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ABSTRACT

Supervisor: Professor Henry J. Warkentyne

Pitch declination involves a progressive lowering of
pitch and a narrowing of pitch range over tﬁe length of
utterance in speech. Because this pattern is attested in a
great number of diverse languages, it has been proposed as a
universal feature of intonation. The present study was
undertaken to discover if pitch declination is a feature of

the intonation of Japanese.

Previous, non-acoustic, studies of Japanese have
suggested that pitch does tend to decline in 1longer phrases
in the language. Using a method similar to that employed by
Sorensen and Cooper (1980, 1981) in their work on pitch
declination in English, an acoustic analysis of neutral
declarative sentences spoken by native speakers was carried
out. After extracting the fundamental frequency (F0)
contours of the utterances, the F0 peaks associated with the
lexical items in each sentence were identified and compared.
It was found that the fundamental frequency of these peaks
tends to decrease over the length of the sentence. Japanese
and English are similar in this respect. The tendency of
pitch to decline over the course of the shorter sentences in
the data was strong; longer sentences tended to contain a
pitch rise somewhere within them. On either side of the

rise, pitch declined from peak to peak. This suggests that
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the domain of pitch declination is shorter in Japanese than
it 1is 1in English as described by Sorensen and Cooper.
Longer sentences are broken up into two (or more)
'intonation phrases' each of which is characterized by
declining pitch. These intonation phrases do not seem to
bear any necessary relationship to the syntactic structure
of the sentences. The acoustic-phonetic data presented here
provide a better basis for the description of the behaviour
of pitch in Japanese utterances than do the auditory

analyses on which previous studies have been based.

Professor Henry J. Warkentyne

Profesgor Gunter H. Schaarschmidt

Professor Thomas E. Hukari
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Chapter T

INTRODUCTION

This study has two objectives. On the basis of instru-
mental measurement of the pitch contours of a corpus of
Japanese sentences, it undertakes tc formulate a linguistic
analysis of some aspects of the intonation of Japanese. it
also attempts to show that the intonation of Japanese sen-
tences can best be described in terms of a pitch pattern
which has wide currency in the world's languages. Pitch
declination, also known variously as downdrift, downstep and
the declination effect, refers to a gradual lowering of
pitch and a narrowing of pitch range from the beginning to
the end of an utterance (Pierrehumbert 1980:116). This pat-
tern has been found in languages as diverse as Dutch (Cohen
and 't Hart 1967), Danish (Thorsen 1980), Serbo-Croatian
(Lehiste and Tvié 1978), French, Finnish and English
(Pierrehumbert 1980). In some of the tone languages of
Africa, pitch declination is so marked that High tones near
the end of a sentence can actually be phonetically lcwver
than Low tones near the beginning (Gleason 1961:298). It
has been suggested that pitch declination is sc widespread
as to constitute a universal feature of intonation, and

hence, of language (Bolinger 1964). If it can be shown that
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pitch declination is the <characteristic unmarked intonation
pattern for Japenese, this will 1lend strength to the claim
for its universality.

The analysis of Japanese intonation presented in this
thesis is based on acoustic-phonetic data obtained through
instrumental measurement of the <fundamental frequency cont-

ours of neutral declarative sentences produced by native

speakers of standard collogquial Japanese. Fundamental fre-
quency (F0) is the primary acoustic correlate of pitch?
{Lehiste 1970:54). Intonation is a term whose definition

ranges from the very broad--Intonation 3is the melody of
speech--to the narrow-- Intonation is systematic variation
in the fundamental freguency c¢f speech which cannot be
accounted for in terms of the word level phenomena of tone
or accent alone and which is not the result of segmental
phonetic factors. 1In later sections of this thesis we shall
discuss the form, function and domain of pitch declination
as an 1intonational feature of language and of Japanese in
particular. For these purposes, the narrow definition of
intonation above is the more relevant.

Japanese lexical items are defined in part by a pattern
of High and low +tones derived from accentual information
contained in the lexicon. In order to understand how High

and Low tones are mapped onto actual fundamental freguency

1 The terms pitch and fundamental frequency can and shculd
be distinguished in certain contexts, but, in general,
they can be used interchangeably with each implying the
other and they will be so used here.
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values in speech, we must be able to separate the F0O varia-
tions in the acoustic signal which are the consequence of
word level accent from the variations which are due to into-
nation. The identification of intonational pitch patterns
is as essential to the hearer as it is to the linguist who
is trying to model the production/perception processes
involved in the coding/decoding cf tcnal features.

