accent H which is a property of an
accented word; a phrasal H which originates at the level of an accentual
phrase, an interrogative H boundary tone which is inserted at the level of an
utterance, and a L tone which can be a boundary tone for an accentual
phrase, an intermediate phrase, or an utterance.

Having provided a brief description of Pierrehumbert and Beckman's
prosodic model, I would like to look in detail at the mechanisms of the model
by postulating the following questions: (i) How does Pierrehumbert and
Beckman's tonal description differ from the tonal description by traditional
phonologists? (ii) What are the characteristics of the tones which constitute
the tonal component? (iii) What are the characteristics of the higher level
prosodic units of the structural component and how do they differ from the

equivalent prosodic units proposed by other scholars? (iv) How are the tonal
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component and the structural component associated with each other in the
prosodic tree? Lastly, (v) How can the information represented as a well-
formed prosodic tree be passed onto the target level model for an

application?

2.3 Comparison of Pierrehumbert and Beckman's Model with Other
Models

2.3.1 Representations of Tones
2.3.1.1 Traditional Description of Tones

Regarding tonal description, Pierrehumbert and Beckman claim that in
Tokyo Japanese, tones are sparsely specified even at the surface level. This
underspecification of tones proposed by Pierrehumbert and Beckman
presents quite a different picture in the tonal representation from the
traditional description, such as by Kindaichi (1967), which assigns either a
High or a Low tone to each tone-bearing unit exhaustively, as seen in Figure
2.4.

oba’'asama
L HLL L
Accented
ka'ge boosi (initial accented)
B LLLL

kyooikusha  (heavy initial syllable)
HHHH H
Unaccented
0 mo s/rozu ku
L HHHHH
Figure 2.4
Traditional tonal description of the words: o6z asama "grandmother”,

Kageboosi "silhouette”, Lyoorkusha “educator”, and omosirozuku “the fun
of the thing".
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In the traditional tonal description, the following basic characteristics
are observed:

(i) Words are divided into two groups: accented words which have a pitch
shift from H to L somewhere in their domain and unaccented words which
do not have such a pitch shift.

(ii) Word initial syllables are classified into two categories: the heavy initial
syllable, containing two sonorant morae (i.e., a long vowel, a diphthong, or a
vowel + a mora nasal) and the light initial syllable (i.e., a short vowel or a
short vowel followed by a geminate obstruent).

(iii) Once the above features are specified, the assignment of H and L tones to
tone-bearing units is rule-governed. That is, in the case of an accented word,
first, assign a L tone to every tone-bearing unit after the accented mora.
Next, assign a H tone to the accented mora and to every tone-bearing unit
preceding it except to an initial light syllable which is assigned a L tone. In
the case of an unaccented word, assign a H tone to every mora except to a
light initial syllable which is assigned a L tone.

Such an exhaustive tonal specification is respected even by
autosegmental phonologists, such as Haraguchi. In his autosegmental
framework of Japanese, Haraguchi (1977) exhaustively assigned a tone to
every tone-bearing unit by one of the Well-Formedness Conventions: “[alll
tones should be associated with at least one tone-bearing unit, and
conversely, all tone-bearing units should be associated with at least one tone
in the tone melody” (ibid: 55).

One of the important claims made by Pierrehumbert and Beckman in

the study of Tokyo Japanese is that “the phonetic rules of Japanese operate



14

on a surface string of tones that are very sparsely distributed relative to the
number of tone-bearing units in the text of an utterance" (Pierrehumbert
and Beckman 1989: S). Pitch patterns of the areas with no specific tones are
derived from the interpolation between the target values of two tones.
According to Pierrehumbert and Beckman's tonal specification, the tone

patterns of the words in Figure 2.4 are represented as in Figure 2.5.

o ba' a sa ma
/|
L% HL L%

ka' ge bo o shr
I
L¥HL L%

Ayo o 1 ku sha
l

L% H L%

O mo S ro zu kv

74 I

LY H L%
Figure 2.5

Pierrehumbert and Beckman's rendition of tone patterns for the words in
Figure 2.4.

2.3.1.2 Kawvakami's Tone Representation
In fact, it must have been Kawakami (1961, 1962, 1966) who first
claimed, based on acoustic observations, that the traditional tonal description

by way of exhaustively assigning a H or L tone to each tone-bearing unit is
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not an adequate way of representing tone patterns, especially, those of
phrases. To remedy the inadequacy, Kawakami used kinetic (dynamic) tone
markers: ™" for an initial rise, "' for an accent fall, \J" for a gentle fall or

declination and " | " for an interphrasal boundary.

(a) arewa uv'makatlila (a") alrewa v’ \makatta
LHH HLTVLLL
(a") aNrewa |Tv \makatia

Figure 2.6

Tonal representation of the phrase, arewa v makatta "that was tasty” by
way of the traditional description on the left and by way of Kawakami's
kinetic (dynamic) description on the right.

As seen in Figure 2.6, Kawakami's description is capable of
representing the allophonic phrasal contours conditioned by the presence
and absence of an interphrasal boundary as well as representing the initial
delimitative rise after the boundary in (a"). Obviously, the traditional tonal
description is not endowed with such a representative power and fails to
describe the tone pattern of (a") which has a declination starting from the
phrasal maxima at re to the boundary minima at wa in arewa and an acute
initial delimitative rise at the very beginning of the following phrase,
umakatta. Although there is no comparison with Pierrehumbert and
Beckman's model in terms of sophistication, Kawakami's tone representation
exhibits some similarities to that of Pierrehumbert and Beckman in that (i)
the initial delimitative rise is properly represented; (ii) the tone patterns of

the areas with no tonal specifications are derived by the linear interpolation
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between a phrasal maxima and a boundary minima; and (iii) phrasing plays

a significant role in determining tone patterns.

2.3.1.3 Pierrehumbert and Beckman's Description of Tones

Based on the assumptions that in Tokyo Japanese, tones are sparsely
distributed and that pitch contours of the areas without tones arise from the
linear interpolation between the assigned tones, Pierrehumbert and
Beckman claim that it is feasible to represent the pitch contours of any
utterances with the inventory of just four types of tones, i.e, the phrasal H,
the bitonal accent HL, the utterance final H boundary tone, and the L

boundary tone.

22.1.3.1 HTones

First, the phrasal H, which is inserted at the accentual phrase level and
which represents the target for the end of an initial delimitative rise, is
usually linked to the second mora of an accentual phrase3, as in o_mo-
H shirozuku "fun of the thing”. However, if an accentual phrase begins with
a heavy syllable, the phrasal H is linked to the initial sonorant mora, as in
Avo-Horkusha4t "educator”. The linking of the phrasal H applies not only to
unaccented accentual phrases but also to accented accentual phrases. In the
case of the accented accentual phrases, however, the FO effect of the phrasal
H becomes apparent only when it is well separated in distance from an
accent in a word such as 2 ma-H zup pa-HL /7 "sweet and sour”.
Furthermore, the linking of the phrasal H does not take place if an accentual
phrase has an accent at the initial mora, as in £a-HL gebooshr "silhouette” or

at the second mora, as in 0 64-HL asama "grandmother”.
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Second, in reference to the accent H, Pierrehumbert and Beckman say
that there are four tonal aspects of accent whose representation must be
accounted for, i.e., (i) the location of the accent; (ii) the shape of the accent;
(iii) the height of the accent relative to the phrasal H; and (iv) the accent as a
condition of catathesis. By treating the accent as a bitonal phonological unit,
HL, rather than a sequence of a H tone and a L tone, Pierrehumbert and
Beckman account for all the four aspects of the accent.

First, in regard to the location of the accent, Pierrehumbert and
Beckman agree with Poser (1984) and Pulleyblank (1983) that the accent is
a property of the lexicon so that its location is lexically determined. Second,
in regard to the shape of the accent, in the bitonal treatment of the accent,
because the L tone is an inseparable part of the HL accent, the duration of
the L is invariant regardless of the length of the mora which immediately
follows the accented mora. This durational characteristic of the accent is, in
fact, implemented in Pierrehumbert and Beckman's synthesis model. Even
though the H of the bitonal HL is assigned the durational value which
corresponds to the length of an accented mora, the L is treated as a mere
point in a pitch contour. Third, for the height of the accent, Pierrehumbert
and Beckman create a rule which makes an accented H higher than a phrasal
H in an accentual phrase. Lastly, the treatment of the accent as a bitonal
unit makes it possible to differentiate the HL tone sequence which triggers
catathesis, i.e., the accent, from a HL tone sequence which does not trigger
catathesis, such as a sequence of a phrasal H tone and a boundary L tone.
Obviously, the main advantage of the treating the accent as a bitonal unit is

to be able to account for the last aspect of the accent.
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The third type of the H tone is a H boundary tone which is inserted at
the end of an interrogative utterance. The H boundary tone immediately
follows the L boundary tone of the last accentual phrase in an interrogative
utterance, causing a pitch contour at the end of a question to have a sharp

rise starting from the L boundary tone to the H boundary tone.

2.31.32 L Tone

Although there is only one type of L tone, which is a boundary tone, it
assumes different names (and, in fact, different strengths) depending on the
locations. First, an “accentual phrase final L%"3 is inserted at the end of each
accentual phrase, providing the onset of the initial delimitative rise for the
following accentual phrase. Second, an "utterance initial L%" is inserted at
the beginning of an utterance, functioning as the onset of the utterance’s
initial FO rise. No L% is inserted at the intermediate phrase level. Because
the L% of the last accentual phrase in an intermediate phrase functions as an
“intermediate phrase L%", it is not necessary to insert an additional L tone at

the intermediate phrase boundary.6

2.3.2 Descriptions of Structural Components

The tones we have looked at in the previous section are different in
the sense that they originate at the different levels of prosodic units. In this
section, [ would like to look at the three higher levels of prosodic units, i.e.,
the accentual phrase, the intermediate phrase, and the utterance, because
they play the major role in contouring an utterance. For a better

understanding, two other prosodic models will be examined, i.e., one by
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McCawely (1968, 1977) and one by Poser (1984). Table 2.1 provides a list of

the units and corresponding downtrends postulated in these models.

Table 2.1

Higher level prosodic units and downtrends postulated in three Japanese
models; ie., McCawley (1968, 1977), Poser (1984) and Pierrehumbert and

Beckman (1989).
Models Higher Prosodic Units Downtrend Mechanisms
McCawley Minor phrase
(1968, (= contains at most Accent Reduction Rule
(1977) one accented syllable) (- accents a primary
accent and reduces all other
accents )
Major phrase Pitch Assignment Rules
(= consists of one (= assign H, Mor L
or more minor phrases) tone to each tone-bearing unit)
(Sentence)
Poser Minimal minor phrase Morphoaccentual processes
(1984) (= a lexical item +
particle(s))
Larger minor phrase LPCFM [Local Phonologically

(= consists of two or Condition FO Modification]

more minor phrases) I
Catathesis

Major phrase

(= domain of catathesis Chaining of catathesis
and phrase-final tone inser- Phrase-final Tone Insertion
tion)
Sentence Declination (10Hz/sec)
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Pierrehumbert
Beckman Accentual phrase Making phrasal H lower than
(1989) (= contoured by phrasal H & accent H

L%; possible occurrence of HL)

Intermediate phrase
(= marked by low-F0 Catathesis
valued L%)
Utterance Declination
Final lowering / Final raising

2.3.2.1 McCawley's Model

In McCawley's phonological model, a minor phrase is defined as a unit
which has a L-toned initial mora (unless it is accented) and a unit which
contains at most one accent. One or more minor phrases, then, form a major
phrase. In the major phrase, it is only the leftmost accent which is assigned
a H tone and all other accents in the phrase are reduced to a mid (M) tone.
As far as mechanisms are concerned, the Accent Reduction Rule and Pitch
Assignment Rules account for the downtrends in both minor and major
phrases. That is, first, the Accent Reduction Rule accents a primary accent
thereby reducing all other accents in the phrases. Then, it is the Pitch
Assignment Rules which actually assign a H tone to the primary accent, a M

tone to reduced accents and a L tone to every non-accented mora.

2.3.2.2 Poser's Model
In Poser’s model, there are two types of minor phrases, i.e., a minimal
minor phrase and a larger minor phrase. The minimal minor phrase is

equivalent to a "phonological word" or a "clitic group", consisting of a lexical
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item plus particle(s), such as /v ze-0 "ship (accusative)’. Morpho-accentual
processes are responsible for resolving accent-conflicts, deleting all but one
accent in the domain; eg., v m/ + made -» ums-made "to the sea"”; v m/
+gural — umr-gurar "as much as the sea”. Two or more minimal minor
phrases form a larger minor phrase. One or more larger minor phrases,
then, form a major phrase. Catathesis, or, in Poser's terminology, Local
Phonologically Condition FO Modification (LPCFM) accounts for the
downtrend in the larger minor phrase. The iterative application of catathesis
and a phrase-final tone insertion are responsible for the downtrends in the
major phrase. A sentence, the highest level of the units, is defined as the

domain of a declination whose ratio is said to be 10 Hz per second.

2.3.2.3 Pierrechumbert and Beckman's Model
The following passage summarizes concisely the characteristics of the
higher prosodic units and corresponding downtrends posited in

Pierrehumbert and Beckman's model.

"The smallest level, the accentual phrase, is characterized by the
occurrence of the phrasal H, the occurrence of the boundary L%, and
the possible occurrence of an accent. It is the domain for the rule
making a phrasal H lower than an accent H, and for the expansion of
pitch range associated with narrow focus. The next larger level, the
intermediate phrase, is the domain of catathesis. Catathesis is not
carried over to the next H tone if an intermediate phrase boundary
intervenes. In addition, the L% is lowered at an intermediate phrase
boundary. The utterance is the level at which an initial L% is assigned,
as well as a final H% in questions. --- It is also the level at which final
raising or lowering and declination apply." (Pierrehumbert and
Beckman 1989: 176).
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One common feature among the three models is that they all postulate
several prosodic units of different sizes. So, Pierrehumbert and Beckman are
not entirely original in setting such hierarchical prosodic units as the
accentual phrase, the intermediate phrase, and the utterance. However,
there is a distinctively different and innovative feature of Pierrehumbert
and Beckman model that the other two models do not have, i.e., the
structural units are autosegmentally linked to the elements in the tonal
component (and to those in the segmental component). The linking between
the two components makes it possible for the tones in the tonal component
to assume structural information. That is, in the realization of the tones,
they can encode structural information and can reflect it in their realization

values.

2.4 Autosegmental Association

In the following section, I will examine how the elements of the tonal
and structural components are linked together to form a well-formed
prosodic tree which represents an utterance of a sentence.

Before looking into the actual mechanisms of the linking, I must
mention one unique feature of the prosodic tree; i.e., it is not a binary
branching but z-ary branching tree, allowing a node to have more than two
daughter nodes (cf. Beckman 1986, Nespor and Vogel 1986). The z-ary tree
can be characterized as follows: (i) the tree is flatter than the binary tree
which is commonly employed by metrical phonologists, such as Liberman
and Prince (1977), Hayes (1980), or Selkirk (1984); and (ii) the depth of the

tree is determined by the number of the prosodic units which a language
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may have and which are either phonetically or phonologically motivated. In
other words, the depth of the z-ary prosodic tree cannot be infinite as can a
binary tree. In the case of Tokyo Japanese, as seen in Figure 2.2, the depth
of the prosodic tree is delimited by the number of six prosodic unit; (g, 0, @,
Q, L, v}.

The truly innovative feature of Pierrehumbert and Beckman's
representation of an utterance is autosegmental tone associations. Unlike the
1970's autosegmental phonology, such as Haraguchi's work (1977), whose
main concern is the alignment between the segmental tier and the tonal tier
in the course of time, in Pierrehumbert and Beckman's autosegmental tree
representation, the tones in the tonal component, or in the “substantive tier”,
are linked not only to the lowest prosodic unit, i.e., mora , but also to any
nodes in the structural component, or “structural tier”. Taking the prosodic
tree in Figure 2.2 as an example, let us see how tones are associated with
structural nodes.

First, at the word-level, the bitonal accent tone, HL, which is a

property of a lexical word, is linked to an accented mora, as seen in Figure

2.7.
w

AIN A

gc—:
7

6 © G 000G

| L L | L]l

K I lll [ L
HL HL LL

a o 7 ma’ de 1 kima’'su ka

Figure 2.7
Association of the bitonal accent tone, HL, to an accented mora in 207 "blue”;
made"to”; and Mima’suka “do (you) go?".
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Next, the phrasal H and the phrase final L%, both of which are
properties of the accentual phrase, are linked to an accentual phrase node.
As seen in Figure 2.8, the phrasal H may be linked to the second mora of the
following accentual phrase if it is toneless, as in 0 £32-H ma de” to a hill” or
in /4/-H masuka "do (you) go?". Or, the phrasal H may be linked to the
first mora if the mora is the first sonorant mora of an initial heavy (long)
syllable, as in o-H ossogide "quickly”. The phrasal H is not, however, linked
to the second mora in 2 0-HL/ "blue” where the second mora has already

been linked to the accent HL.

o o o
/\ /] /|
w X / w
/N /
6 O
L I |
/t‘ V K P
H H
0 ka made 0 0 Isogide I/ ki masuka

Figure 2.8

Association of the phrasal H in the accentual phrases: ofama de"to the hill";
oolsogide "quickly”; and &/ma suka"do (you) go?". The symbol, "x",
indicates an abbreviation of nodes which are not relevant to the case in
question.

Also, as seen in Figure 2.9, the accentual phrase final L boundary tone
may be linked to the initial mora of the following accentual phrase if the

mora is neither accented nor part of a heavy syllable.
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o o o o
l | |
w X w
e
I x ™
P P
L &
aors 0 Kkamade oolsogide [ Kima’suka

Figure 2.9

Association of the accentual phrase final L% to the initial mora of the

following accentual phrase in 207 ofama de "to the blue hill” and oorsogrde
kima suka "do (you) go quickly?”

H
4 07 okamade oorsogide ikimasuka?