Consider for a moment tke task of the hearer in recover-
ing tonal values from the acoustic speech signal, primarily
from fundamental frequency. In a language which 1lacked
intonation, the recovery of tonal values, whether resulting
from tone or word accent, would be a relatively simple task.
There would be some localized variation in fundamental fre-
quency due to segmental effects, but tonal values could be
coded in a one to one relationship with clearly delineated
pitch ranges. The phonological description of the tcnal
features of such a language would guite closely match the
phonetic description of actual utterances. Categorical dis-
tinctions between accented and unaccented syllables realized
as a seguence of High anrd lLow tones would be matched in
speech by fundamental frequency values occupying the upper
and lower portions of the total pitch range of the speaker.
If prominence or sentence accent were present in the lan-
guagde, a three-way distinction in tonal values could be
used, High and Low for word accent, Extra-High for prcmi-

nence. The speaker's pitch range would then be simply
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divided into three subranges corresponding to the three
tones, one-third to each. In a language with no intonation,
many more categorical distinctions in tone or accent, and
rather fine nuances of prominence relations could easily be
coded into FO0; the human ear is after all a very sensitive
instrument and the brain is capable of very fine discrimina-
tions in pitch (on the order of rlus or minus 1 Hertz,
Lehiste 1970). linguists studying tone languages have
found, however, that the number of categorical distinctions
utilized in even the most elaborate tcone systems represents
a tiny fraction of the number possilble in terms of the human
capacity for distinguishing among vocal pitch values
(Anderson 1978:146). The reason for this is obvious: 1lan-
guages make use of pitch for other than tonal distinctions.
All languages have intonation and to borrow
Pierrehumbert's (1980:117) analogy, intonation has the
effect of continuously verying the graph paper on which ton-
al values are mapped as fundamental frequency. Under this
coniition, it is easy to see that the hearer's capacity for
recovering a large number of tcnal distinctions from funda-
mental frequency is considerably reduced. If intonation
were entirely random (which, of course, it is not) then the
task of the hearer in recovering tcnal values would be an
almost impossible one. Only to the extent that intonation
is systematic, that it consists of recognizable patterns

which can be factored out by the hearer, can tonal values
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and prominence relations ke recovered from the stream of
speech. Pitch declination is one of the more common of
these patterns. In Chapter 2, the possible physiological
basis for the prevalence of this pattern will be explored.
Chapter 3 consists of a discussion of the linguistic role
that pitch declination might play in language and its rela-
tionship with syntax. Our understanding of this relation-
ship is bound up with the question of what the domain of
pitch declination is, and given its domain, what its form
is. These three aspects of the phencmenon, its form, its
domain and its function must be kert in mind as we look at
the non-acoustic and acoustic evidence (in Chapters 4 and 5)
for pitch declination being the basic intonation pattern of

Japanese.




Chapter II

THE PHYSIOLOGICAL BASTIS FQR PITCH DECLIEATION

2.1 PHYSIOLOGY AND UEIVERSALITY

In his discussion of intonation as a universal of human
language, Bolinger (1964) rightly states that for intonation
to be considered as universal there must be meaningful uses
of pitch that are so widely shared as to suggest a ccmmon
origin. ‘'Common origin' might refer to 'a single primordial
language or a common denominator in human nature that could
give rise to similarities [p 833].' While any evidence for a
single primordial 1language is probably impossibly obscured
by the passage of time, ‘'human nature' (and by this we take
Bolinger to mean the underlying physiological and psycholo-
gical characteristics of +the organism) is more open to
investigation.

What physiological and psychological explanations can be
found for the pattern of pitch declination? Bolinger sug-
gests that 'the only indefectibly universal aspect of funda-
mental pitch is its association with the muscular tension of
the whole organism [p 843].' Rises in pitch are associated
with increased tension, as for instance at the beginning of
utterances, and falls in pitch with relaxation both physiol-

ogical and psychological, as at the end cf utterances. When
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rises and falls in pitch are used intonationally in language
they involve a 'simulation' of tension and relaxation wtich
serves a linguistic purpose. The idea that pitch patterns
in language involve simulation of actual psychophysiological
states of tension/relaxation removes the necessity for us to
find pitch patterns which are ccmrletely alike in detail
across languages--languages may differ in the way they
exploit the tension/relaxation dichoctomy. Whatever the psy-
chephysical basis we might claim for intonation it is the
way that it is used linguistically in languages that is our
concern; if we can find widespread patterns which have plau-

sible physiological explanations so much the better.