Figure 2.10

Association of the L% to the initial mora of the initial accentual phrase in the
utterance of the sentence, 207 okama de oorsogide ikima suka "Do you go

quickly to the blue hill?" The interrogative H% of the utterance level is not
associated with a mora.
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Finally, two types of tones are associated with the utterance node, i.e.,
the utterance initial L% and the utterance final interrogative H%. In the case
of the utterance of the sentence in Figure 2.2, because the initial mora of the
utterance's initial accentual phrase, i.e. 2 of 207, carries no tone, the
utterance initial L% is linked to the mora. In contrast, the utterance's final
H% is never associated with a mora.

One may wonder why some tones are associated with a mora and
some tones are not. What is the difference? Pierrehumbert and Beckman
say that if a tone is associated with a mora, the tone assumes the durational
value of the mora, whereas a tone which is not associated with a mora is a
mere point in a pitch contour. Except for the interrogative H%, all the other
tones may be linked to a mora to assume a mora-length duration. That is,
the accent H assumes the duration of an accented mora. The phrasal H
assumes the duration of the first or second sonorant mora in an accentual
phrase if the mora is not assigned to an accent H. In the case of the L%, it is
assigned a durational value only when it is linked to a tone-less initial mora

of a following accentual phrase.

25 Tone Scaling

We have looked at the components of the hierarchical autosegmental
model and how the elements in the components are linked together in a
prosodic tree which represents an utterance of a sentence. In this final
section, | examine how the information represented as a prosodic tree is
actually applied in the target level model. In other words, I will see how

tones which lie flat at the bottom of the prosodic tree with no vertical spatial
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values can stand up and participate to create an actual pitch contour for a
speech synthesis.

The basic mechanism of uplifting the tones is called "tone scaling”
which, assisted by mathematical equations, provides spatial values to the
tones. The idea of “"tone scaling” originates in Pierrehumbert (1980) and
Liberman and Pierrehumbert (1984) where FO values for tones are
computed by equations in a transform of the FO domain. The transform is
defined as the distance from the reference or base line to a tone. For
example, the next equation provides a transform value for a peak (i.e., a H

tone):

T(P) =P - r (Liberman and Pierrehumbert 1984: 192).

In the formula, T(P) is a transform value in Hz; P is a FO value of the peak
and r is a FO value of a reference line.

In Pierrehumbert and Beckman's (1989) target level model, not only a
reference line but also a high-tone line (or top line) are employed to set a
“transform space” and the tones between these two lines are expressed by
normalized values ranging between 1 and 0, Thus, in the model, the above

equation is changed to:
(DTMH)=(MH-r)/(4-r) (ibid: 182)

In the formula, T(H) is a transform value for a H tone. H is a FO value for
the H tone and 4 is a FO value of a high-tone line which is set “for a

hypothetical H tone of maximal prominence in the phrase” (ibid: 182).
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The main advantage of computing transform values for tones is that
they can express the linguistic notion of relative prominence (cf. Liberman
and Prince 1977). That is, the transform value can abstract away, for
example, the prominence relationship between peaks in the context of
"answer” and "background”; or the prominence relationship among peaks
affected by an iterative application of pitch compression (catathesis); or the
prominence relationship between a modifier and a noun head. In fact, these
transform values ranging from 1 to 0 can not only express the prominence
relationships among tones but also be used to uplift the tones and to scale
them vertically. The vertically scaled tones are, then, used as targets for
linear interpolation which then creates a schematic pitch contour which
approximates to a pitch contour observed in real speech.

Pierrehumbert and Beckman postulate several equations for
computing transform values and relative prominence constants of tones. One
such equation, i.e., the equation (1) above, is for computing a transform
value of the accent H. The following set of equations is for computing a
catathesis constant (2), which is, in fact, a transform value (3) of the H tone

affected by catathesis:

(2) ¢ =(hpnew- r)/ (fold- 1)
(3)  § (ﬁnew) = C (ibid: 184)

In the formulae, ¢ is a catathesis constant; /£,4 is a FO value of a high-tone
line set prior to a catathesis, and /4 pew is @ FO value of a catathesized high-
tone line set as an upper FO limit of a new transform space for tones after

the accent H. The catathesis constant, ¢, provides a value for the strength of
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the catathesis. The strength is directly reflected on the height of the new

high-tone line because of the formula; T( 4 gew) = ¢, Which indicates that the

catathesis constant is equal to the transform value of a new high-tone line.
To capture the fact that an accent H is always higher than an

unaccented H (i.e., phrasal H), the following set of equations are postulated:

(4) T(Hu) = v vc<

(5) T(Ha) - 1 (ibid: 185)
In the formulae, T(Hu) is a transform value of an unaccented H; T(Ha) is a
transform value of an accented H; and v is an unaccented phrase constant
which specifies the degree of lowering of the phrasal H, whose transform
value is always smaller than 1, in relation to the accent H, whose transform
value is set at 1.

For computing the prominence relationship between the accent H and
the unaccented H which occur in the same accentual phrase, the next

equation is postulated: (ibid: 185)

(6) T(Hu) = v - T(Ha)

The following equation is, then, used to obtain the value of the constant, v.

(7) v =T(Hu) / T(Ha)=((Hu - r) /(A -r))/((Ha-r)/ (A - r))
=(Hu-r)/(Ha-r)

Next, the main characteristic of the boundary tone is that the lower
the FO value, the stronger the boundary. This FO characteristic of the

boundary tone is expressed by the following equation:
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(8) TW)=1-(L-r)/(A-r) (ibid: 188)

This equation is similar to the one for H tones, i.e., the equation (1), except
that in the case of L%, the lower the FO value of L, the closer the transform
value is to 1, rather than the other way around. That is, in extreme cases,
when L%'s transform value is 1 (i.e., when the L% is strongest), the L% is on
the reference or base line and when L%'s transform value is 0 (i.e., when the
L% is least strong), the L% is right on the high-tone line.

In Pierrehumbert and Beckman's speech synthesis program, the
transform values and constant values obtained by the above computations
are used to scale the tones which will then become target levels for linear
interpolations. Declination as well as final lowering are applied to the above
schematic contour which will then be filtered to be smoothed. At the last

stage, segmental effects are imposed on the contours.

2.6 Concluding Remarks

In this chapter, Pierrehumbert and Beckman's prosodic model has
been examined to understand its major components and the interaction of
the components. The main purpose of examining the model was to acquire
tools to design an algorithmic phrasing and pitch contour model for speech
synthesis. The following three main features are adopted from
Pierrehumbert and Beckman's model and will become basic components of
the algorithmic phrasing and pitch contour model:
(i) Inventory of tones, i.e., four types of tones which are sparsely distributed

in a sentence, i.e., accent H, phrasal H, boundary L, and boundary H.
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(ii) Hierarchical prosodic units; in particular, the accentual phrase and the
intermediate phrase are of prime importance as far as modelling pitch
contours of utterances is concerned.
(iii) Tone scaling, i.e., a computational device to draw schematic pitch
contours by way of assigning transform values to tones.

Relying mainly on Pierrehumbert and Beckman's model,? and using
these tools, this thesis investigates, to a major extent, the nature of phrasing,
i.e., the phonological nature of accentual phrasing and the syntactic,
semantic, and extra-linguistic nature of intermediate phrasing due to the
following reasons:

(i) Pierrehumbert and Beckman (1989) do not discuss the issue of phrasing.
(ii) An example used to demonstrate Pierrehumbert and Beckman's speech
synthesis program suggests that their phrasing is not automatic in that
different levels of phrase boundaries must be manually inserted in the text
of a sentence.

(iii) To develop a text-to-speech program, it is essential to be able to predict
the locations of different types of boundaries because once the locations of
these boundaries are predicted, tones can be automatically placed at the
appropriate locations and a pitch contour can be automatically drawn by
interpolating these tones.

In theoretical terms, the above proposal of designing an automatic8
phrasing and pitch contour model can be seen as the investigation of the
interfaces between phonological component (including phonetic realization

processes) and the other components of the grammar.
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As a phonological theory, Pierrehumbert and Beckman's model is
termed a "domain theory". That is, it is a theory which postulates prosodic
units each of which is defined as a domain of specific phonological rules and
phonetic processes (i.e., downtrends). In other words, to limit the domain to
the three higher levels of the prosodic units, the accentual phrase (a) is the
domain of delimitative raise and possible occurrence of an accent; the
intermediate phrase (1) is the domain of catathesis; and the utterance (v) is
the domain of declination and final lowering.

Although these prosodic constituents are domains of specific
phonological rules and/or phonetic processes, it is implausible to regard
these downtrends as being solely the products of the phonological rules
and/or phonetic processes. It would be more realistic and correct, if we
regard these downtrends as the products of "mapping rules” between the
phonological component and the other components of the grammar, such as
morphological, syntactic, and semantic components.

The issue of the mapping rules or interfaces between the phonological
component and the other components of the grammar is not within the scope
of Pierrehumbert and Beckman (1989) and they do not discuss such an
important issue as how the demarcation of the higher prosodic constituents
(more specifically, the accentual phrase and the intermediate phrase) make
reference to nonphonological notions. Inevitably, it becomes the task of any
study which depends on Pierrehumbert and Beckman's model as a
theoretical basis to investigate the issue of interfaces between the

phonological component and the other components.
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As will be seen in Chapter 3, at the level of the accentual phrase, there
is an interface between the phonological component and the morphological
component in determining accentual configurations of the phrases (if
postpositions are treated as morphemes). Idiosyncratic accentual
peculiarities of (non-monomoraic) postpositions play roles in accentuation of
the phrases. However, besides the interface with the morphological
component, at this level of the accentual phrase, the phonological component
has a minimal interface with the syntactic component. The only syntactic
information required in the demarcation of the accentual phrase (i.e.,
accentual phrasing) is the information whether the items are content words
or postpositions. Once the syntactic information is provided, accentual
phrasing is determined by phonological rules. That is, the accentual phrasing
is determined by the underlying accent of words.

Once however, we move up in the hierarchy to the next level of the
prosodic unit, i.e., the intermediate phrase, syntactic information plays a
visible role in determining phonetic processes of the phrase. As will be seen
in Chapter 4, the difference in syntactic tree configurations result in
different pitch contours of the phrases in phonetic realizations of
intermediate phrases. The issue at hand is the correlation between syntactic
tree configurations and the iterative application of catathesis. (Such a
correlation between syntax and phonetic processes does not, however,
support the existence of isomorphism between the two components because
of a simple fact that the domain of the intermediate phrase does not

correspond to any specific syntactic unit.)
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Furthermore, in the case of the demarcation of the intermediate
phrase (i.e., intermediate phrasing), it is not only the syntactic component
but also the semantic component that interfaces with the phonological
component. In other words, not only syntactic information but also semantic
information, such as theme, argument, contrastive prominence, or scope of
modifiers, are required to phrase a sentence into intermediate phrases.

Thus, it becomes clear that the higher the prosodic units are in the
hierarchical prosodic tree, the more involved are the notions of
nonphonological components.

Although the above is a brief description of the issues of this thesis
from a theoretical perspective, it must be made very clear that arguments in
this thesis are not meant for developing a theory, but rather meant for
empirical feasibility, i.e., designing linguistic input to a speech synthesis
program. And as will be noticed, occasionally, the simplicity required by an

application overrides theoretical adequacy.

Endnotes

| Fundamental frequency or FO refers to the lowest frequency component of the sound
wave. It is important in the study of intonation due to its close correlation to the
sensation of pitch (Crystal 1985).

2 { isan abbreviation of high tone whereas L is an abbreviation of low tone. These are
two tonal primitives assumed by Pierrehumbert and Beckman.

3 In the following examples, there is no difference between an accentual phrase and a
word. In other words, each word is realized as an accentual phrase.

4 Due to type-setting, tone is assigned to a relevant tone-bearing unit horizontally.
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59" is Pierrehumbert's rendition of a boundary tone.

6 Non-insertion of L% at the intermediate phrase level does not mean that there is no
intermediate phrase boundary. It simply meansthat no L%L% atthe endof an
intermediate phrase, one L% being for an accentual phrase and the other being for an
intermediate phrase.

7 As will be seen in Chapter 5, there is another prosodic model which this thesis
depends on.

8 Aswill be seen in Chapter 5, the locations of some of the intermediate phrase
boundaries are manually specified so that the phrasing is not absolutely automatic.



Chapter 3

Accentual Phrasing

The aims of this chapter are to examine the main factor which
determine the accentual phrasing and how intermediate phrases (which end
with a postposition) can be parsed into accentual phrases in order to develop
algorithmic rules of accentual phrasing and tone assignment. Prior to the
above issues, the accentual behaviour of Japanese postpositions (particles)
will be discussed. Also, the effect of narrow-focus on accentual phrasing will
be examined to understand variability in accentual phrasing. To assist in
achieving the above objectives, two series of acoustic experiments are
conducted.

In the following section, the accentual behaviour of Japanese
postpositions is examined because they play significant roles in the accentual
phrasing and because Pierrehumbert and Beckman (1989) are silent about
the issue of the postpositions which do not, in many cases, obey their “left-

win rule” in solving accent-conflicts.

3.1 Accentual Behaviour of Postpositions
In combinations of postpositions and their hosts, many of the
postpositions exhibit peculiarities in accentual behaviour. These accentual

behaviour of postpositions are well documented (e.g. Hirayama 1969; NHK
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1966; McCawley 1968, 1977; Higurashi 1983; Poser 1984). Table 3.1

provides a convenient, though not exhaustive, summary of accounts on the

accentual behaviour of non-monomoraic postpositions.

Table 3.1
Accentual types of non-monomoraic postpositions shown in the forms with
the accented host, s/ not/ "life” and the unaccented host, m/yako “capital”.

(1) made -type [+Left-winning): an unmarked type which obeys the left -
win rule; e.g. desu “copula”, yors "from”, pakars "only".
/noti + made --> [npoli- made

myako + made --> miyvako- made

(2) kara -type [+Anonymity]: an unaccented counterpart of the type (1); all
the monomoraic postpositions should also be included in this type.
inoti + kara --> rnoti-fara

nyako + kara --> mivako-Kkara

(3) (a) gurar -type [+Deaccenting]: a marked type; some speakers treat the
postpositiohs of this type as the type (1).
1noli + gurar --> [noli-gurar
myako + gural --> miyako-gurar
(b) syuv -type [+Deaccenting]; an unaccented counterpart of the guras type
postpositions.
noli + fyuu -->  [moli-yuu

ouyako + jyuu --> miyvako-yuu
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(4) (a) sika -type [+Preaccenting (partial)l: a marked type of postposition.
[noti + sika --> rnotl - stka  (obeying the left-win rule)
miyako + sika --> miyako - sika
(b) syuu-type [+Preaccenting (total)]: a marked type which has not been
documented, but produced by two of the five subjects in my experiments.
noll + Jyuu --> 1ol - [yuu

miyako + jyuu --> miyvako'-/yuu

As listed in Table 3.1, postpositions may be categorized into four
major types; (1) [+Left-winning] postpositions; (2) [+ Anonymity]
postpositions; (3) [+Deaccenting] postpositions; and (4) [+Preaccenting]
postpositions. The first type, [+Left-winning] postposition is an unmarked
case. Non-monomoraic postpositions, such as ma de "to", desv "copula”, or
bakars "only" are classified in this type. If a [+Left-winning] postposition
has any accent-conflict; i.e.,, when both the host and the postposition are
accented, it is the host's accent which is realized, and the accented
postposition loses its accent, as in /ot + made --> fnoli- made 1f there
is no accent-conflict, an available accent is realized as the accent of the
accentual phrase (noun + postposition), as in m/yako + made -> miyvako-
made.

The second type of postposition marked by [+Anonymity] is the
unaccented counterpart of [+Left-winning] postpositions, and being a part of
a host noun, they are never independent in accentuation and never cause

any accent-conflicts. All the monomoraic postpositions, such as o
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"accusative”, 2/ "dative”, or waz "topic marker" should also be included in
this type.

The third type of postposition is marked by the feature [+Deaccenting]
and postpositions, such as, gvras "as much as”, da4e “only", or jyuwv
“throughout” are classified in this type. In the case of a [+Deaccenting]
postposition, the accent of the host will not be realized because of the
predominant power associated with the [+Deaccenting] postposition which
deaccents the accent on its left, as in 7nots + gurar --> inotr -gurai The
unaccented [+Deaccenting] postpositions, /yvv and dake, create an
unaccented accentual phrase regardless of the accentuation of the host, as in
0ol + jyuu --> [moti-jyuu, miyako + jyuu --> miyako- [yuu.

The fourth type of postposition is marked by the feature
[+Preaccenting] because the postposition of this type places an accent on the
last syllable of the preceding host. In the literature, only sz “only” is
listed as a postposition of this type. However, jyvv which is usually
classified as a [+Deaccenting] postposition may also be included in this type
because two of the subjects who participated in one of the experiments
conducted in this chapter treated jpwv as a [+Preaccenting] postposition.
There must be speaker variation in the accentuation; /ywu!+Deaccenting] -
Jyuul+Preaccentingl  When spww is treated as a [+Preaccenting] postposition,
it accents the last syllablel of the host regardless of the accentuation of the
host, as in 7notr + jywv --> inoti’- jyuu and miyako + jyuu --> miyvako -
Jyuu. Sika, the other [+Preaccenting] postposition, is different from jywe
in that s/4a places an accent on the last syllable of the host only if the host

does not have an accent (i.e., unaccented) as in myako + sika --> miyvako -
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sika. 1f the host is accented, s/i&a obeys the left-win rule as in /notr + sika
--> fnoti- stka. Thus, in Table 3.1, jyww is specified as [+Preaccenting
(total)] and si#a as [+Preaccenting (partial)].

A few words may be needed to describe the underlying accents of
monomoraic postpositions. In Bloch (1950) and McCawley (1977),
monomoraic postpositions are treated as having an underlying accent as 2/'
"to", mo’ "also", or wa "topic marker". The underlying accent is manifested
only when two monomoraic postpositions are combined together to form a
new dimoraic postposition in the context of contrast; e.g. Yamada g/ wa
okane-o agetaga, Honda p/'wa agenakatta "(1) gave money to Yamada, but
not to Honda". The postpositions created by combining two monomoraic
postpositions obey the left-win rule.