2.2 THE ARCHETYPAL NORMAL BREATH GRODP

Lieberman (1967, 1980) proposes that pitch declination is
fundamentally related to the human breathing cycle. Speech
is accomplished during the expiratory phase of the cycle:
air flows out of the lungs through the glottis and phonation
is a conseguence of thke opening and clecsing of the glcttis
under conditions of positive air flow from the lungs. The
fundamental frequency of phonation is directly prorortional,

ceteris paribus, to subglottal air pressure. In the absence

of counteracting articulatory gestures such as increased
tension in the vocal cords, as subglottal air pressure gra-
dually falls during expiration the fundamental frequency of

phonation also falls. Appealing tc the principle of least
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articul;tory effort, Lieberman maintains that in the 'arche-
typal normal kreath-group', which rcughly corresponds to the
speech uttered during a single expiration, the vocal cords
will be held at the same tension throughout the entire expi-
ration and thus the normal breath-group will be character-
ized by a fall in pitch attriltutable to the falling
subglottal pressure. Lieberman allows, however, that the
acoustic pattern which is to be associated with the *normal
breath-group' can be the result of other articulatory ges-
tures on the part of the speaker. 1In particular the speaker
can relax the vocal cords while maintaining a relatively
constant subglottal pressure. Still, Lieberman claims that
hearers 'perceive intonational signals as though they had
been produced by means of the primary or archetypal articu-
latory gestures [ 1967:27].' These gestures are the ones that
human infants utilize in their cries. Infant cries are
characterized by a rapid increase 1in subglottal pressure
initially and then a gradual fall towards the end. The
pitch contour of these cries closely follows the subglottal
air pressure contour. The innate referential breath-group
of the infant thus 'furnishes the basis for the universal
acoustic properties of the normal breath-group that is used
to segment speech into sentences in =0 many languages
[ 1967342 ).

Ohala (1978) cites evidence that pitch declination carnot

be attributed simply to falling subglottal pressure during
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expiration. He observes that the magnitude of pitch decli-
nation as it is found in speech, 'usually exceeds what cculd
be accounted for by [subglottal pressure] variation [p 32].°
Ohala believes instead that the effect is due to active lar-
yngeally caused changes in vocal cord tension. Iieberman
allowed that speakers could use different sets of articula-
tory gestures (including changes in vocal cord tension) to
simulate the archetypal pattern characterized by falling
subglottal pressure and decline in ritch. We can speculate
that what begins as an innate physiolcgically determined
pattern in the cries of infants is exploited linguistically
and by means of other articulatory gestures in adult lan-

guages.

2.3 THE PERCEPTUAL CORSEQUENCES OF PITCH DECLINATICHN

Wwhatever the physiological basis for pitch declination,
if any, there is some evidence that it has a perceptual
consequence. In experiments reported by Pierrehumkert
(1979), English-speaking subijects were asked to judge which
of two stressed syllables in a nonsense utterance was higher
in pitch. It was found that in making this judgement, the
subjects corrected for an expected declination in pitch.
They judged the two peaks to be egqual even though the second
peak was actually lower in pitch than the first. The sub-
jects' perceptions were also affected by the overall pitch

range of the sample and by the length of the utterance.
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This suggests that there is a normalizing process involved
in the perceétion bf pitch in utterances. A peak does not
have to ke as high later in a sentence in order to express a
given degree of prominence since the hearer corrects fcr a
certain decline in pitch based on the overall pitch range
and length of the utterance. Pierrechumbert later applied a
formulation of the declination effect to the synthesis of
neutral English declarative intomnation with very good

results (Pierrehumbert 1981).