These postpositions play important roles in accentual phrasing. The
effects of postpositions on accentual phrasing and on pitch contours of
accentual phrases will be observed in the experiment on accentaul phrasing

(3.2) as well as in the experiment on narrow-focusing (3.3).

3.2 Experimenton Accentual Phrasing
3.2.1 Aim of Experiment

The main aim in conducting this acoustic experiment is to obtain a
generalization about accentual phrasing. More precisely, I would like to
know whether it is a syntactic configuration or an accentual configuration
which determines how an intermediate phrase is parsed into accentual
phrases. For example, given the phrase, 207/ + oma me + made, "to the blue

beans", is it possible to predict how many accentual phrases are created from
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the phrase? Although unlikely, will the phrase be uttered with two
interphrasal L%'s, creating three accentual phrases in the phrase because
there are three underlying accents? Or, more likely, will the phrase be
uttered with just one interphrasal L% which is inserted before the noun,
creating only two accentual phrases, as 207 L% oma me- made because
there are two surface accents 7 Or, will the whole phrase be realized as just
one accentual phrase, having a culminative accent at the leftmost unit, 207 ?
Or, will it be that accentual phrasing is not conditioned by the accentual
configuration, but by the syntactic configuration: modifier + noun +
postposition? Of course, there ought to be variations in phrasing but also
there ought to be a general trend in accentual phrasing which must be
determined either by a phonological or syntactic condition. It is the trends
and conditions of the accentual phrasing which are what [ would like to elicit
from the experiment in order to develop algorithmic rules of accentual
phrasing. Such algorithmic rules should parse intermediate phrases into

accentual phrases as well as assigning relevant tones to the phrases.

3.2.2 Procedures

Table 3.2 is the list and the possible combinations (4 » 2 » 4 = 32) of
lexical items used as stimuli in the experiments. The phrases made of the
possible combinations of the lexical items are set in a carrier sentence; "
le-ga todokimasv," (I can reach out my hand for - ) except for the
possible combinations with gura/ The phrases with guras are placed in a
carrier sentence, " AJ- N wa arimasen"” as "aoiomame-gurar aof

oma me- wa arimasen,” (there are no beans which are as blue as the blue
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beans). It is the meaning of guras/ which demands the different carrier

sentence.

Table 3.2
A list of stimuli used in the experiments examining accentual phrasing

Modifier Noun Postposition

aors “blue” made "o’

omo/  "heavy" omame "beans” gural "as much as”
ani-no "brother's” nimame "cooked beans” syuu  “all over”
ane-no “sister's” nf 10"

There are accentual reasons why these items are chosen. First, in the
second noun slot, the accented noun, oma me, is contrasted with the
unaccented noun, a/zmame, in that both nouns have the same number of
morae as well as similar phonemic configurations. Second, in the
postposition slot, ma de represents [+Left-winning] postpositions; guras is
an accented postposition marked by the feature [+Deaccenting]; and the
postposition, /yww, is treated as an unaccented [+Deaccenting] postposition.
The [+Preaccenting] postposition, sia, is not included in the list because its
segments, /s/, devoiced /i/, and /k/ are all invisible in FO analysis. A7
represents monomoraic postpositions. Third, in the modifier slot, there are
two pairs of accented and unaccented items, i.e. 207 versus omor and an/-
no versus ane-no, and it may look somewhat redundant to have the two

pairs of the modifiers. The inclusion of the zo-phrase modifiers is
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motivated by my contention that a zo-phrase modifier has a different

locality in deaccentuaion from an adjectival modifier: e.g.,

a) oma me + made --> oma me- made
b) a0l + pimame + ma de -->  doi-nimame- mage

C) ani-no + pimame + made --> ani-no-nimame-made

As shown above, the [+Left-winning] postpositions, such as ma de is
deaccented not only by an immediately preceding accented word as in (a)
but may also be deaccented by a preceding accented phrase as in (b).
However, this may not be the case for the accented noun phrase with the zo
-phrase. That is, 22/-n0 + nimame does not deaccent ma de. In the case
of the noun phrase with a no-phrase modifier, it is not the accentuation of
the whole phrase, 222/-no + nimame (accented), but the accentuation of the
noun head of the NP, z/imame (unaccented), which determines the
accentuation of the following [+Left-winning] postposition, ma de To see
whether any acoustic evidence can be found to support such a claim, the pair
of the no-phrase modifiers was inserted in the modifier slot.2

The above mentioned stimuli embedded in the carrier sentences were
written, in a random order, on sheets of paper in Japanese. Each sentence
was paired with its echo question. The data for analyses were taken only
from the answers because, being old information, none of the items in the
phrases in the answers should have received any narrow-focus. The
subjects were requested to utter the stimuli in a well articulated manner.
The total of 160 (((4*2*4*)=*5)=160) utterances were recorded by five

female subjects.
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Measurements were taken by using MSL (Micro Speech Lab) and
MSLPITCH which are IBMPC compatible speech analysis programs developed
at the Centre for Speech Technology Research, associated with the
Department of Linguistics at the University of Victoria. The recorded items

were analyzed with 10 bits, 10k/sec sampling rate.



45

3.2.3 Summary Tables of Accentual Phrasing

Table 3.3

The results of accentual phrasing of the phrases whose head is the accented
noun, oma me.

aos
All
A 12
Al3
Al4
omor
A21
A22
A23
A24
anr-no
A3l
A32
A33
A34
ane- no
A4l
A42
A43
A44

OMA MF - Set

Unmarked Phrasing Marked Phrasing

+/+ - (made) (+ + +) (1) [+ = -lh/s  (8)
+/ =+ (gurai) (+ + +) (2) [ lh (9)
+/--  (jppou) (+ + =) (3) %)

+/ + - (a) (+ + =) (1) [+ - -]s (8)
=/ + - (made) (- + +) 4) %)

-/ =+ (gurai) (= + +) (4) %)

=/ == (pwv) (- + -) (6) %)

=/ + - (a) (= + =) (4) [ 1h/s (8)
+/+ = (made) (+ + +) (1) [+ = =]k (8)
+/ -+ (gurai) (+ + +) (2) [+ ==]h (8)
+/ ==  (pog) (+ + =) (3) %)

+/ + - (aF) (+ + =) (1) [+ = -]h (8)
-/ + - (made) (- + +) (4) [ Jh (5)
=/ =+ (guraf) (= + +) (4) [ 1h/s 5)
=l==  (pwy) (—+ =) (6) | ls (7)
-/ + = (a) 1=+ =] 7] ( lh/s  (5)
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Table 3.4

The results of accentual phrasing of the phrases whose head is the unaccented
noun, 2/mame .

Nimame - Set

Unmarked Phrasing Marked Phrasing

aor

B11 +/=-+ (made) (2) | 1h/s (9)

B12 +/-+ (gurar) (2) | Is/t = (9)

B13 = = (fyow) (3) [ 1h(8) +/=/-%

Bl4 *f == (gf) (3) ( |s/h (8)
omor

B21 (- - +] (made) (5) %

B22 [~ -+ (gvrai) (5) 2

B23 [---1 (pww) (7) ===k

B24 =--1 (a) (7) ]
ani-no

B31 +/ -+ (made) (2) %)

B32 +/ -+ (gurai) (2) [+ - -]h (8)

B33 +/ == (pwvu) (3) 2

B34 +/-- (aF) (3) [ lh (8)
ane-no

B41 [ - +] (made) (5) 2

B42 [~ - +] (gurar) (5) ~f = Bg (4)

B43 - --1  (pwv) (6) i Bl (6)

B44 [---] (a) (7) 9
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The results of the experiment on accentual phrasing are summarized
as Table 3.3 and Table 3.4 . Table 3.3 is a summary of the phrasing of all
the possible combinations with the accented noun, oma me and Table 3.4 is
a summary of the phrasing of those with the unaccented word, 27mame. In
both sets, i.e., oma me-set and n/mame-set, all the cases are divided into
two groups, unmarked phrasing and marked phrasing. The markedness and
unmarkedness are determined by the frequency of occurrences: In each
table, there are four rows of phrase groups which differ in the modifier they

take. In a group, each phrase is specified with its ending postposition. The

+ and - signs specify whether items in a phrase are accented (+ ) or

unaccented (=). The reason why there are two series of + and -

specifications in the unmarked phrasing case in the oma me-set is that one
on the left specifies a surface accentuation of a phrase and one on the right
in a parenthesis specifies underlying (original) accentuation of the phrase,
i.e., the accentuation prior to an application of a [+Feature] of a postposition.
The nimame-set does not have two types of accentual specifications because
surface and underlying accentual specifications are the same in a phrase in
the set. A slash between symbols indicates the presence of an interphrasal
accentual boundary. If a phrase is realized as a single phrase without an
interphrasal boundary, such a phrase is marked by [ ]. If there are no
symbols inside [ ], it shows that a phrase is realized without an
interphrasal boundary and with the same accentuation as its unmarked
phrasing. If a subscript is attached to the bracket, it identifies the subject
who uttered the instance. The symbol, @, indicates the absence of an

instance. Finally, the numeral at each case indicates a schematic FO contour
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of the phrase presented in a later section (from Figure 3.1 to Figure 3.9) so
that the reader can have visual understanding of the phrase in question.
For example, a part of the first, g07-group in the oma me-set which is

reproduced below can be read as follows:

OMA ME - Set
Unmarked Phrasing Marked Phrasing
aors '
All  +/ + = (made) (+ + +) (1) [+ = =]h/s (8)
A13  +/ == (ppou) (+ + =) (3) 2

The case, All, 07 + oma'me + made (++ +) was realized, in the case of
unmarked phrasing, as +/+- , i€, d07 L% oma me- made with the
insertion of an interphrasal accentual boundary. The schematic FO contour
of the phrase is (1) (which is listed in figure 3.1). The subjects H and S,
however, uttered the same phrase as [+—-], ie., 207- omame- made with no
insertion of L% and with just one culminative accent on the left-most item,
4o7. The utterance is regarded as marked phrasing, and its schematic FO
contour is (8) (which can be seen in Figure 3.8).

Another case, Al13, g07 + oma me + jyvu whose underlying
accentuation is (+ +—) was realized as +/——; 07 L% omame- /yuv,ie. an
intermediate phrase consisting of two accentual phrases. The schematic FO
contour of the phrase is (3) (which is listed in Figure 3.3). All five subjects
showed the same phrasing pattern because its marked case has @, a null-

sign.
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3.2.4 Unmarked Phrasing

First of all, let us look at unmarked phrasing in the oma me-set. The
phrases in the set have a consistent pattern of phrasing, i.e., the insertion of
an interphrasal boundary between the modifier and the noun. The
accentuation of the phrases seems to have no impact on the phrasing
because there are the differences of all the possible combinations in
accentuations. That is, if the accentuation of the postpositions are excluded
from consideration, there are following accentual variations across the

interphrasal boundary:

+/ + (a07 L% omame-: ani-no L% omame-)
+/ - (a07 L% omame-:;. ani-nolL% omame-)
-/ + (omoi L% omame-: ane-no L% omame-)

-/ — (omoi L% omame-: ane-no L% omame-)

The above facts seem to suggest that a syntactic configuration rather
than an accentual configuration determines accentual phrasing. That is, as
unmarked phrasing, a phrase of "modifier + noun + postposition” is always
uttered as an intermediate phrase consisting of two accentual phrases with
L% inserted after the modifier. So, to account for the accentual phrasing, |
can posit a very simple working hypothesis; i.e., “if a phrase has a syntactic
configuration of modifier + noun + postposition, insert an interphrasal
accentual boundary after a modifier”.

Next, let us look at unmarked phrasing in 2zmame-set in Table 3.4 ,
and test whether the above hypothesis can account for all the phrasings. In

the n/imame-set, the working hypothesis based on the syntactic
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configuration is obviously denied because in omor- and ane- no- groups,
there is no instance which has an interphrasal L%. All the phrases were
realized without an interphrasal L%. This discounts the syntax-based
hypothesis. The question is, then, how to account for the fact that it is only
the phrases in the unaccented modifier (omor and ane- no) groups in the
nimame-set that do not have an interphrasal L%. It looks as if the accentual
configurations of the phrases, too, fails to condition accentual phrasing

because in the oma me-set, there are the cases where L% is inserted

between an unaccented modifier (-) and an unaccented noun (=), ie.,

"—~/- "(cases: A22, A23, A42, and A43). On the other hand, in the z/mame-
set, there is no insertion of L% in the phrases which have exactly the same
accentual configuration, i.e., [- = ] (cases: all the phrases in omos- and ane
- no- groups). So, denying the previous syntax-based working hypothesis, it
seems that accentual phrasing is arbitrary; i.e,, the insertion of the
interphrasal L% cannot be predicted either by a syntactic configuration or by
an accentual configuration.

Importantly, however, it becomes possible to obtain a generalization
on accentual phrasing once the underlying (original) accentual configuration
rather than the surface pattern is taken into account. That is, in all the
underlying accentual forms (i.e., the accentuations of the phrases prior to the
applications of the postpositional features) in the oma me-set, there is at

least one + either in the modifier slot or in the noun slot. It is, then, always

the case that an interphrasal L% is inserted after a noun. Now, in the

nimame-set, all the phrases in a07- and an/- no- groups have +

specification in the modifier slot, and they all have an interphrasal L%. In
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the same n/mame-set, however, all the phrases in omor- and ane-no-
groups which do not show any interphrasal L% have no + specification
either in the modifier slot or in the noun slot. Thus, from these facts, I can
deduce the following generalization: in the case of unmarked phrasing, a
phrase of "modifier + noun + postposition” has an interphrasal accentual
boundary after the modifier if at least one of the (content) words is
underlyingly (originally) accented. This generalization accounts for the
unmarked phrasing exhibited in all the data and may possibly be extended
to account for accentual phrasing of any lengths of phrases with multiple
modifiers by eliminating the proviso, “modifier + noun + postposition”, from
the statement. That is, in general, an intermediate phrase boundary is
inserted between (content) words if at least one of the words is underlyingly

(originally) accented.

3.25 Marked Phrasing

Roughly speaking, there are two types of marked phrasing; one caused
by “culminative accentuation” and the other caused by "enunciative
accentuation”. Two of the subjects, S and, especially, H, constantly show the
first type of marked phrasing, creating a single phrase with only one accent
whereas the subject, K, shows, once in a while, the second, opposite type of
phrasing, inserting L% at every possible location. Typical examples of the
marked phrasing caused by culminative accentuation are found in the
following cases: Al11, A14, A31, A32, and A34. The unmarked phrasing in
these cases have either +/+- or +/-+, whereas the marked phrasing

shows only [+ —~-] which is characterized by (1) having just one culminative
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accent at the leftmost item and by (2) having no interphrasal L%, realizing
the whole phrase as a single accentual phrase. A speculation is that such a
phrasing is caused by a narrow-focus placed on the left-most item which
deaccents any accents on its right. As you may recall, the stimuli of the
experiment was designed in such a way that no narrow-focus was to be
placed on any of the items in the phrases. In spite of such a design, it seems
that two of the subjects, especially, H, constantly placed a narrow-focus on
the left-most accented word in the phrases.

In the section on narrow-focusing (3.3.1), we will see whether such
phrasing can be replicated when prominence is placed on the left-most item
which is accented. I expect this type of phrasing occurs commonly in
ordinary speech because it will not tax the speaker with accentuation as
much as articulated speech does in that no rules are involved in solving an
accent-conflict. That is, once this style of speech is chosen, the speaker can
ignore accentual features of postpositions. Just keep the left-most accent
and delete any accent until the speaker reaches the end of a phrase.

In addition, though not quite the same as the above [+—-] phrasing,
there is a similar type of marked phrasing which does not insert an
interphrasal accentual L% in a phrasal domain. The following are instances;
A12, A24, A41-A44, B11-B14, and B34 (which are all specified by an empty
[ D). This type of phrasing has the same number of accents as in
corresponding unmarked phrasings. The only the difference is that the
marked phrasings create no interphrasal L%. According to Pierrehumbert
and Beckman(1989), the prominence placed on a phrase initial item, which

may be accented or unaccented, causes the disappearance of an interphrasal
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L% after the item. In the section on narrow-focusing, I would like to see if
this is the case or not.

The second type of marked phrasing, the phrasing caused by
enunciation, can be found in subject K's utterances in B13, B233, B42, and
B43. Typical examples are seen in (B13) 207- nimame- jyuv and (B23) omor
- nimame- /yvu where L% is inserted at every possible location, creating
three accentual phrases in the sequence of three items.

Next, there are two cases (B42 and B43) where the subject, K, inserts
L% between an unaccented modifier (-) and an unaccented noun (-). This
fact may provide counterevidence to the earlier generalization that in the
case of unmarked phrasing, the phrase of "modifier + noun + postposition”
has an interphrasal accentual L% after the modifier if at least one of the
(content) words is underlyingly (originally) accented. Such a generalization
does not, however, exclude the possibility of inserting L% between an
unaccented modifier and an unaccented noun. What the generalization says
is that the insertion of interphrasal L%, such as in B42 or in B43, is highly
marked (enunciative) phrasing. As the insertion of L% between the noun
and the postposition in B13 and B23 is highly marked, so is the insertion of
L% between the unaccented modifier (-) and the unaccented noun (-). The
fact that both types of phrasing were produced by the same speaker enables
one to say that the subject K's utterances in B42 and B43 should be regarded
as marked phrasing and cannot be construed a counterevidence for the
generalization obtained above; i.e., in general, an accentual phrase boundary
is inserted between (content) words if at least one of the words is

underlyingly (originally) accented.
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3.2.6 A Psycholinguistic Implication

One psycholinguistic implication, which comes to mind, based on the
results on the accentual phrasing is that there must be some sort of look-
ahead mechanism in accentuation and phrasing. More precisely, there must
be a look-ahead-one-word mechanism in accentuation and phrasing. Such a
mechanism can be represented by a two-word sized window cursor which
moves from left to right one word at a time. It is only in a (current) window
cursor, that any accent-conflict between two words is resolved. Also, in the
(current) window cursor, a phrasing decision is made; i.e., an interphrasal L%
will be inserted if at least one of the two (content) words in the cursor is
underlyingly accented (+).

What are the reasons for postulating a look-ahead-one-word
mechanism for accentuation and phrasing? First, if there were no look-
ahead mechanism at all, how is it possible to account for the resolution of an
accent-conflict triggered, for example, by the feature, [+Deaccenting |; e.g.,
3071 + omame + jyuu --> aoi-omame-/yuu? To deaccent correctly
oma me as omame in the phrase, the speaker has to see the feature
[+Deaccenting ] before the speaker reaches the second mora of the noun, or
more reasonably before the speaker starts to utter the noun. Thus, there
must be some sort of look-ahead mechanism in accentuation. If, however,
the speaker were able to look ahead the accentual configurations of items up
to the end of the phrase, in other words, if there were a pfrase-sized
window cursor, it would not be possible to account for the phrasing
difference between, for example, (A43) ane-no-omame- jyvu, (—+-), =/=

- and (B43) ane-no - nimame- jyvu; (---), [-==]. If the speaker were
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able to see the feature [+Deaccenting | prior to uttering the phrases, both
phrases would have the same phrasing, i.e., [-—=]. That is, A43 should not
have the interphrasal L% because the speaker would be able to see the

feature [+Deaccenting ] of the postposition prior to uttering the initial word

and, thus, would treat the accentuation of the whole phrase as [F==]. If this
were the case, (A43) ane- no- omame- jyuu (== =] and (B43) ane- no-
nimame- /yuu [= = =] should have had the same phrasing, i.e., [-=-]
according with the earlier generalization which inhibits the insertion of an
interphrasal L% between two unaccented (=) content words. However, the
fact that A43 was realized as —/—— whereas B43 was realized as [-—-]
denies the existence of the phrase-sized window cursor; i.e., the speaker
cannot look ahead to all the accentual configurations of a phrase before
starting to utter it.

A look-ahead-one-word mechanism or an implementation of a two-
word-sized window cursor will explain things nicely. Because there is a two-
word-sized window cursor, an interphrasal L% is inserted after the modifier
in A43 but not in B43 due to the generalization that a phrase will have L%
between a modifier and a noun if at least one of them is underlyingly

accented:

A43 B43
[ane-no(=] oma me(+)| jyuu!+Deacl (@ane no(=]nimame (=] jyvu!+Deac]
Il Il

ane-no LY oma me ane-no - nimame
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The next movement of the cursor enables the speaker to see the feature

[+Deaccenting] and to deaccent the noun, oma me, in A43:

ane-nol loma me jyuul+Deacl| ane- no (nimame- jyyul+Deacl |4
Il Il
omame- /yuu nimame- [yuu

The results, ane-no L% omame- jyuv and ane- no- nimame - /yuu are
exactly what we want as the unmarked phrasing for the phrases. As the
reader will see shortly, this two-word-sized window cursor is implemented
as a device in algorithmic rules for accentual phrasing which will parse
intermediate phrases automatically into accentual phrases and will assign

appropriate tones to the phrases.

3.2.7 Algorithmic Rules of Accentual Phrasing and Tone Assignment

In this section, I explore the development of simple algorithmic rules
to draw schematic FO contours of the phrases used as the stimuli in the
experiment. Input will be texts of the phrases with some additional
information, and output will be schematic FO contours of the phrases. The
aim of drawing such FO contours of the phrases is to show that drawing the
schematic contours is actually the main part of the process which creates
natural pitch contours for a speech synthesis program.

In Pierrehumbert and Beckman's program, there are following steps to
be taken in synthesizing speech. First, a schematic version of the FO contour
of what one wants to synthesize is constructed by scaling tones and linearly

interpolating these tones which function as targets. The equations discussed
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in Chapter 2 are used to compute necessary constants and transform values
for the scaling. Durational values are assigned to mora-associated tones.
"The phonological attachment of the tones to the various nodes in the
prosodic structure determines how the single-point and mora-length tone
levels will align with segments in the speech signal” (Pierrehumbert and
Beckman 1989: 176). Then, the contour is smoothed by a filtering to
produce a gradual schematic pitch contour close to the one observed in real
speech.

There are a few differences in arriving at a schematic version of a
natural FO contour between Pierrehumbert and Beckman's program and a
simple algorithmic program presented here. First, in drawing schematic
versions of FO contours presented here, each tone is treated as a point with
no assignment of mora-sized durational value. The treatment is for the sake
of graphic representations. Treating a tone as a point will produce a clear
graphic representation of a natural FO contour and, in fact, can better
approximate to the final version of synthesized FO contour which has
undergone a filtering in Pierrehumbert and Beckman's program.

The second difference is the treatment of the phrasal H in an accented
accentual phrase. In Pierrehumbert and Beckman (1989), an accented
accentual phrase is marked by both the phrasal H and the accent H. In my
drawing of schematic FO contours, the phrasal H in an accented accentual
phrase is treated as optional because it often falls right on the line
interpolated between the preceding L% and the following accent H, showing

no elbow, inflection point, of an initial delimitative rise as seen, for example,
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in the case of the schematic FO contour (1) in Figure 3.1 in comparison with
(2) in Figure 3.2.

The third difference is the number of the phrasal H which the
unaccented accentual phrase can have. As seen in the schematic FO contours,
(3) in Figure 3.3 and (7) in Figure 3.7, I allowed unaccented accentual phrase
to have not just one but two phrasal H's, the second of which is associated
with the last mora of the phrase, in order to better approximate the natural
contours of the phrases.>

The last difference is the accentual phrasing algorithm. In
Pierrehumbert and Beckman's synthesis model, phrasing is not automatic;
i.e., phrasing information has to be specified manually. Here, in drawing
schematic FO contours, I develop simple algorithmic rules for accentual
phrasing so that once an intermediate phrase boundary is specified (a topic
of Chapter S), the simple phrasing algorithm will automatically parse an
intermediate phrase into accentual phrases as well as assign relevant tones
to the phrases.

To make the simple algorithmic rule of accentual phrasing and tone
assignment to work, the following information are required: item
specification (whether items are content words or postpositions); the feature
specification (the types of the features assumed by some of the
postpositions), and accentual specification (whether items are accented or
unaccented). Taking (A1) @07 + oma'me + made as an example, | show

how simple algorithmic rules can be developed.
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3.2.8 The Operation of Accentual Phrasing and Tone Assignment
1) Translate accented items (+ ), unaccented items (=), and features

([Feature]) into + = specifications; é.g.,

407+ omame + made --» + + +lsLeft-winl
(If a specifier (+ or =) has [+Feature], it is a non-monomoraic
postposition; if it is marked by [-Feature], it is 2 monomoraic postposition; if

no [+/-Feature] is attached, it is a content word.)

2) Insert an initial boundary, /, and to the boundary assign a L% (which may

be a property of an utterance or may be an intermediate phrase boundary®):

/ + 4 +|+Left-win|

I
L%

3) Set a two-specifier-sized window cursor at the initial position:

[ F_F] +[+Left-vinl
I

L%

4) Assign a HL to an initial specifier if it is +. If it is —, assign a H to the -
iff it is preceded by /:
+ |+Left-win]

I
L% HL
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S) Insert an interphrasal boundary, /, and assign a L% to it iff at least one of

the specifiers in the cursor is +:

[+ 7 ¥]| +I|+Left-win]
(N .
L% HL L%

6) Move the cursor to the next position:

/ + [/ + +[:Left-winl|
b
Lx HL L%

7) If the second item in the cursor is a postposition which is marked by
[+Feature], realize the feature. If it is not a postposition marked by [+/-

Feature]?, go back to (4):

/  + |/ + —l+Left-win]|
I
L% HL L%

8) Assign a HL to a + in the cursor. If a + is not found, then, either assign a
H to the first — iff it is preceded by / or assign a H to the second — iff the
first = is not preceded by /:

/ + [/ _+ —DLeltwinl|
I I
Lx HL L% HL
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9) Remove the cursor and insert a boundary, /, and to it assign a L%: |

/ + / + —lLeft-win] /
R I
L% HL L% HL L%

The above nine rules should adequately handle the unmarked
phrasing and tone assignment for all the phrases discussed in the previous
sections

Also, due to the loop created between Rule (4) and the Rule (7), the
rules can handle phrases with multiple modifiers. The only problem with
the set of the rules is that the operation of the tone assignment stops when
the cursor reaches a postposition. However, as we will see in Chapter 5,
there are many possible cases that (long) intermediate phrases have more
than one postposition in the phrases. To deal with such a situation, first, the
proviso, "(content) word" in the above generalization should be changed to
“(phonological) word"; i.e., in general, an accentual phrase boundary is
inserted between two (phonological) words if at least one of the words is
underlyingly (originally) accented. Second, let a phonological word be a
content word which may or may not be accompanied by postposition(s), i.e.,
a phonological word = a content word (+ postposition(s)).8 Third, some of the
above rules must be changed as follows:

(i) the end of an intermediate phrase boundary (//) must be specified.
(ii) the following series of the rules should replace Rule (8) and Rule (9):
(8') Assign a HL to a + in the cursor. If a + is not found, then, assign

a H to the first — iif it is preceded by /.
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(9') If there is no // (intermediate phrase boundary marker) in the

cursor, go back to (4). If there is //, proceeds to (10').

(10') Assign a H to the second — iff there are two —'s and there is no /

in the cursor.

(11') Remove the cursor, and assign a L% to //.

In regard to tone, the following are the results of these rules:

(i) insertion of an accentual phrase boundary between two (phonological)
words if one of them is underlyingly (originally) accented;

(ii) assignment of a HL to a (surface) accent;

(iii) assignment of a phrasal H to an unaccented word if it is preceded by a
boundary;

(iv) assignment of a phrasal H to the intermediate phrase final item if the
preceding unaccented word is not preceded by a boundary; and

(v) assignment of a L tone to a boundary.

Next, the tones have to be aligned with the segments in the phrase. In
Pierrehumbert and Beckman's model, the alignments are made by the
phonological attachment of the tones to the various nodes in the prosodic
structure of a tree representation. Although not discussed in this paper,
such alignment can easily be translated into a small set of algorithmic rules
which specify whether or not a tone will be assigned to a mora to assume a

mora-length durational value. In the example here, because tones are
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treated as points, alignments of the tones to the text is simple. From left to

right, align the tones to each possible point as shown:

a o' I oma me made

I I I I I
L¥ HL L% HL% L%

3.2.9 Tone Scaling
The next step is assigning transform values to the tones so that the
tones which lie flat can be vertically scaled. To do so, in the present case, the

averaged FO values for the tones were obtained from 15 tokens of phrasal

utterances:
a o’ 7/ oma me made
| | I | |
L% HL LX HL% L%

222 Hz 294 Hz 189 Hz 242 Hz 155 Hz

Next to obtain transform values for the tones, a high-tone line is set at
the same height as the highest peak in the phrase;?, i.e, the first HL (294 Hz),
and a reference line is set at the same height as the lowest point in the
phrase, i.e, the final L% (155 Hz). In the transform space set by these two
lines, transform values of the tones ranging between 1 and 0 are computed
as follows:

T(HLY) = (HL! - r) / (4- r) = (294-155) / (294-155) = 1.000
(Transform value of the initial accent HL:

because a high tone line is set at the same
height as the tone, its value is 1.000)
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¢c=(lpew- r) /! ((fowd- r) - (242-155) /7 (294-155) = 0.626
T(Apew) = ¢ = 0.626 (Transform value of the second,
catathesized accent HL)

T(L') = 1- (L'- £)/(A- r) = 1-(222-155)7(294-155) = 0.528
(Transform value of the phrase initial L%)

T(L2) = 1- (L2- £)/(4- r) - 1- (189-155) / (294-155) - 0.755
(Transform value of the interphrasal L%)

T(L3)=1-(L2-r) /(- r)=1-(155-155)7(294 - 155) =1.000
(Transform value of the final L%: because a
reference line is set at the same height as the
tone, its value is 1.000)

a o’ F oma me made

| [ [ | |
L% HL L% HL% L%
0518 1.000 0.755 0.626 1.000

Linearly interpolating the tones whose target values are encoded as
the transform value , a schematic FO contour for the phrase, go7- oma me-

made is drawn as follows:
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high-tone line

. : Lg>
reference line
a o’ / 0o ma me ma dae

One may wonder why it is necessary to compute transform values to
scale the tones, instead of using actual FO values to do so. The first reason,
which I have already mentioned in Chapter 2, why transform values are
used for tone scaling is that they can express the linguistic notion of relative
prominence. The transform values enable us to compare a tone with any
other tones in a transform space in terms of prominence. The prominence
relationships among the tones can be encoded in the form of transform
values regardless of changes of the whole pitch ranges. So, for example, in a
speech synthesis program, we can assign any FO values to a high-tone line
and to a reference line without distorting the prominence relationships
among the tones. The second reason why transform values should be used
instead of actual FO values is that accumulation of data of transform values
will eventually enable us to develop rules. Right now, as we have seen, to
compute transform values, we have to go back to FO contours of real speech.
Going back and forth between FO contours of real speech and schematic FO

contours will eventually lead us to accumulate a fair size of data from which
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we can extract rules to assign transform values to any tones in any prosodic
environments without referring to FO contours of real speech.

Although it was with just one example, [ have demonstrated how a
text of a phrase, #07- oma me- made, can be converted into its schematic
pitch contour. All schematic contours shown in the Figures from 3.1 to 3.9

should be understood that they are drawn in the same fashion.

3.2.10 Summary

(1) As a preliminary to investigating accentual phrasing, I have looked
at accentual peculiarities of various postpositions because they play
significant roles in the phrasing and phrasal contours. Depending on their
accentual behaviour, the postpositions are classified into four groups: (i)
[+Left-winning] postpositions whose accent is deleted by a preceding
accented host ; (ii) [+Anonymity] postpositions which do not have any
independence in accentuation; (iii) [+Deaccenting] postpositions which
deaccent a preceding accented host ; and (iv) [+Preaccenting] postpositions
which place accent on the last syllable of a preceding host.

(2) Conducting an acoustic experiment on accentual phrasing, I have
obtained some insight: (i) accentual phrasing is not determined by syntactic
configurations but by accentual configurations; (ii) however, the accentual
phrasing is conditioned, not by surface, but by underlying accentual
configurations of phrases. The finding was generalized as that: in general,
an interphrasal accentual boundary is inserted between two (content) words

if at least one of the words is underlyingly (originally) accented.
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(3) The generalization motivated the claim that there is a look-ahead
mechanism in accentuation and accentual phrasing. That is, the speaker can
look just one word ahead to determine the accentuation and phrasing of the
current word. [ have implemented such a mechanism as a two-word sized
window cursor. Such a cursor was, then, used as a device in developing
algorithmic rules of accentual phrasing and tone assignment.

(4) I have shown how such algorithmic rules can parse intermediate
phrases into smaller, accentual phrases and can assign tones to the phrases

to draw schematic pitch contours, which can be used for speech synthesis.
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Figure 3.1

A schematic pitch contour of (1), +/ + — : L% HL L% HL L%. (FO values in
Hz are means of 15 tokens.)

L%
(155)

Transform values:

T (HL) = (HL - 7) / (4 - r) = (294 - 155) / (294 - 155) = 1.000
c=(lnew-r)/ (fod- r)=(242 - 155) /(294 - 155) = 0.626

T (HL2) = ¢ = 0.626
TLY=1-ULY-7r)/(8-r)=1-(222-155)7(294-155)=0518
T(L2)=1-(L2-r)/(h-r)=1-(189-155)/(294-155)=0.755
T(L3)=1-(L3-7r)/(h-r)=1-(155-155)/(294 - 155) = 1.000

Cases:

All: a07 L% omame- made
Al4: a07 L% omame -ns

A3l: ani-no L% omame- made

A34: an/-no L% omame -ni
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Figure 3.2

A schematic pitch contour of (2), +/ = + :L% HL L% H HL L%. (FO values in
Hz are means of 22 tokens.)

(204) 5 Lg3\(157)
LB%(185)

Transform values:

T(HL) = (HL - r) /(4 - r) = (291 - 157) /7 (291 - 157) = 1.000

c=(finew- r)/ (fold- r)=(236 - 157) / (291 - 157) = 0.590

T (HL2) = ¢ = 0.590

T(Hu) = » * T (HL2) = 0.590 »

v =T(Hu) / T (HL2) = ((216 - 157) / (291 - 157)) / ((236 - 157) / (291 -
157)) = 0.747 (The constant, v, expresses the prominence relationship

between the phrasal H and the accent HL2.)
T(Hu) = 0.590 * 0.747 = 0.441 (T (Hu) is a transform value of the phrasal H)

TILY)=1-(L1-7r)/ (4 -r)=0.649
T(L2)=1-(L2-7)/(A4-r)=0.791
T(L3)=1-(L3-r)/ (4 -r)=1.000

Cases:
Al2: ao7 L% omame-gurar Bl12: 207 L% nimame-gurar
A32: ani-no L% omame-gurar B31: an/-no L% nimame- made

Bll: ao7 L% nimame- made B32: an/-no L% nimame-gurar
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Figure 3.3

A schematic pitch contour of (3), +/ — — : L¥ HLL% HH L%. (FO values in
Hz are means of 14 tokens.)

HL
(300)

L% Lg2
(214) (181)

Transform values:

T(HL) =(HL- r) /(4 - r) =(300 - 187) / (300 - 181) = 1.000

T(HY) = c=(lpew-r)/ (hod- r)=(227 - 181) /(300 - 181) = 0.386
T(H2) = v * T (H!) = 0.386 &

v=(H2-r)/(H!'-r)=(203-181) /(300 - 181) = 0.478

T (H2) = 0.478 * 0.386 = 0.185

TLY =1-(L1-r)/(h-r)=1-(214-181) /(300 - 181) = 0.723
T(L2) = 1 - (L2- r) / (4- r) = 1.000
T(L3)=1-(L3-r)/(h-r)=1-(202-181) /(300 -222)=0.824

Cases:
Al3: a07 L% omame-/yuu Bl4: ao7 L% nimame-ni
A33: an/-no L% omame-jyvu B33: anf-no L% nimame- yuu

B13: 207 L% nimame-jyuvu B32: ani-no L% nimame-ns
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Figure 3.4

A schematic pitch contour of (4), -/ + — ; -/ - + : L« HL% HL L%. (FO
values in Hz are means of 23 tokens.)