Chapter III

THE LINGOISTIC ROLE OF PITCH DECLINATION

3.1 THE PHRASING FUNCTICE

All the research discussed above focussed on the possible
physiological mechanism(s) responsible for pitch declination
and on its perceptual consequences. What linguistic role
does pitch declination play in 1language? In dismissing
Lieberman's «claim that pitch declimation 1is an automatic
feature of speech, Ohala states that even if pitch declina-
tion were not purposeful to start cut with, speakers would
soon enough make it so since it is so useful in signalling
clause and sentence boundaries (Ohala 1978:32). It seems
likely that intonation's primary linguistic function is in
signalling the organization of wutterances into phrases,
clauses, sentences, and the like. Intcnation not only marks
the boundaries between phrases, clauses, etc., it also sig-
nals to what extent the phrases are related to each other
and what element within the phrase is the center of atten-
tion (Gardiner 1977, cited in lLadd 1980: 163). Pitch decli-
nation would te a useful mechanism whereby intonation could
perform this phrasing function. If the phrases of a lan-
guage were characterized by a gradual decline in pitch,

breaks in the line of declination would signal the presence

- 11 -
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of a boundary between phrases. Pause, the other primary cue
to phrasing, can be dispensed with to the extent that the
intonation pattern which characterizes phrases is recognized

by the hearer (Bolinger 1978).

3.2 PITCH DECLINATIOR AND SYNTAX

Sorensen and Cooper (1980,Cooper and Sorensen 1977)
investigated the relationship between pitch declination
{(which they refer to as FO declinaticn) and syntactic boun-
daries in English. They formulate a pitch declination rule
(the Topline Rule) which predicts the pitch of intermediate
FO peaks given their location in the sentence and the pitch
of the first and last peaks.2?2 Their Topline Rule (1980)
applies to utterances characterized by a single 1line of FO
declination; it _predicts the pitch values of intermediate
peaks with an accuracy of better than plus or minus 5%
(Sorenson and Cooper 1980:415). Sorensen and Cooper found
that, while the FO of the final peak was almost invariant,
the value of the first peak and consequently the slope of
the 1ine of FO declination depended cn the length of the
utterance; the initial peak was higher in longer utterances.

This suggests that a certain amount of preplanning on the

2 Not all the FO0 peaks in the utterance are on the Topline.
On a graph of time versus fundamental fregquency, the
Topline is a 1line whose reference points are the last FO
peak in the utterance and a 'key roint' which occurs half-
way between the first and last peak on the frequency axis
and one quarter of the way between the first and last peak
on the time axis. The first peak, therefore, is not on
but above the Topline. (Sorensen and Cooper 1980:410)
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part of the speaker is necessary for the coding of fundamen-
tal frequency contours in speech. Having discovered the
form which FO declination takes in English, Sorensen and
Cooper address the issue of whether the domain of F0O decli-
nation is syntactically defined.

In a sentence consisting of more than one clause there
are a number of ways in which pitch declination could be
manifested. 18 ;e refer to the dcrain of F0 declination as
the 'intonation phrase', 1leaving unspecified the possible
syntactic characteristics of such a phrase, a sentence con-
taining more than one clause could ccnstitute a single into-
nation rhrase or be made up of twec or more intonation
phrases.3 If all the intermediate FO peaks of a sentence
fall on a line of declination defined by the Torline FKule
with reference to the first and last peaks in the sentence,

then the sentence must constitute a single intonation

rhrase. If each clause in the sentence is an intconation
phrase, i.e. if the syntactic dcmain of FO declination is
the clause, then each clause would be characterized by a

line of declination defined with reference to the first and
last peaks 1in each clause. If the clauses are of egual
length and the clause-initial and clause-final FO peaks of

each are at the same frequency, the slope of the lines of

3 A commcn English example of the difference might te
a) We'll go on a picnic tcmorrow if the weather holds out.
by If the weather holds out, we'll go on a picnic tomorrow.
The a) sentence is often only ore intonation phrase while
the b) sentence will often have an intonaticn phrase koun-
dary after 'holds out!'.
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declination should be identical. This situation would
involve a complete resetting of FO0 declination at the clause
boundary. Partial resetting might also be possible. Under
conditicns of partial resetting, each clause would be char-
acterized by FO declination, but the initial FO peaks and
the slope of the lines of declination would nct be the same.
In utterances made up of more than one intonation phrase,
relationships among the phrases could be signalled by the
amount of resetting of FO declinaticn at the toundaries.