Transform values:

TH)=(H-r)/(4-r)=(271-155)7(271 - 155) = 1.000

T(HL) = (HL- r)/ (4 - r) = (271 - 155) / (271 - 155) - 1.000

T =-1-@ML-r)/(4-r)-1-(178-155) /(271 - 155) - 0.802
T(L2)=-1-(L2-r)/ (4 -r)-1-(239-155) /(271 - 155) - 0.276
TL3)=1-(L3-r)/(h-r)=1-(155-155) /(2271 - 155) = 1.000

Cases:

A21: omor L% omame- made
A4l: ane-no L% omame - made
A22: omor L% omame-gurar
A24: omor L% omame-ni

A42: ane-no L% omame -guras

Ad42: ane-no L% omame -ni
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Figure 3.5

A schematic pitch contour of (5),[- — +]: L% H HL L%. (F0 values in Hz
are means of 19 tokens.)!0

(276) (267)

Lg!

{183) Lg2

(163)

Transform values:

T(HL) =(HL-r) /(4 - r)=(267-163) /(267 - 163) = 1.000
v=(Hu-r)/(a-r))/((HL- r)/ (4 - r))=((276 - 163) / (267 - 163)) /
((267 - 163) / (267 - 163)) = 1.086

T(Hu)= o« *T(HL) = 1.086

TLD=1-L1-7)/(4-r)-1-(183-163) /(267 -163) - 0.808

T(L2) = 1-(L2- r)/ (4- r)=1.000

Cases:

B21: omor- nimame - ma de
B22: omor- nimame- gu rar
B41: ane-no-nimame- ma de

B42: ane-no-nimame-gurar
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Figure 3.6
A schematic pitch contour of (6), =/ — — : L¥ HL% HL%. (FO values in Hz
are means of 3 tokens.)

Transform values:

THY)=HI-7) /(4 - r)=(276 - 183) /(276 - 183) = 1.000
T(H2) = v

v=(H2-r)/(H'- r)=(268 - 183) - (276 - 183) = 0913

T(H2)= v =0913

T(LY) =1 -(LY- )/ (4 - r)=1.000

T(L2) =1 -(L2- r)/ (A-r)=1-(223 - 183) /(276 - 183) = 0.570
T(L3) =1-(L3-r) /(L -r)=1-(256 - 183) /(276 - 183) = 0.216

Cases:
A23: ane-no L% omame-jyuu

A43: omor L% omame-jyvu
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Figure 3.7

A schematic pitch contour of (7), [~ — =] : L% HH L%. (FO values in Hz are
means of 12 tokens.)

(177

Transform values:

THY)=(H!-r) /(4 - r)=(251-177) /(251 - 177) = 1.000
T(H2) = v
v=(H2-r)/(H'-r)=(233-177)7(251-177)=0.750

T (H2) = 0.750

T(LY) =1-(L1-r)/7 (4 - r)=1.000

T(LZ) =1 -(L2- r)/ (A- r)=1-(221-177) / (251 - 177) = 0.406

Cases:

B23: omor- nimame - jyvu
B24: omor- nimame- nr

B43: ane-no-nimame- jyuu

B44: ane- no- nimame- ns
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Figure 3.8

A schematic pitch contour of (8, marked phrasing), [+ — =] : L% HL L%. (FO
values in Hz are means of 10 tokens.)

Lg2
(160)

Transform values:

T(HL) -HL-r) /(4 -r)-(298 - 160) /(298 - 160) - 1.000

T =1-(LI-r)/(8-r)=1-(188-160) /(298 - 160) = 0.790
THLY=1-(MHL-7)/(h-r)=1-(189-160)/((298 - 160) - 0.798
T(2)-1-(LZ-r)/(A-r)-1-(160-160) /(298 - 160) - 1.000

Cases:

All: go7-omame- made
Al4: aoi- omame- nf

A31: ans-no omame- made
A32: an/-no omame- gurar
A34: an/- no-omame-ni
B13: a07- nimame- jyuu
Bl4: aoi- nimame- nr

B34: anri-no-nimame-nr
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Figure 3.9

A schematic pitch contour of (9, marked phrasing), [+ — +]: L% HL HL L%.
(FO values in Hz are means of 4 tokens.)

HL
(273)

187 HL2
LB VR (196)

(179) L%Z
(150)

Transform values:

T(HLY) = (HLl - r) / (& - r) = (273 - 150) / (273 - 150) = 1.000
c=(fnew-r)/(figd- r)=(196-150) /(273 - 150) = 0.373

T (HL2) = ¢ = 0.373

T =1-(LY-r) /(4 -r)=1-(179 - 150) / ((273 - 150) = 0.765
THL)=1-(HL- )/ (A - r)=1-(187 - 150) 7/ ((273 - 150) = 0.700
T(LZ)=1-(L2- r)/ (4- r)=1.000

Cases:
Al2: aoi-omame-gurar
Bll: z07- nimame- ma de

B12: a0/ - nimame-gu rar
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3.3 Experiment on Narrow-focusing

Using the same phrasal stimuli as in the previous experiment (in Table
3.2 ), an experiment is conducted to examine the effects of narrow-focus
placed on each item of the phrases. To do so, one of the subjects who
showed the clearest accentual phrasing (i.e., frequent insertion of
interphrasal L% at possible locations) in the previous experiment
participated in the experiment on narrow-focusing. In the experiment, each
carrier sentence which embeds a stimulus (i.e., phrase) was elicited by three
different interrogative sentences to which answers would place a narrow-
focus on each item of the stimulus. A total of 96 utterances (( 4 * 2 * 4) *3) =
96 were recorded and analysed.!!

The following is a list of questions to be answered from the
experiment:
(i) In the previous experiment, there were four types of the marked
phrasing contours schematized as (5), (7), (8), and (9) (cf. Tables 3.3 and 3.4).
Speculation was that these contours were the results of the narrow-focus
placed on the initial modifiers. By placing prominence on the phrase initial
modifiers, can these four types of the pitch contours be replicated?
(ii) Does an intermediate L% always manifest right before a narrow-focused
item, as Pierrehumbert and Beckman (1989) claim? For example, will the
phrases of "modifier + noun + postposition” be split into two intermediate
phrases if the noun is narrow-focused?
(iii) Does such an intermediate L% appear even before narrow-focused

postpositions?
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(iv) Can any evidence be found, in narrow-focus situations, which supports
my contention that the accented no-phrase modifier behaves differently
from the accented adjectival modifier in the locality of deaccentuation?

(v) In the phrases, such as @07 + oma me + gurasl+Deaccentingl does
narrow-focus condition the accented noun to retain its accent which is, in a
non-focus situation, deaccented by the feature [+Deaccenting]? Similarly, in
the phrases, such as 207 +oma me + ma del+Left-winningl doesnarrow-
focus condition the accented postposition marked by the feature [+Left-
winning] to retain its accent, which is, in a non-focus situation, deaccented by
the preceding accented noun?

(vi) Can monomoraic postpositions, such as 2/ "dative”, which do not have

any prosodic autonomy show any autonomy once they are narrow-focused?

3.3.1 Narrowv-focus on the Modifiers

I will first discuss the effects of narrow-focus on the modifiers,
grouping the modifiers into two groups: i.e., the accented modifiers and the
unaccented modifiers. First, the noticeable effect of placing prominence on
the accented modifiers is the disappearance of the interphrasal L% observed
in the corresponding non-focused phrasings (cf. Figures 3.3 and 3.4), creating
pitch contours schematized as (8') and (9') in Figure 3.10.

As is easily noticed, these pitch contours have the same shapes as the
two of the four marked phrasing pitch contours in the previous experiment
(3.2), i.e., the pitch contours schematized as (8) in Figure 3.8 and as (9) in
Figure 3.9. Thus, it must be correct to say that the marked phrasing which

was conditioned by culminative accentuation and whose pitch contours were
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schematized as (8) and (9) were, in fact, caused by narrow-focus placed on

the initial accented modifiers.

(221)
HL\
L%(185) L%(181) L% L%
Cases: Cases:
(A11) a07 + oma me + ma de. (A12) 207 + omame + gurai
(A13) a07 + oma me + jyuu. (B12) @07 + nimame + gurai

(A14) g07 + omame + ni.
(B11) a07 + nimame + ma de.
(B13) @07 + nimame + jyuu.
(B14) @07 + nimame + ni

Figure 3.10

Schematized pitch contours which are due to the narrow-focusing the phrase
initial accented modifier. The FO values in Hz in the left contour are means
of 6 tokens and those in the right contour are means of 2 tokens.

It seems to be the case that for the phrases with at least two
underlying accents, there is allophony of FO contours, depending, perhaps, on
the degrees of prominence.!2 That is, if no focus is involved, the phrases are
realized as the pitch contour schematized as (1/2) in Figure 3.11. If the
accented modifier of the phrases is narrow-focused, the phrases will have

the binate pitch contour of (9/9'). However, if the prominence on the



80

accented modifier is strong, the phrases will result in having the pitch
contour of (8/8') where the left-most accent deaccents any accents on the

right in the phrasal domain.

L%
L%

Figure 3.11
Allophony of FO contours for the phrases with at least two underlying
accents.

Such an allophony of the FO contours can clearly be observed in (B11)
aosr + nimame + made. AsTable 3.4 tells us, the phrase is realized as the
contour (2): a07 L% nimame- ma de as unmarked, i.e., non-focused,
phrasing. It can also be realized as (9): [407- nimame - ma de], as the
subject H and S did (in Table 3.4 /marked phrasing). Furthermore, it is
possible to utter the phrase with a single accent, just as the subjects K did (in
Figure 3.10), and to create the contour (8'): | AQ7- nimame - made). 1t is
quite likely that in conversational speech, the FO contours schematized as
(8/8') and (9/9') occur more regularly than that of (1/2).

In regard to the prominence placed on unaccented modifiers,
Pierrehumbert and Beckman (1989: 105-106) demonstrate that in a phrase

consisting of an unaccented adjective and a noun, prominence placed on the
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unaccented adjective erases the interphrasal L% observed in non-focus
situations. This is exactly what happened in the experiment. Regardless of
the accentuation of a following noun, the narrow-focus on the unaccented
modifiers created plateau-like contours schematized as (5') and (7') in Figure
3.12. These schematic contours had, in fact, the same shapes as the contour
(S) (in Figure 3.5) and the contour (7) (in Figure 3.7) which were classified as
marked phrasing contours for the phrases in ane- 7o group in oma me-set
in Table 3.3 .

(5 (7
H
(315) H
(303)
H
(269)
L% \
L% (195) (216) 2l
L% (256)
(176)
Figure 3.12

Schematized pitch contours which are due to narrow-focusing the phrase
initial unaccented modifiers. The FO values in Hz in the left contour are
means of 8 tokens and those in the right contour are means of 3 tokens.

Thus, it can be concluded that these marked phrasing contours
schematized as (5) and (7) as well as the marked phrasing contours
schematized as (8) and (9) in the previous experiment were, surely, the
results of the narrow-focus placed on the initial modifiers.

Before moving to the next section, something must be said about the

pitch contours of the phrases whose modifier is the accented no-phrase, 2./
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- no, because the narrow-focus on the modifier created different pitch
contours from the narrow-focus on the accented adjectival modifier, g07.
That is, unlike the narrow-focus on the adjectival modifier, the one on the no
-phrase modifier did not erase the interphrasal L% observed in the

corresponding non-focused phrasings, as seen in Figure 3.13.

(39 (1)

(zo’i}%

(195) L%
181 \
s (165)
Cases: Cases:
(A33) an/-no + omame + Jyuu. (A31) an/-no + omame + made.
(B33) ani-no + nimame + jyuu. (A32) ani-no + omame + gurar
(B34) an/i-no + nimame + ni (A34) an/-no + oma me + ni

(B31) an/i-no + nimame + ma de
(B32) an/-no + nimame + gurai

Figure 3.13
Schematic pitch contours of the phrases with the narrow-focused accented
no-phrase modifier, 22/- no. The FO values in Hz in the left contour are

means of 3 tokens and those in the right contour are means of S tokens.

The contours in Figure 3.13, in fact, support my contention discussed
in 3.2.2 that an accented adjectival modifier and an accented no-phrase

modifier have different localities in deaccenting a phrase final [+Left-
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winning] postposition. As far as the subject K's utterances are concerned,
unlike the narrow-focused accented adjectival modifier, for example, in
(B11)A07- nimame- made (in Figure 3.10), the narrow-focused accented z20
-phrase modifier cannot deaccent the postposition. As seen in Figure 3.13,
(B31) AN/-NO + nimame + ma de is realized as A N/- NO L% nimame-
ma de , where the no-phrase modifier is unable to deaccent the postposition
due to the interphrasal L%. That is, in (B11), the accented phrase, 407-
nimame, deaccents the postposition, ma de, while in (B31), being blocked by
the L%, the no-phrase modifier cannot form an (accented) accentual phrase
with the noun head, zzmame, and fails to deaccent the postposition.
However, such phrasing and contour differences between the two
modifiers cannot be observed in other speakers’ utterances. For example, for
the subject H, there is no difference in deaccentuation between (A11) [407-
omame- made) and (A31) [ A N/- NO- omame - made) both of which have
the same schematized contour (8) (in Figure 3.8) with the deaccented
postposition (cf. Table 3.3 ). Furthermore, if my contention were correct,
(B11) ao7+ nimame+ ma de in Table 3.4 should be realized, even in the case
of unmarked phrasing, as q07- nimame- made instead of z07- nimame-
made Thus, although one subject, K, shows some difference in the locality
of deaccentuation between the no-phrase modifier and the adjectival
modifier in the narrow-focus situation, the evidence is too weak to be
generalized. Because there is no other evidence to support my contention, I
will withdraw the claim that zo-phrase modifier and the adjectival modifier

have different localities in deaccentuation.
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3.3.2 Narrowv-focus on the Nouns

Pierrehumbert and Beckman (1989) are correct in saying that an
intermediate L% is manifested before a narrow-focused item because in the
experiment, the insertion of the intermediate L% is clearly observed when
prominence is placed on the nouns, oma me and n/mame. For example, an
utterance of (A33) an/-no + oma me +;vuu shows a strong, i.e., low FO-
valued, intermediate phrase boundary immediately before the narrow-

focused noun, as seen in Figure 3.14.

Hz]
300 1

2501/ /\/’/\/v\/\!ﬁ—\-
\/«_

200 -

150

a n 7 no 0 ma’ me Y uu

Figure 3.14

A FO contour of an/-no L% OMA ME - jyuu showing a strong, i.e., low FO-
valued intermediate L% before the narrow-focused noun provides a piece of
evidence which supports a claim that an intermediate L% appears before a
narrow-focused item.



85

HL2
(311)

U
(300)

L%
(160)

Figure 3.15

Schematic FO contours of g07- OMA (ME ----) and aoi- NIMA(ME ----)
which exhibit (i) the insertion of intermediate L% before the narrow-focused
nouns,oma (me and nima(me), and (ii) the non-propagation of the
catathesis effect across the second L%. FO values are means of 16 tokens.

The schematized pitch contour in Figure 3.15 also supports
Pierrehumbert and Beckman's claim because it shows not only the low F0O-
valued L%, which must be an intermediate L%, but also the high FO-valued
second HL (HL2) and phrasal H (Hy) which are unaffected by catathesis. The
catathesis effect of the initial HL does not affect the FO value of the second
HL or the phrasal H because the propagation of the catathesis is blocked by
the intermediate L%.

Another rather expected effect of the narrow-focus on the nouns is
that the accented noun retains its accent even if it is followed by the
postposition marked by the feature [+Deaccenting], i.e., /ywu "distributive” or

guras "binary determiner”: i.e.,

------ omame- [yuu versus v OMA ME- fyuu

------ omame-gurar versus v OMA ME- gurar
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Hz
300
ey
2507 ﬂP\\ \/\//d\/
L%
200 N .
150
a n r n o o ma me g U rair
Figure 3.16 '

A FO contour of 2n/-no- OMA ME-gurai shows that the narrow-focused
noun retains its accent despite of the fact that the following postposition is
marked by the feature [+Deaccenting].

As seen in Figure 3.16 (and also in Figure 3.14), when the accent H of
the noun is retained due to the prominence, an accentual L% appears before
the following [+Deaccenting] postposition. The insertion of the accentual L%
between the narrow-focused noun and the following postposition may well
be to protect the accent H of the noun from being deaccented by the feature
[+Deaccenting] as well as to protect the postposition from being focus-

subordinated to the noun.

3.3.3 Narrow-focuson the Postpositions

Different from the placement of the narrow-focus on the content
words, the placement of narrow-focus on the postpositions does not develop
an intermediate L% before the focused items. Instead, as 207-oma me-
MA DF in Figure 3.17 demonstrates, an accentual L% is inserted except for

the two cases; i.e, when ma de and n/ are preceded by the unaccented noun



87
(=). Table 3.5 shows the insertion and non-insertion of the accentual L%

before the narrow-focused postpositions.

Hz]
300

AN
ol W T N

150

a o 7 oma me ma'de
Figure 3.17

The appearance of accentual L% before the narrow-focused postposition in

an utterance of 207 L% oma me L% MA DF is displayed. The L% preceding
the postposition cannot be an intermediate L% because of its high FO value
and because of its incapability of blocking the chain of catathesis. The L%
functions to protect the accent of the postposition from being deaccented by
the preceding accented noun, oma me.

Table 3.5

The insertion and the non-insertion of the accentual L% before the narrow-
focused postpositions is displayed. The accentual L% is not inserted between
the unaccented noun and the postposition marked either by the feature

[+Left-winning] or by the feature [+Anonymity]. The +'s and -'s specify the
accentuations of the nouns.

Insertion of Accentual L% between Non-insertion of Accentual L%
Noun and POSTPOSITION between Noun and POSTPOSITION

+ - L% GURAJ !+Deaccentingl

+ - L% J¥UU |+Deaccenting]

+ L% AMA DE [+Left-winning] - MA DF |+Left-winning]
+ L% A/ [+Anonymity] - AN/ [+Anonymity]
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Next, in regard to the accent of [+Lef t—winning] postpositions, such as
in ao7+oma me+ ma de, the narrow-focus conditions the postposition to
retain its accent and realizes the phrase as @07 L% oma me L% MA DE.
However, the retention of the accent, which is, in a non-focus situation,
deleted by the preceding accented noun may not be a direct result of a high
FO value due to the prominence but rather be a result of accentual phrasing.
That is, the narrow-focus placed on the [+Left-winning] postposition protects
the postposition's accent from being deaccented by the preceding accented
noun by way of inserting an accentual L% before the postposition so that the
left-win rule, whose domain is an accentual phrase, cannot apply across the
accentual L%. The contour in Figure 3.17 illustrates the point.

Lastly, the effects of the narrow-focus on the monomoraic
postpositions, such as 2/ "dative", can be seen in two manners. First, if the
monomoraic postpositions are preceded by an accented noun, the narrow-
focus on the postpositions conditions the insertion of an accentual L% before
the postpositions, creating an independent accentual phrase contour for the
postpositions, as seen in Figure 3.18. However, if the monomoraic
postpositions are preceded by an unaccented noun, the effect of the narrow-

focus is manifested merely as a final rising contour, as seen in Figure 3.19.
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Hz’
300 1
0. //‘-’\\
\’_’j/'_';\//ﬁ- e
200
150
a o ¥ oma me n/
Figure 3.18

A FO contour of an utterance of (A11) @07 + omame + n/ "to the blue beans"
is realized as @07 L% oma'me L% N/ where the narrow-focused monomoraic
postposition, which usually does not have any prosodic independence, shows
an individual accentual phrase contour.

300 1

250 1 ——
/- /_/‘“\.4- x_-_\_\//\_

200

150

a o’ I n /5 ma me nirf

Figure 3.19
FO contour of an utterance of (B34) an/-no + nimame + n/ "to the brother's

cooked beans" is realized as 22/-no L% nimame- N/ where the narrow-
focused postposition shows merely a final rising contour when it is preceded
by the unaccented noun, a/mame.
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3.3.4 Summary

By way of summarizing the results of the experiment on the effects of
narrow-focusing, | will provide answers to the questions posited at the
beginning of the section.

(i) By placing prominence on the modifiers in the phrases of “modifier
+ noun + postposition”, I could replicate all the four pitch contours which
were regarded as due to marked phrasing in the previous experiment. In
other words, I could resolve my speculation that all the marked phrasing
contours in the previous experiment were results of the narrow-focusing the
initial modifiers.

(i) Furthermore, depending primarily on the degrees of prominence
placed on the initial modifiers, there was allophony of pitch contours for the
phrases with at least two underlying accents. That is, when no prominence
was involved, the phréses were realized as a contour with two HL's
separated by an interphrasal accentual L%. When the initial modifiers were
narrow-focused, the phrases had either a binate contour characterized by
two HL's with no intervention of an accentual L% or a one-accent-a-phrase
contour which retained only the left-most accent in the phrases.

(ii) Pierrehumbert and Beckman (1989) were correct in saying that an
intermediate phrase L% manifests right before a narrow-focused item. In
the experiment, the insertion of the intermediate L% before a narrow-
focused item was clearly observed when a noun in the phrases was narrow-
focused, creating a low FO-valued (strong) L% which blocked the propagation

of catathesis across the L%.
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(iii) However, if the narrow-focused item was a postposition, instead
of an intermediate L%, an accentual L% was manifested before the
postpostion.

(iv) As far as the utterances of the participant to the experiment were
concerned, there was some evidence which supported my contention that the
no-phrase modifier and the adjectival modifier behave differently in the
locality of deaccentuation. The evidence was, however, too weak to be
generalized.

(v) The accents which were, in non-focus situations, deleted either by
an immediately preceding accent (i.e., left-win rule) or by the feature
[+Deaccenting] of a postposition were retained once the units containing the
accent were narrow-focused. However, the retaining of the accent was not to
do with high FO values caused by the narrow-focus but rather to do with the
phrasing which inserted an interphrasal L% to protect the accent from being
deaccented by the left-win rule or by the feature [+Deaccenting].

(iv) Even the monomoraic postpositions, such as 2/ "dative”,
developed their own accentual phrase once they were narrow-focused.
However, such prosodic autonomy was observed only when the postpositions
were preceded by an accented item. When the monomoraic postpositions
were preceded by an unaccented item, the narrow-focus effect was observed
merely as a rising contour at the end of the postposition.

Although no tone scaling and accentual phrasing algorithm are
provided for intermediate phrases some of whose tones are affected by
narrow-focus, it is possible to translate all the above findings into tone

scaling and accentual phrasing algorithm. Basically, what have to done are
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(i) compute transform values of tones in intermediate phrases in whose
domains narrow-focus is placed; (ii) create a narrow-focus parameter whose
values are the ratio of transform values of narrow-focused tones to
transform values of non-narrow-focused tones; (iii) develop a few sets of
algorithmic accentual phrasing rules which can account for variability in
accentual phrasing due to strengths of narrow-focus; and (iv) depending on
the parameter values, i.e., the degrees of prominence, a different set of
algorithmic rules is activated to develop variations in the accentual phrasing.
In regards to the insertion of an intermediate phrase boundary which is
conditioned by narrow-focus, there is a device in the intermediate phrasing

algorithm which will be discussed in Chapter 5.

Endnotes

'If the last syllable is long, the accent should be on the first mora of the syllable;e.g.,
&akkoo + sika --> gakkoo-sika.

2 It looks like that instead of #2/- n0, I should have found a NP(+possessivel-item
which hasan accent not on the first but on the second mora so that it could have been
contrasted with g0 7. But it is not possible to find such a NP[+Possessivel-item because
of the well-known accentual behaviour of the 20-postposition which deaccents an
immediately preceding syllable (McCawley 1986, Poser 1984).e.g. /e '+ no -—> fe- no
(house-of); zav’+ no -—> inu- no (dog's). Also, it was not possible for me to find,
instead of 407, an adjective which has a similar phonemic configuration as 2 z2/- no
and still hasan accent on the first mora.

3 No schematic pitch contours are provided for Subject K's utterances of B13 and B23
because there is only one token for each case, making it impossible to provide
generalized contours.

4 Because one of the items, i.e., postposition, in the cursor of the second move is nota
content word, the generalization does not apply at this stage.
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5 Such a treatment may support the existence of “tone spreading” which
Pierrehumbert and Beckman (1989) claim dose not exist in Tokyo Japanese. I have no
intention to argue about whether or not tone spreading exists in Tokyo Japanese. (Cf.
Kori's (1987) claim for Osaka Japanese).

6 If it is an intermediate phrase boundary, in theory, it would be the last accentual
phrase boundary of the preceding intermediate phrase which functionsasan
intermediate phrase boundary.

7 That is “if it is a content word" .

8 I have no intention of postulating an additional prosodic unit, the “phonological
word”, in Pierrehumbert and Beckman's prosodic model. Postulating the phonological
word is redundant because it can be represented either by a "word” or by an "accentual
phrase”.

9 In Pierrehumbert and Beckman (1989), a high-tone line is set at a possible FO value
which a tone with maximum prominence will have.

10 Although Pierrehumbert and Beckman (1989) say that an accent HL is always higher
than a phrasal H in an accentual phrase, the schematic contour indicates that if an
accent HL is at a postposition, the HL can be lower than a phrasal H.

11 Only one subject was requested to participate in the experiment due to the size of the
data. That is, having more than one subject would have made the size of the data too
large to analyse in terms of time and labour involved.

12 "prosodic weight" of postpositions may also influence the allophony. For example,
/yuu, an accented postposition with the feature [+Deaccenting] tends not to be focus-
subordinated.



Chapter 4
Catathesis

Catathesis, a downtrend in an intermediate phrase, is the topic of this
chapter. I will investigate relationships between iterative applications of
catathesis and syntactic tree configurations.! Despite the claims of Poser
(1984) and of Pierrehumbert and Beckman (1989) that catathesis takes
place and chains regardless of the position and the number of its triggers,
(i.e., accents), Kubozono (1985) makes an interesting argument that
catathesis propagates only in a left-branching noun phrase. In a right-
branching noun phrase, Kubozono says, even if a phonological condition is
satisfied, catathesis does not chain beyond an innermost noun phrase, having
the right-branching syntactic node as a constraint. [ would like to examine,
first, whether there is any difference between the iterative application of
catathesis in the left-branching NPs and in the right-branching NPs. If there
is any difference, then, | would like to investigate whether such
branchingness can be regarded as a syntactic constraint on the application of
catathesis.

An acoustic experiment which examines catathesis contours of various
types of left- and right-branching NPs will show that there is a difference
between left- and right-branching NPs in catatheis contours although the

shapes of the catathesis contours in the experiment and those in Kubozono's
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study will not be the same. Furthermore, an additional experiment which
examines blocking of catathesis will indicate that there is no such

phenomenon as the b/ocking of catathesis.

4.1 Vhat is Catathesis?

Catathesis, which is defined as an iterative pitch compression at each
accent, is a tonal assimilation originally reported in the study of ‘African tone
languages (Schachter and Fromkin 1968, McCawley 1970). Depending on the
tonal transparency, there are two types of catathesis; automatic catathesis
and non-automatic catathesis. Automatic catathesis or "downdrift” is a tonal
phenomenon in which any high tone separated from a preceding high tone
by a low tone is realized with a lower pitch value than the preceding high
tone. In other words, in a language with downdrift, high tones are lowered
after each low tone, realizing the first high tone in a sentence as the highest
tone in pitch and the last high tone in the sentence as the lowest high tone in
pitch (Kenstowicz and Kisseberth 1979). Non-automatic catathesis or
“"downstep” is the same type of tonal assimilation as automatic catathesis
except thai the condition of the lowering the high tone, i.e., the low tone
preceding the high tone, is not visible on the surface. Thus, in a language
which has downstep, there is a difference between the sequence of H H
where the second H has the same pitch value as the first H and the sequence
of H IH2 where the second IH has a lower pitch value than the first H due to
the tonal assimilation conditioned by an invisible low tone which is floating
underlyingly between the H and the IH (Clements and Ford 1979).

Catathesis was first proposed for English by Pierrehumbert (1980).
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Pierrehumbert argues that English intonation can be described with the
inventory of just two tones, High and Low, if a catathesis realization rule is
postulated. That is, a catathesis realization rule can account for the tonal
height which may motivate the postulation of Mid tone as, instead, a
catathesized H tone and keep the inventory of tones as small as possible with
no inclusion of the M tone. Furthermore, the catathesis realization rule can
account for a down-stepping pitch contour as a result of iterative
applications of catathesis. Without such a rule, for example, a contour of
uttering (without a pause) a series of berry names, "blueberries lbayberries
Iraspberries Imulberries Ibrambleberries” will demand several discrete tonal
levels for describing it. A problem with postulating so many different levels
of tones is that by doing so it will not only make the tonal inventory
cluttered but also fail to explain why so limited possible combinations of the
tones are used only in certain environments, such as above (Beckman and
Pierrehumbert 1986a: 272).

It is Poser (1984) who first proposed catathesis for Japanese, saying
that much of the downtrend in the domain of a major (- intermediate)
phrase can be attributed to catathesis triggered by an accent. Unlike in
African languages (or in English), in Japanese, catathesis is not triggered by a
mere sequence of H and L (such as a phrasal H and a boundary L in an
unaccented accentual phrase) but is specifically triggered by an accent, HL.
To show that the absolute pitch value of a H tone is lower after an accented
word than after an unaccented word, Poser compared a H tone in minimally
contrasting phrases: uma s mirin "tasty cooking wine" and amar mirin

“sweet cooking wine”. Poser argues that the fact that FO fall from the
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accented adjective to the noun is greater than FO fall from the unaccented
adjective to the noun is not to do with the intrinsic FO value difference
between accented vma7 and unaccented amas. If it were the case, the FO
values of the noun should be the same. However, the fact that the noun is
lower in FO value when preceded by the accented adjective than when
preceded by the unaccented adjective proves that the accent in vma 7 lowers
a pitch value of mirin. The point can be illustrated from the data in Figure
4.1 where the FO value of the second peak after the accented peak shows

significant FO reduction.

Figure 4.1

Mean peak F0 values of adjective and noun in the phrase; (1) 207 (accented)-
v 'ms "blue sea” uttered by three subjects on the left-hand side and mean F0
values of adjective and noun in the phrase; (2) ara/ (unaccented)- v/
‘rough sea” uttered by the same subjects on the right-hand side.
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Such a FO lowering effect of an accent can also be plotted as a peak-to-
peak relationship, as in Figure 4.2. If an accent were not to lower the
following H, all the data points in the plot would be on the same line. The
fact that the white dots representing go07- v ms occupy a lower y-value
region than the black dots representing aras/- v ms indicates that an accent

does, indeed, lower the following H.

‘g 180 4 o
| o}
160 S L . Ll L I % L el
240 260 280 300 320 340 {2
Peak value in an adjective

Figure 4.2
FO value of the peak in the noun ( ¥ /) plotted against the peak in the

preceding adjective (207 or arar). The Black diamonds are for the phrase,
aras (unaccented)- v m/ "rough sea”, and the white squares are for the
phrase, 207 (accented)- v ms “blue sea”.

It is Beckman and Pierrehumbert (1985, 1986a&b, 1989) who
rigorously and extensively investigated the nature of catathesis in Tokyo
Japanese. Their analysis is characterized as follows:

(i) Catathesis is a downtrend which takes place strictly in the domain of an

intermediate phrase. An accent, bitonal HL, is the condition of catathesis
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which compresses the whole pitch range wherein following tones are
realized. A chain of catathesis is realized if there are more than one accent
in an intermediate phrase. The effect of catathesis, however, does not cross
over an intermediate phrase boundary which is generally characterized by
being strong, i.e., low F0-valued.3

(ii) In reference to the timing of triggering catathesis, Beckman and
Pierrehumbert agree with Poser that, judging from the fact that the L of an
accent, HL, is lower in FO than the boundary L which precedes the accent, the
compression of FO range starts within an accent, affecting the L tone of the
accent itself.

(iii) Beckman and Pierrehumbert also agree with Poser about the treatment
of catathesis as a register-shift, in which account what is lowered is not a
tone but the whole FO region in which tones are realized. Another more local
way of representing catathesis proposed by Pierrehumbert (1980) obtains
the transform value of each tone in relation to the preceding tone. In this
treatment, the value of tone is computed relative not to the FO region but to
the preceding tone. The computation will be carried out strictly in a one-
tone-to-one-tone fashion from left to right. The clumsiness of this treatment
arises, in the case of Tokyo Japanese, when, for example, a value of a phrasal
H is computed from a preceding tone, i.e., a boundary L which is subject to
weak (high FO valued)-strong (low FO valued) allophony.4 Because the value
of the phrasal H is independent of the allophony, it is required to have two
separate rules to compute the transform value of the phrasal H. Such
clumsiness does not occur with the register-shift account of catathesis

(Pierrehumbert and Beckman 1989: 140).
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In short, catathesis in Tokyo Japanese is defined as an iterative pitch
compression after each accent, operating strictly in the domain of an

intermediate phrase.

4.1.1 Kubozono's Claim

It is Kubozono (1985) who claims that there is a syntactic constraint
on the iterative application of catathesis, saying that “[catathesis] is
dependent on the syntactic structure of the whole phrase and does not apply

over any right-branching syntactic node" (Kubozono 1985: 77).

a)
Ja roono 1to kono o kusan
“Taro's cousin's wife.”
b) laroono wakareta o kusan
"Taro's divorced wife."
a) b)
Figure 4.3

Kubozono's stimuli for the left-branching NP (a) and for the right-branching
NP (b) as well as the corresponding schematic pitch contours.
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Showing schematic contours somewhat like the ones in Figure 4.3,
Kubozono says that in the contour (a) of the left-branching NP, FO peaks for
the second and the third words are both considerably lowered; however, in
the contour (b) of the right-branching NP, although the third peak is
substantially lower than the other two peaks, the second one is hardly
lowered. Despite that both phrases have the same accentual patterns, they

differ in the FO contours because of the syntactic configurations.  That is,

“the left-branching NP undergoes the process of downdrift as a whole,
while its right-branching counterpart shows a clear effect of the
process only within its innermost NP -.... the right-branching syntactic
node in right-branching NPs prevents the process of downdrift or, at
least, it weakens the effect of the prosodic process” (ibid; 77-78).

Obviously, Kubozono made his claim depending on a very limited size
of data, i.e., one set of contrasting phrases uttered ten times by just one
subject. The size of the data is definitely not large enough to substantiate
the claim. In the ensuing section, relying on a larger size of data, I will
examine whether syntactic tree configurations have anything to do with the

iterative application of catathesis.
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4.2 Experiment on the Correlation between Iterative Application of
Catathesis and Syntactic Trees
4.2.1 Design of the Stimuli

First, [ describe how the stimuli are designed in the experiment to
examine the issue: "Do left- and right-branching tree configurations have any
correlations with the iterative application of catathesis?” Because there are
only five subjects available for the experiment and because the principle of
one subject per case (i.e., non-repetition of a case by the same subject) is
respected, it is necessary to prepare quite a number of phrases in order to
amass a fair size of data. Table 4.1 lists the noun phrases of "modifier +

modifier + noun" used as stimuli.



103

Table 4.1
Stimuli for the experiment investigating the correlation between the

syntactic tree branchingness and the iterative application of catathesis.

[. Right-branching Noun Phrases:

A2 awa-no yabona ani-o “clumsy brother in Awa".

A3 minami-no awarena minari-o “Minami's pitiful appearance”.
B2 awa-no aji-no nabe-o “fish pot of Awa".

B3 arima-no awabi-no oiru-o “abalone oil from Arima".

C2 pabona awa-no ani-o “clumsy brother in Awa".

C3 awarena minami-no minars-o " pitiful Minami's appearance”.