In their analysis of fall-rise [fitch patterns at syntac-
tic boundaries, Cooper and Sorensen (1977) found that there
were significant differences in these patterns derending on
the type of syntactic boundary. The sites for the peak and
valley measurements which defined the fall-rise pattern were
carefully matched for phonetic content.4 They found that the
fall-rise pattern from the last peak 1in the first clause to
the initial peak of the second was more proncunced across a
main clause-main clause boundary than across a main clause-
embedded clause boundary. The data did not support a
hypothesis c¢f complete resetting of the declination function

in either case since the initial peaks in the first clause

4 Example (Cocoper and Sorensen 1977:€85)

a) Anthony was surprised and Raymcnd became upset.
(Main clause-main clause)

b) Anthony was surprised Andrea became upset.
(Main clause-embedded clause)

The underscored syllables contained the FO peaks.
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were consistently higher than the initial peaks of the
second clause. Coocper and Soremnsen do not rule out the pos-
sibility of partial resetting but their experiment did not
test for it. They do conclude, c¢n the basis of this and
other experiments, that the magnitude of the fall-rise pat-
terns at syntactic boundaries, whether they involve purely
local effects or (partial) declination resetting, should
provide a good measure of boundary strength (Sorensen and
Cooper 1980:425).

The fact that (partial) declination resetting may occur
at syntactic toundaries does mnot necessarily imply that
intonation phrases have a syntactic domain. Much as pauses
occur other than at syntactic constituent boundaries so are
intonation phrases not necessarily co-extensive with syntac-
tic units. Intonation and syntax perform separate func-
tions. Intcnation has to do with the organization of
utterances, syntax with the organization of sentences; into-
nation performs a communicative, syntax a grammatical func-
tion fcfs Danes 1960). It is true that utterances are coften
sentences, and so we might speak cf a 'sentence' intonation;
itis true that intonation fthrases are sometimes co-
extensive with clauses, but the communicative function fper-
formed by intonation might demand otherwise and so
intonation phrase boundaries may occur anywhere in an
utterance--an intonation phrase may constitute part of a

sentence or, less often, more than one sentence may be
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included in a single intonation phrase. Gardiner (1980:14)
puts the situation most clearly:
...1t cannot be said that there is any necessary
relation hetween the rules c¢f syntax or grammar
and the structure {rules) of intonation...whatever
[the intcnation marks] as separate phrases are
separate phrases, no matter whether the words are
organized in syntactically well-formed phrases [or
not .
Of course clauses and such can be communicative wunits as
well as syntactic ones and thus they can be marked ky phrase
intonation and be bounded by intonation phrase boundaries.
As to intonation being a good predictor of =syntactic
boundary strength, recall that one of the functions of into-
nation is to indicate the relaticnship between phrases in an
utterance. An intonation phrase is identified by a recogni-
zable pitch contour--the relaticnshiy among intomation
phrases can be indicated by the relative rpitch level of
these contours. Under these circumstances, there may very
well be some correlation between the strength of syntactic
boundaries and the 'strength' o¢f intonation phrase boundar-
ies which co-occur with then. 'Strength of intcnation
phrase boundary' should be interpreted as being a reflex of
the preminence relations between intonation phrases.
Sorensen and Cooper found that the magnitude of a fall-rise
pattern in FO at a main clause-main clause boundary was
greater than at a main clause-embedded clause boundary. i

each clause were an intonation phrase we might see this cor-

relation as an indication of the relative prcminence cf the
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two phrases: two main clauses may be mcre equal in promi-
nence while an embedded clause may tend to take less promi-
nence.

Sorensen and Cooper's main ccntribution +to our wunder-
standing of pitch declination is their specificaticn of the
form of FO declination in English. Their method of compar-
ing FO peaks will be applied to the Japanese sentences under
analysis in Chapter 5. As we shall see, intonation phrases
in Japanese do not have a syntactic domain, they are not
determined by the syntax. Intonation phrase boundaries in
Japanese often delineate phrases which have no definable
syntactic organization, a finding ccnsistent with Gardiner's
view reported above. In addition, there is scome evidence
that prominence relations among Japanese phrases are sig-

nalled by the degree of'pitch change at rhrase boundaries.




Chapter IV
NON-ACOUSTIC EVIDENRCE FOR PITCH DECLINATION IN
JAPANESE

Before proceeding to the instrumental analysis which is
at the heart of this study, it will be worthwhile to review
the literature on pitch and accent in Japanese. Most of the
authors of the studies reported below did not have access to
acoustic-phonetic information about the behaviour of pitch
in Japanese utterances; the studies were based on auditory
impression. We know from Pierrehumbert's experiments that
there is a normalizing process which is involved in the per-
ception of pitch in speech--the hearer ‘'corrects' for an
expected decline in pitch. It would not be surprizing then
if we failed +to find evidence for pitch declinaticn in the
non-acoustic literature. Certainly, with the exception of
Haraguchi (1977), we £find no explicit reference to it.
There are, however, many indicaticns in this body of work
that something like pitch declination does exist in

Japanese.
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4.1 THE JAPANESE PITCH-ACCENT SYSTEM

—_—_——_— e,

Since intonation and accent both contribute to the ulti-
mate pitch patterns of Japanese utterances, it is essential
that we be able to account for the pitch variations which
are the result of accent alone. The domain of accent seems
to be 'what McCawley (1968) calls the 'minor rphrase'. A
minor phrase is relatively short and consists typically of
one content word plus its encliticized postpositions, if
any. Sometimes minor phrases involve compounds which in
many cases have resisted elegant analysis (McCawley
1968:130). By and large, however, the accent patterns of
minor phrases can be accounted for by a few fairly simple
rules.

Every minor phrase in Japanese has a characteristic pitch
pattern which 1is derived from its accentuation. A minor
rhrase contains at most one accent which is signalled Lky a
precipitous fall in pitch after the first moraS of the
accented syllable. When lexically accented forms are com-
bined in minor phrases there are accent manipulation rtules
which, among other things, ensure that all accents but one

will be suppressed. Pitch assignment rules,® which ofperate

S Morae are the rthythmic units of Jaranese. McCavwley
(1978:114) , somewhat facetiously, suggests that a mora is
something a long syllable has two of while a short sylla-
ble has only one. The morae c¢f Jaranese can be a single
vowel, a consonant plus a vowel, or a consonant plus /y/
plus a vowel, a syllabic nasal, or a non-nasal syllable
final consonant (Jorden 1955:3fn). Thus Tokyo /tookyoo/
has two syllables but four morae. Y iy

6 It would prokably be better to call them tone assignment
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after all accent manipulation rules have applied, will
assign High and low pitches to the morae of the minor phras-
es in the following way. All morae ufp to and including the
first mora of thekaccented syllable will be High and every-
thing thereafter will be Low except that the first mora of
the phrase will be Low unless it 1is itself accented
{(McCawley 1968:137). / Unaccented minor yphrases will there-
fore have a low first mora followed by a segquence of Higﬁ
morae up to the end of the phrase.

In isclaticn, minor phrases have pitch patterns which are
maximally determined by the tones assigned tc their constit-
uent morae. There will be a rise in pitch from the first to
second morae of the phrase if the first syllable is not
accented; there will be a precipitcus fall in pitch after
the first mora of the accented syllable. Consider the fol-
lowing otherwise homophonous forms (the * marks the accented

syllable):

ha* si ga 'chopsticks + Subj marker!
hg si* ga '‘bridge + Subj marker!
ha si ga '‘edge + Subj marker'

The first mincr rhrase is accented on the first syllakle and
so will have the tonal pattern High-Low-Llow. The second is

accented on the second syllable and so will have the pattern

rules since intonation will contribute to the wultimate
realization of pitch in utterances.
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Low-High-Low. The third is unaccented and so will héve the
pattern Low-High-High. The Subject marker ga is lexically
unaccented and receives its tone on the basis of the accent
of hasi. Without the ga, the second and third minor phrases
above are homophonous in all respects. Except for the fact
that McCawley makes no reference to intonational effects on
pitch assignment and so assigns pitches to morae on the
basis of accent pattern alone his description of the accent
patterns of minor phrases is adequate and is supported in
the main by acoustic studies of Japanese pitch-accent such

as Weitzman's (1970).

4.2 PITCH IN LONGER UTTERANCES

McCawley finds it necessary to revise his rules somewhat
because 'there are actually two kinds of phrase, "major
phrases" and "minor phrases" [137].' Each of the sentences
in Appéndix D, for example, are major phrases made up of
three minor phrases. It is in McCawley's discussion of the
pitch shape of major phrases? that we find an indication
that pitch declination might "apply to utﬁerances in
Japanese. McCawley notes that when minor phrases combine
into major phrases only the first minor phrase will contain