I1. Left-branching Symmetrical Noun Phrases:

A2 yabona ani-no ono-o “clumsy brother's ax".

A'3 awarena minam/-no mrinar/-o Cpitiful Minami's appearance”.
B2 awa-no ani/-no ono-o “brother in Awa's ax".

B'3 arue-no awabi-no onedan-o  "Algerian abalone's price”.

C2 yaya moroi amado-o "somewhat fragile shutter".

C3 syvan/ manurui yamaurr-o " awkwardly warm wild-melon”.

I11. Left-branching Relative Clause Noun Phrases:
D2 em/i-no nuida bura-o “brassiere which Emi took off".

D3 minami-no nonda nomimono-o “drink which Minami had".

E2 engri-no yabona ani-o “brother whose play is clumsy".

E3 minari-no awarena mi/nam:/-o "Minami whose appearance is pitiful”.

F2 yabona engi-no ani-o "brother whose play is clumsy".

F3 awarena minari-no minams-o "Minami whose appearance is pitiful".
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First, as right-branching NPs, three types of NPs with slightly different

phrasal configurations are prepared. The differences are due to the types of

modifiers they take:

(A) (B)
NP NP
A
NP [Poss] NP NF[Poss] NP
Y / N\
AP N NF[Poss] N

(€)

NP
% v
7 N

NP[Poss] N

Next, for left-branching NPs, two different groups are prepared. One

group has the phrases whose syntactic trees are somewhat symmetrical to

the right—brénching trees of the above phrases3 in the sense that the

innermost NPs in the right-branching phrases are moved to the left.

(A") (B")
NP NP
[Poss] N NP[Poss] N

7N\

AP NlPoss] NF[Poss] N[Poss]

()
NP
/' \
AP N

!

ADP A

The other group is for left-branching relative clause NPs:

(D) (E)
NP NP\
S/ \ﬁ S/ N
/N 7 N
NP VP NP VP
[Verd]) [adj]

(F)
NP

AP N
[Copula]



105

One may wonder why it is necessary to have noun phrases with so
many different phrasal configurations. My answer is that if, as Kubozono
says, the difference between the left- and right-branchingness is the factor
affecting FO contours of noun phrases in the iterative application of
catathesis, the slight differences among the phrases should not matter
because they are, basically, either left-branching or right-branching noun
phrases. There should be a clear difference in contour patterns between the
two syntactic types of phrases if the branchingness is the real factor.

In Table 4.1, as will have been noticed, each tree has a pair of noun
phrases which differ in length. In the first member in a pair, each accent is
separated by two morae; eg., (A2) awa-no yabona ani-o and in the
second member in the pair, each accent is separated by three morae;6: eg.,
(A3) minami-no awarena minari-o. The aim of having for each tree a
pair of phrases which differ in the distance between accents is to examine
whether the timing differences in triggering catathesis play any role in
lowering a pitch range. For example, does a shorter distance between
accents condition a higher pitch compression ratio than a longer distance
does? If it is the case, then, it will be indicated that, besides catathesis, there
must be a downtrend which is sensitive to proximity of triggers. For
example, a FO contour in Figure 4.4 may suggest that, besides catathesis,
there might be an unreported downtrend by which the first accented item
severely compresses the FO contour of the following item when two accents

are as closely located as just one mora apart.
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Hz
3007
2507 /'\
.f‘_.‘-._\'-— . U
3 N / \
200 - mi
\ \\/ \__
1507
a o /I v m 7
Figure 4.4

A FO contour of an utterance of a207- v m/ "blue sea”, implying that there
might be, besides catathesis, a downtrend which is sensitive to the proximity
of the accent H's.

If there exists such a downtrend sensitive to the proximity of accents,
catathesis cannot account for the downtrend because catathesis is simply an
iterative process which compresses a FO range after each accent regardless
of its position so that a catathesis constant (compression ratio of FO range)
should not be affected by the proximity of triggers. If there are significant
FO lowering differences due to the differences in the distance between
accents, there must be an unreported downtrend. If, on the other hand, the
differences in the distance between accents has no significance in F0O
lowering, we will be assured that it is only catathesis which plays a
significant role in downtrend in the domain of the intermediate phrase.

The stimuli are set in a carrier sentence: S- wa NP-o m/ru, S sees
NP". As an attempt to break isochrony created by either two or three mora
apart accentual distributions, the items in the subject slot are constantly

changed with unaccented last names of different mora lengths; e.g., Ono,
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Yamada, Mivamoto, etc. These sentences are, then, treated as answers to

the questions which paraphrase the noun phrases in the answers: e.g.,

Honda- wa arima- meibutsu-no awabi-oiru-o mimasvka’
“Does Honda see the abalone oil, a speciality of Arima?”

(B31) Honda- wa arima-no a wabi-no oirv-o miru.

Honda sees the abalone('s) oil from Arima."

The device has two aims. First, as being old information, any item in the NPs
(which is underlined in the example) would not be narrow-focused. Second,
the question which paraphrase the NPs in the answers should help subjects
understand branchingness of the NPs clearly.

Lastly, I must mention that because the aim of the experiment is to
investigate the correlation between the iterative application of catathesis
which takes place in one intermediate phrase and the left- and right-
branchingness of syntactic trees, the subjects were requested to utter the
predicates (NP + V) of the answers with no insertion of a pause. Although
the request did not guarantee that the predicates would be uttered as a unit
without an intermediate boundary, any data which showed the insertion of
the boundary was eliminated from analyses. In other words, all the
predicates used for the analyses had the following prosodic tree of a single

intemediate phrase:
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/R
oo a
/T N\
[0 o A 6
€ /] 7 i \ oy
Eg.. (A21) awano yabona anfo miru

“(I) see the clumsy brother in Awa."

Having the above prosodic tree configuration for the utterances of the
predicates in the answers does not mean that they cannot have other
prosodic trees. However, there are two reasons why such long chains of
catathesis are generated. First, because there is no report of such long
catathesis chains in the literature, I would like to see whether it is possible
to produce, rélatively naturally, the chains of four catatheses. Secondly,
because the catathesized P4 values from the current stimuli will be needed
in the following experiment (4.3), not just the NPs, but the whole predicates

(NP + V) are realized as an intermediate phrase.

4.2.2 Catathesis Constants

To examine iterative applications of catathesis in noun phrases, two
types of catathesis constants are computed: a local catathesis constant and an
accumulative catathesis constant. A local catathesis ( ¢) constant indicates
how much each peak (actually, FO range where a peak is realized) is
compressed relative to the preceding peak. The following formula is used

for the computation:

C'(ﬁnew'f)/(ﬁold'f)
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This type of c-constants specifies the ratio of peak compression in relation
to the preceding peak.

Another type of c-constant is an accumulative ¢-constant which
indicates a compression ratio of a peak globally. That is, the compression
ratio of a peak is described in terms of an entire transform space so that an
accumulative c-constant makes it possible to see a relative prominence
relationship of a peak not only with the preceding peak but also with any
other peaks in the space. An accumulative c-constant of a peak can be
obtained by multiplying a local c-constant of a peak by a local ¢-constant of

the preceding peak. Or, it may be obtained by the following formula:

¢ accumulative = (Znew - r) / (A global - 1)

In the current analyses, £ global, Which is a FO value of a high-tone
line for an entire transform space, is set at 320 Hz and r (reference line) is
set at 120 Hz.

As an example, Table 4.2 demonstrates how local ¢-constants and
accumulative c¢-constants are computed for the peaks in the right-branching

NPs whose peaks (P1, P2, P3) as well as the V peak (P4) are two morae apart.
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Table 4.2

Computations of local and accumulative catathesis constants for the peaks in
the right-branching NPs whose peaks (P!, P2, P3) as well as the V peak (P4)
are two morae apart. FO values assigned to the peaks are means of 15
tokens.

Peaks F0 (£ gew-r)/ Local (8 pew-1)/ Accumulative
inHz  (Aod- r) c-constant (/4 giobat - r)  ¢-constant

Pl 303 Hz 303-120/320-120- 0.915  303-120/320-120- 0915
PZ 258 Hz 258-120/303-120- 0.754  258-120/320-120- 0.690
P3 236 Hz 236-120/258-120- 0.840  236-120/320-120- 0.580
P4 191 Hz 191-120/236-120- 0.612  191-120/320-120- 0.355

The results of computing the local and accumulative constants are
summarized in Figure 4.5 for the VP embedding the right-branching NPs; in
Figure 4.6 for the VP embedding the left-branching symmetrical NPs; and in
Figure 4.7 for the VP embedding the left-branching relative clause NPs. In
each figure, a table of the c-constants is accompanied by two schematic
pitch contours: one for the phrases in which each accent is two mora apart
and the other for the phrases whose accents are three morae apart. The
schematic pitch contours are obtained by linearly interpolating FO peaks and
valleys. Also, in the pitch contours, accumulative ¢-constants are

schematically approximated by numerals ranging from 1 to 4.
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VP

e
AN,

Pl
Accumulative (2) 0915 0.690 0.580 0.355
c-constants (3) 0.940 0.725 0.605 0.370°
Differences (0.025) (0.035) ~ (0.025) (0.015)
Local (2) 0915 0.754 0.840 0612
c-constants (3) 0.940 0771 0.834 0612

Hz1

100 +———r—————— ¢ 100 +——————7——
0 20 40 60 80 0 20 40 60 80
Erames (x 20msec) Frames(x 20msec)

Figure 4.5

A list of accumulative catathesis constants and local catathesis constants for
the VP embedding the right-braanching NPs Whose accents are two mora apart in
one member (2) and three mora apart in the other member (3). The value
differences in the accumulative ¢-constants between the two members are
specified in the parentheses. Accompanied schematic pitch contours are
drawn by linearly interpolating FO maximas and minimas whose FO values
are means of 15 tokens. The pitch contours on the left is for the VP
embedding the NPs in which each accent is two morae apart and the one on

the right is for the VP embedding the NPs in which each accent is three
morae apart.
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N

AN

Pl P p4

Accumulative (2) 0.860 0.655 0.635 0.350
c-constants (3) 0.895 0.625 0.625 0.350 -
Differnces (0.025) (0.030) (0.010) (0.000)
Local (2) 0.860 0.762 0.970 0.551
c-constants (3) 0.895 0.698 1.000 0.560
Hz

300 - Hz

200 -

100 7

% T LI ] LI | 100 - T T T — T T v
0 20 40 60 80 0 20 40 60 80
Erames (x 20msec) Frames (x 20msec)
Figure 4.6

A list of accumulative catathesis constants and local catathesis constants for
the VP embedding the left-branching symmetrical NPs whose accents are two
mora apart in one member (2) and three mora apart in the other member
(3). The value differences in the accumulative ¢-constants between the two
members are specified in the parentheses. Accompanied schematic pitch
contours are drawn by linearly interpolating FO maximas and minimas
whose FO values are means of 15 tokens. The pitch contours on the left is
for the VP embedding the NPs in which each accent is two morae apart and
the one on the right is for the VP embedding the NPs in which each accent is
three morae apart.
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\V

AN

pl P p4

Accumulative (2) 0.930 0615 0610 0.355
c-constants (3) 0.940 0.635 0.650 0.355
Differnces (0.010) (0.020) (0.040) (0.000)
Local (2) 0930 0611 0.999 0.591
c-constants (3) 0.940 0.675 1.023 0.542

Hz

m-

100 ey — 100 —
0 20 40 60 80 0 20 40 60 80
Erames (x 20msec) Erames (x 20msec)

Figure 4.7

A list of accumulative catathesis constants and local catathesis constants for
the VP embedding the left-branching relative clause NPs Whose accents are two
mora apart in one member (2) and three mora apart in the other member
(3). The value differences in the accumulative c-constants between the two
members are specified in the parentheses. Accompanied schematic pitch
contours are drawn by linearly interpolating FO maximas and minimas
whose FO values are means of 15 tokens. The pitch contours on the left is
for the VP embedding the NPs in which each accent is two morae apart and
the one on the right is for the VP embedding the NPs in which each accent is
three morae apart.
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42.3 Timing Differences in Triggering Catathesis

First, taking the accumulative c-constants in Figures 4.5, 4.6, and 4.7,
I will compare the phrases whose accents are two mora apart with the
phrases whose accents are three mora apart in order to examine whether
there are any systematic differences in the c-constant values due to the
distance differences between accents. The value differences in the
accumulative c-constants between the two members are indicated in
parentheses in each figure.

In each tree group, there are somewhat noticeable value differences in
the second and third peaks. However, except for the third peak (P3) of the
left-branching relative clause NPs (in Figure 4.7) which has the difference of |
0.040, the value differences of the accumulative c-constants between the
two members are only around 0.030 or less, which can be translated to,
merely, 6 Hz or less. The differences should be regarded as negligible.

There also seem to be no fixed patterns of the value differences except
that the c-constant values for the last V peak are almost identical in both
members. That is, the differences are 0.000, or null, in the VPs embedding
the left-branching symmetrical and left-branching relative clause NPs and
0.015 in the VP embedding the right-branching NPs. The fact that the
accumulative c-constant value difference for P4 between the two members
is almost identical across the three tree groups may imply that at the end of
utterances, there may be a fixed FO value at which the other downtrends,
i.e., declination and final lowering, aim to drop. Such overall downtrends
may affect the uniformity of the c-constants for the V peaks.

The fact that, in each tree group, there is no significant difference in
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accumulative c-constants between two members of the NPs which differ in
the distance between accents makes it possible to say that the distance
differences between accents do not contribute to the effect of catathesis. In
other words, there is no downtrend which is sensitive to proximity of
accents. If there is any severe pitch compression which looks like being
conditioned by the proximity of accents, as seen in Figure 4.4, it must be due
to other factor(s), possibly, narrow-focus. In ensuing analyses, I will

consolidate the data from both members of the NPs into one set of the data.

42.4 Right- and Left- branching Trees and Chains of Catathesis

Now, I would like to examine the iterative application of catathesis in
the right- and the left-branching NPs. First, the results of the experiment
encoded in the form of the local catathesis constants in Figures 4.5 show that
in the right-branching NPs, there is an iterative application of catathesis.
That is, in the right-branching NPs, P2 is compressed 75 - 77 % relative to P,
and P3is compressed 83 - 84 % relative to P2, Even P4 at the V node which
is the outside the domain of the NPs is affected by the chain of catathesis
and lowered 61 % relative to the preceding peak. Thus, among the three
peaks at the terminal nodes in the right-branching NPs as well as the peak at
the V node, there is a chain of four catatheses. That is, none of the syntactic
nodes functions as a constraint on the iterative application of catathesis.

The situation is different in the left-branching symmetrical NPs in
Figure 4.6 and the left-branching relative clause NPs in Figure 4.7 because
their third peak, P3, does not show any effect of catathesis. All the local c-

constant values for the peak are around 1.000, i.e, 0.970 and 1.000 for the
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left-branching symmetrical NPs and 0.999 and 1.023 for the left-branching

relative clause NPs. The c-constants clearly say that the third peak is not
compressed at all. Thus, it seems to be that, unlike in the right-branching
NPs, in the left-branching NPs, catathesis applies only within an innermost
NP, ie., between P! and P2, having a left-branching node (i.e., the NP node
immediately dominated by the VP node) as a constraint on the iterative
application of catathesis.

Thus, my results seem to be polar opposite to Kubozono's results. That
is, in Kubozono's study, there is an iterative application of catathesis in the
left-branching NP whereas in the right-branching NP, catathesis effect is
seen only in the innermost NP. In my study, it is in right-branching NPs
where an iterative application of catathesis is seen and in left-branching NPs,

catathesis effect is seen in the innermost NPs

425 Tree Overlays

Before comparing Kubozono's results with my results in detail, there is
one issue at which I would like to look briefly. As may be recalled, in the
setting of the stimuli (4.2.1), each syntactic tree group was provided with
three slightly different types of NPs. As the grouping of the NPs was
syntactic, there would be no guarantee that all three different phrasal types
in each group would not behave differently in terms of catathesis
applications. To examine whether all three types of the NPs in each group
have uniformity in catathesis contours, FO values of the third peak are
plotted against FO values of the second peak as a scatter graph. The reason

why, among the peaks, P2 and P3 are chosen is that, as far as my data are
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concerned, allophony of the catathesis contours can be judged as the peak-
to-peak relationship between P2 and P3. If all three phrasal types in a tree
group show the same catathesis contour, all the dots representing the
correlation between P2 and P3 should be well blended. If, however, one
phrasal type behave differently from other two types in catathesis contours,
the dots assigned to the phrasal type will become separated from the cluster

of the dots assigned to the other two phrasal types.
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Figure 4.8

FO value of the third peak (P3) plotted against that of the second peak (P2) in
three different phrasal types of the NPs all of which are right-branching.
The white squares are for the NPs of (A) "n#o-phrase + adjective + noun”.

The black diamonds are for the NPs of (B) “z#0o-phrase + no-phrase + noun’.
The black squares are for the NPs of (C) "adjective + no-phrase + noun’.

First, in the case of the right-branching NPs, as Figure 4.8 shows, all
the dots are well blended, having no cluster of dots for a specific phrasal
type. The scatter graph assures us that all three phrasal types in the right-

branching NP group have a single catathesis contour. In other words, any
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right-branching NPs have just one type of catathesis contour regardless of
the kinds of the modifiers they take.

Next, let us look at the scatter graph in Figure 4.9 which is for the left-
branching relative clause NPs. Although the dots in the graph are somewhat
wide-spread, it does not show any cluster of the dots which can be
attributed to a specific phrasal type, showing that in this tree group, too,
none of the phrasal type behave differently from each other as far as the

catathesis contour is concerned.

300

280 - %

=
-
.

N
(2]
o
PR |
a
o

P3 value (Hz)
N ~N
8 &

2004{a Of

4 +*

180

180 200 220 240 260 28'0 200

P2 value (Hz)
Figure 4.9
FO value of the third peak (P3) plotted against that of the second peak (P2) in
three different phrasal types of the left-branching relative clause NPs. The
white squares are for the NPs of (D ) "#0o-phrase + verb phrase + noun”. The

black diamonds are for the NPs of (E) “no-phrase + adjective + noun”. The
black squares are for the NPs of (F) "adjective + no-copula + noun’.
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Figure 4.10

FO value of the third peak (P3) plotted against that of the second peak (PZ) in
three different phrasal types of the left-branching symmetircal NPs. The
white squares are for the NPs of (A’) “adjective + no-phrase + noun”. The
black diamonds are for the NPs of (B') “z#0o-phrase + no-phrase + noun”. The
black squares are for the NPs of (C') “adverb + adjective + noun".

Of the left-branching symmetrical NP group, however, the scatter
graph in Figure 4.10 shows an isolated cluster of dots (identified by a circle)
which belong to the NPs with double zo-phrase modifiers. The P3 in the NPs
has much lower F0O values than those of the P3 of the other two phrasal
types. That is, in the NPs with double zo-phrase modifiers, P3 is
catathesized. Comparing the accumulative c-constants of this type of NPs
with those of the right-branching NPs in Table 4.3 makes it clear that,
despite being left-branching phrases in which the chain of catathesis seems
to be blocked between PZ and P3 (as far as my data are concerned, cf. Figure
4.6), the left-branching NPs with double zo-phrase modifiers show the same
chain of catathesis pattern as in the right-branching NPs. Thus, regardless of

its branchingness, in the case of the NPs with double zo-phrase modifiers,



120
there is only one catathesis pattern which is the same as the one for the

right-branching NPs.

Table 4.3

Comparison of the accumulative catathesis constants between those of the
VP embedding the left-branching NPs with double 20-modifiers and those
of the VP embedding the right-branching NPs.

Types Right-branching NPs Left-branching NPs with
double no-phrases

Mora Distance Two Mora Three Mora Two Mora Three Mora

between HL

Pl 0915 0.940 0.885 0.895S

p2 0.690 0.725 0.650 0.655

p3 0.580 0.605 0.565 0.565

p4 0.355 0.370 0.350 0.340
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426 Comparison with Kubozono's Results
Now, I would like to compare Kubozono's results with my results both

of which are schematically represented in Figure 4.11.

Kubozono's Results Miyamoto's Results

a)

la roono fto kono o kusan

b)

/}JVL\/X s

laroono wakareta o kusan

Figure 4.11

Schematic catathesis contours of the left-branching NPs and right-branching
NPs obtained from Kubozono's experiment’ and from my experiment.
Numerals assigned to the peaks are schematic representations of the pitch

compression ratios due to catathesis. The bouble-slash indicates the non-
propagation of the catathesis chain.

As the schematic representation of the contours and syntactic trees in
Figure 4.11 show, Kubozono' results and my results are not the same. In
regard to the pitch contours, the first question to ask is, “Why does
Kubozono's left-branching NP: (a) 77 roo- no ito ko - no o kusan have a down-

stepping 1-2-3 contour and why, in my case, is it not the left-branching NPs,
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(c), but the right-branching NPs, (d), which have the same 1-2-3 contour?"
Why is there such a polar opposite result? To provide an answer, [ must
depend on the earlier account on the NPs with double zo-phrase modifiers.
As we have seen in the previous section, the NPs with double no-phrase
modifiers have a down-stepping 1-2-3 contour regardless of their syntactic
tree branching. That is, both in the left-branching NPs, such as 7z reo-no
toko-no okusan "Taroo's cousin's wife” and in the right-branching NPs,
such as (B3) 4 rima- no a wabs- no oirv “abalone oil from Arima“, there will
be a chain of catathesis having the 1-2-3 down-stepping contour. Such NPs,
thus, cannot solely be used to examine the correlation between syntactic
branchingness and catathesis contours. It is, however, what Kubozono did.
Therefore, | would dismiss Kubozono's claim that in left-branching NPs, there
is a down-stepping contour, and adhere rather to my result which shows
that it is in the right-branching NPs, (d), where such a down-stepping 1-2-3
contour occurs due to a chain of catathesis.

Next, it is in Kubozono's right-branching NP: (b) 72 roo- no wakareta
oXusan "Taroo's divorced wife”, where a chain of catathesis seems to be
blocked between P! and PZ, creating a 1-1-3 contour. In my case, however,
such blocking is seen not in the right-branching NPs (d), but in the left-
branching NPs, (c), and it is between P2 and P3, creating a 1-2-2- contour.
Even if, as mentioned in the endnote (7), Kubozono's right-branching NP;
Taroo-no wakareta okusan, is treated as a left-branching NP, still it does
not provide the same contour as my left-branching NPs whose contour is not
1-1-3 but 1-2-2. Admittedly, I do not have sufficient data to dispute the

point. A reason, | can think of, why the phrase 72 r00- no wakareta okusan
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has a 1-1-3 contour is that Kubozono's subject constantly inserted an
intermediate phrase boundary after the initial modifier, blocking an iterative
application of catathesis between P! and P2. In other words, Kubozono's
phrase may have a prosodic tree representation on the left below, instead of

the prosodic tree on the right below:

(X,/l 0/1 \(X- o / :!(,
w / (D/ (L (I)/ w u\w

| | | I I \

JTaroono wakareta okusan Taroono wakareta okusan

AN
N\
|

Figure 4.12

Different prosodic tree renditions for the two utterances of the phrase, 7zroo
-no wakareta okusan'Taro's divorced wife”. In the left prosodic tree, the
utterance has two intermediate phrases whereas in the right prosodic tree,
the utterance has only one intermediate phrase.

If this is the case, | am comparing different pieces of information. The
issue here is the correlation between syntactic tree configurations and an
iterative application of catathesis which takes place strictly in a single
domain of an intermediate phrase. But Kubozono's contour of 7z roo-no
wakarela o kusan seems to be a result of /ntermediate phrasing involving
two intermediate phrases and seem not to be a result of iterative
applications of catathesis in an intermediate phrase. As briefly mentioned
earlier, there is no reason that one phrase has to have just one prosodic tree.

A phrase may have two or three or more prosodic trees, depending on how it
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is uttered or phrased. Because catathesis occurs exclusively in the domain of
one intermediate phrase and an intermediate phrase boundary prevents its
propagation, to discuss the issue of the relationship between a chain of
catathesis and syntactic tree configurations, any data which show the
insertion of an intermediate phrase boundary must be excluded from the
data analyses. If my speculation that Kubozono's pitch contour of the right-
branching NP is due to the insertion of intermediate L% between P! and P2 is
correct, his claim that "the right-branching syntactic node in right-branching
NPs prevents the process of downdrift" (Kubozono 1985: 78) loses ground.
Considering the size of my data in comparison to Kubozono's and the effort I
took to eliminate the data which had intermediate L%, I think, my results are

more convincing.

4.3 Additional Experiment
4.3.1 Blocking?

The fact that, in the previous experiment, the left-branching NPs have
a 1-2-2 contour where a chain of catathesis seems to be blocked between the
second accent H and the third accent H raises a question (cf. Figure 4.11).
That is, can a left-branching tree configuration really be regarded as a
constraint on the application of catathesis? There are two possibilities of
accounting for the 1-2-2 contour in the left-branching NPs. The first
argument is that an iterative application of catathesis is blocked between P2
and P3 due to the syntactic tree configuration. The second argument is that
an iterative application of catathesis takes place after each peak (accent H),

however, the effect of FO lowering after the PZ is obscured by other factor(s),
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primarily, the left-branching tree configuration.

In order to test which of these arguments is the more plausible one,
let us assume the following hypothesis tentatively:

The accent at the right node of a mutually c-commanding unit in an

NP does not participate in a chain of catathesis.

Left-branching NP in VP Right-branching NP in VP
VP VP
m( \ NP
/<.\ / /\.
pl p2 p3 Pt p! p2 P3 p4
[1 2 2 4) (Pitch Contour)| 1 2 3 4 |

Figure 4.13

Syntactic tree illustrations of a working hypothesis that the right-node
(marked by a small black circle) of a mutually c-commanding unit (ie., the
innermost phrase), in the NPs does not participate in the chain of catathesis.
The VP embedding the left-branching NP has a 1-2-2-4 pitch contour
whereas the VP embedding the right-branching NP has a 1-2-3-4 pitch
contour.

What is the reason of such a working hypothesis? We have already
looked at the fact that the left-branching NPs have a 1-2-2 pitch contour of
which P3 seems to be unaffected by catathesis. The fact motivates a
speculation that the right-node (marked by a small black circle in the above
tree) of a mutually c-commanding unit, i.e., the innermost phrase, in the NPs

does not participate in the chain of catathesis. Next, how can the working
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hypothesis be posited even for the right-branching NPs whose peaks as well
as the last V peak seem to be affected by the iterative application of
catathesis, as seen in Figure 4.5. My reasoning can be expressed in the

following manner.

Left-branching NP in VP Right-branching NP in VP
Pl p2 p3 p4 Pl pz2 Pp3 p4
Catathesis 1 2 Z 2 1 2 2 2
at P2
Catathesis ~ ---------------ooooe- 1 2 3 3
at P3
Catathesis 1 2 Z § = esmmeesesseeemans
at P4
Final Lowering | 2 2 4 1 2 3 4
at P4
Output 1 2 2 4 1 2 3 4
Figure 4.14

Hypothetical applications of catathesis and final lowering in the VP
embedding the left-branching NPs and in the right-branching NPs.

Judging from the accumulative catathesis constants listed in Figure
4.5, the VP embedding the right-branching NPs has 1-2-3-4 contour. We
must realized that it is not only catathesis but also other downtrends, i.e.,
declination and, especially, final lowering, play significant roles in
compressing the pitch contour near the end of the utterances. Now, consider

in a schematic manner, as shown in Figure 4.14, that catathesis is applied
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only on the P4 with the left-branching NPs but it is not applied on the P4
with the right-branching NPs. Then, the final lowering affects P4 values and
it lowers the P4 values by 1 in both VPs embedding the left- and right-
branching NPs. If catathesis were to be applied on P4 with the right-
branching NPs, the contour would be 1-2-3-5, instead of 1-2-3-4. This line
of reasoning makes it possible to posit the above working hypothesis even

for the VP embedding the right-branching NPs.

4.3.2 Hypothesis Test

In order to test the working hypothesis, what must be done is simple;
replace accented words at the test node8 with unaccented words and plot
the following peak? against the preceding peak!0. If the replacement of the
accented words, which are supposed to trigger catathesis, with the
unaccented words, which are not supposed to trigger catathesis, does not
affect the FO values of the following peak, there will be a scatter graph
where dots of both groups (i.e., a group of NPs whose test node has accented
words and a group of NPs whose test node has unaccented words) are
mingled together and somewhat on the same line, showing no effect of the
word replacements. Such a scatter graph tells us that the working
hypothesis is correct; that is, the accent at the test nodes is not participating
in the chain of catathesis. If, however, such replacements condition the FO
value differences in the following peak, that is, if the following peak is
higher when immediately preceded by an unaccented word than when
immediately preceded by an accented word, there will be a scatter graph

with two clusters of dots, one of which occupies a higher y-value region.
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Such a graph will, then, dismiss the working hypothesis and support the
alternative argument that a chain of catathesis takes place at each accent
regardless of syntactic configurations even thought the lowering effect of the
accent at the test node may be obscured.

The stimuli used for the experiment are listed in the Appendix for
comparison with those used in the previous experiment. Measurements are
taken from the utterances of the same five subjects, following exactly the
same procedure as in the previous experiment. The following are the

results.

4.3.3 Results
The Figure 4.15 shows a scatter graph for the VP embedding the
right-branching NPs. In the graph, FO values of P4 are plotted!! against FO

values of P2,
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Figure 4. 15

FO values of P4 plotted against FO values of P2 in the VP embedding the
right-branching NPs. White diamonds are those for the VPs whose accented
P3 is the right-node of the mutually c-commanding unit in the NPs. The
black diamonds are for the VP whose unaccented P3 is the right-node of the
mutually c-commanding unit in the NPs.
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An obvious point-occurring in the graph is that we are not getting
clear separation of two types of legends, as we have seen in Figure 4.2
because in the current case, other factors, especially, final lowering is
obscuring catathesis effect by P3. Though it must be the case, it is still
possible to see that the black diamonds for the VPs with the unaccented P3
occupy, in general, a higher y-value region than the white diamonds for the
VPs whose P3 is accented. The fact indicates that though the catathesis
effect by the P3 is obscured, the accent at the P3 does catathesize the P4.
Thus, the working hypothesis must be rejected by saying that in the case of
the right-branching NPs (immediatley dominated by VP), the accent at the
right-node of a mutually c-commanding unit participates in the chain of
catathesis.

Next, the scatter graph in Figure 4.16 is for the left-branching
symmetrical NPs to test whether the accent at the right node of the
innermost phrase participates in the chain of catathesis. Accented words at
the test node, P2, are replaced by unaccented words. The white diamonds
are for the NPs whose P2 is accented and the black diamonds are those for
the NPs whose P2 is unaccented. If the accent at PZ does not catathesize P3,
we expect that the replacement of accented words with unaccented words at
P2 will not make any difference in FO values of P3. The scatter graph,
however, seems to suggest otherwise. In the graph, although less clear than
the plots in Figure 4.15 , the black diamonds occupy a slightly higher y-value
region than the white ones, indicating that the replacement of accented P2
with unaccented P2 raised the FO values of P3. Or conversely, accented P2

lowers P3 even though the lowering effect is severely attenuated by other
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factor(s), mainly, the syntactic tree configuration of the NPs. Thus, in the

case of the left-branching symmetrical NPs, as well, the working hypothesis

must be rejected.

] LY ¥
'Y * *
Vp ,..280" ° f...
é ) * 00 R
260 - .
< ® o
8 1 ¢ &°0‘.0° P
240 *
e y 6 2°°
» ¢
2204 ,oz,
Pl Accented P3 — ¢
e toitieliccietbelaithad L ]
Unaccented ) 5
180 +—————+—T——T—"—r——T—T—r—r—TT——
200 250 300 250 400
P1 value (Hz)

Figure 4.16

FO values of P3 are plotted against FO values of P! for the left-branching
symmetrical NPs. The white diamonds are for the left-branching NPs whose
P2 js accented and the black diamonds are for the left-branching NPs whose
PZ is unaccented.

Lastly the same procedure as above is taken to test the working
hypothesis on the left-branching relative clause NPs. The result is shown in
Figure 4.17.

Here, it is difficult to tell that the black diamonds for the NPs whose P2
is unaccented occupy a higher y-value region than the white diamonds
which are for the NPs with accented P2. Only the regression lines help
discern the slight difference of the P3 versus P! relationships between the
two groups because the regression line for the NPs whose P2 is unaccented

runs above the one for the NPs whose P2 is accented. Although the FO
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lowering effect by the accented P2 is almost nullified by the syntactic tree
configuration of the NPs to the extent that catathesis appeared to be totally
blocked, the plot still supports the argument that there is no blocking of

catathesis between the accented P2 and P3.

VP

Pl Accented P3
Unaccented

250 200
P1 value (Hz)

Figure 4.17

FO values of P3 plotted against FO values of P! for the left-branching relative
clause NPs. The white dots are for the NPs whose P2 is accented and the
black dots are for the NPs whose P2 is unaccented.

Although I feel that further tests will be needed in the case of
relative clause NPs to reject the working hypothesis, judging from the
results from two previous scatter plots and from the slight negation
obtained from the current plot, I have no choice other than to withdraw
the working hypothesis. [ would, then, say that in the domain of an
intermediate phrase, whenever there is an accent, catathesis must take
place even though there are cases where the catathesis effect is severely
attenuated by other factors to the extent that the attenuation gives an

impression that catathesis is blocked.
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44 Summary

The following is a summary of the results from the first experiment:
(i) With a series of accented items, the chains of up to four catatheses were
created to demonstrate that iterative applications of catathesis take place as
long as there is no insertion of an intermediate boundary.
(ii) Two sets of stimuli are set up to test whether or not distance differences
between accents contribute to pitch compression differences. It was proved
that the distance differences between accents do not contribute to the FO
lowering effect. That is, the pitch compression ratio due to catathesis is not
affected by the timing differences in triggering catathesis.
(iii) In regard to testing the correlation between left- and right-branching
syntactic trees and catathesis, except for the case of the NPs with double zo-
phrase modifiers, there is a clear difference in catathesis contours between
the right-branching NPs and the left-branching NPs of “modifier + modifier +
noun”. That is, the right-branching NPs have a downstepping 1-2-3 contour
whereas the left-branching NPs have a 1-2-2 contour where a chain of
catathesis seems to be blocked between the second accent H and the third
accent H.
(iv) If, however, both modifiers are no-phrases in the NPs of "modifier +
modifier + noun”, the NPs will have a down-stepping 1-2-3 contour
regardless of being left-branching or right-branching in their syntactic
configurations.

The second experiment, then, proved that there is no such
phenomenon called blocking of catathesis. As long as there is no

intervention of an intermediate phrase boundary, catathesis effect
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propagates. That is, whenever there is an accent, catathesis must take place
even though there are cases where the catathesis effect is severely
attenuated by other factors to the extent that the attenuation gives an
impression that catathesis is blocked.

Although the issue in this chapter had a strong flavour of a basic
study and seemed to have little involvement in the development of the
algorithmic phrasing and pitch contour model for speech synthesis, the
findings made in the chapter are not only theoretical but practical in that
they can easily be implemented on such a model to better approximate to

natural pitch contours.

Endnotes

I The issue in this chapter has a strong flavour of a basic study and has no direct
involvement in the development of the algorithmic phrasing and pitch contour model.
However, findings made in this chapter can easily be implemented onto such a model to
approximate to natural pitch contours.

2The symbol, " ! " indicates lowering effect of tone due to a tonal assimilation.

3 Pierrehumbert and Beckman (1989) report allophony of intermediate phrase
boundary. That is, if the boundary is preceded by an accent, HL, its F0 value is far
lower than when it is preceded by a phrasal H.

4 The F0 value of a boundary L is low when it is preceded by an accent and it is high
when it is not peceded by an acent.

5 There is no well-formed left-branching tree which is symmetrical to the tree of the
phrase, (C). So, to retain some symmetricality, the innermost AP's configuration is
changed to the AP dom<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>