7 Weitzman's acoustic study of word accent in Japanese
reveals in fact that pitch declines within minor phrases
(when thev are uttered in isolation), such that sequences
of Highs in minor phrases are realized with gradually
declining pitch. The sequence Low-High-Low is distin-
quished from the sequence Low-High-High by a precipitous
fall in pitch between the second and third morae (Weitzman
1970) .
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high pitches,‘ 'subsequent minor phrases will cnly go up to
mid pitch [1387]'. This decline in pitch could perhaps be
seen to be a consequence of pitch declination except that
McCawley explicitly states that the mid pitch cccurs on the
second and subsequent minor fhrases im a major phrase.
Assuming that the non-low pitches in non-initial @minor
phrases do not differ from each other in the way that the
first and second do, i.e. the mid pitches are similar, {an
assumption that we <cannot help wmaking given MNcCawley's
description) then pitch declination cannot be the reascn for
this phencmenon. If pitch declination were operating then
the non-low pitches should continue to decline throughout
the major phrase.

McCawley uses a cyclic® accent reduction rule to account
for the appearance of mid pitches in non-initial minor
phrases. In his formulation, the rule applies first to
minor phrases, reducing all accents but the leftmcst, and
then to major phrases, again reducing all accents but the
first. His pitch assignment rules then assign pitches on
the basis of the strength of the accents--only sequences of
morae preceding a primary accent (the leftmost in the
phrase) are assigned high pitch. (The very first mora will

be low if it is unaccented.) All seccndary accents in the

8 shibatani (1972) criticizes McCawley's use of cyclic rules
in acccunting for the behaviour of pitch in major phrases
without however questioning his description of the data.
Whatever criticisms we might have of McCawley's descrip-
tion will apply equally well tc Shibatani's.
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Fhrase and pitch level 3 to those of the second.® So far
this agrees with McCawley's description above. In addition,
however, Jorden allows that there are higher and lower 'al-
ternants' within each pitch level and states that:

in any given pause group [corresponding to

McCawley's major phrase], the first segquence of

one or more syllables to be characterized by a

given pitch level usually has the highest alter-

nant of that level, and each successive segquence

has a slightly lower alternant [29].
This running-down pattern both from level to level and from
higher alternant to lower alternant is said to characterize
the '"normal phrase accent' in Jaranese [ f 20]. Sequences of
minor phrases which depart from this normal ©phrase accent
pattern by having occurrences of pitch 1level 4 (or 5) in a
non-initial constituent have a intcnation phrase boundary
before the constituent with the higher pitch and this depar-
ture from the normal pattern is significant syntactically in
that it indicates the constituent structure of the utter-
ance, and it has meaning, i.e. ‘'emphasis' (or strong empha-
sis in the case of pitch level 5) (Jorden 1955:20).

Like McCawley, Jorden reports a step down in pitch from
one level to another between the ‘first two minor phrases in
a major phrase, or pause group as she calls it. Unlike
McCawley, Jorden says that pitch continues to decline

throughout the major phrase, not £from level to 1level but

from alternant to alternant. Why should the fall in pitch

9 In Jorden's notation, pitch level 1 is low and level 5 is
extra-high.
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from the first to second minor rhrase be considered more
significant than the £all from the second to the third, or
the third to the fourth? We could speculate that the ini-
tial fall is quantitatively different, i.e., greater, but it
does not seem to be functionally different frcm the gradual
descent frem alternant to alternant. A rise in pitch indi-
cates the beginning of a new intonation phrase, the lack of
a rise indicates the continuation of the same intonation
rhrase. The initial fall and the following gradual descent
both have the purpose of knitting together the elements of
the phrase. Measurement of the FO0 patterns of Jaranese
utterances will tell us whether there is in fact a quantita-
tive difference between initial falls and other falls but
there seems to be no reason to treat them as functionally
different.

In Chew (1961) we have another even more explicit indica-

tion that pitch declination is operating in Japanese.

Within the same accent [=intonation] phrase each

successive high pitch and low pitch is lower than

the preceding one [p 7].
Chew's example (p 8) is worth reproducing here in its origi-
nal format which graphically illustrates his point. The
pronunciation of the phrase /a no mise de ka u hoo ga i i to

omot ta kedo/ 'I thought it would ke better to buy at that

store.' is graphically represented as:
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no mi se
/a de ka i
itove
t ta ke doy
In a footnote to this example Chew makes a very telling

point:

Assigning different pitch levels to /no mi se/ and

/1 ho/ in this sentence, while assigning the same

pitch level to su ho/, /i/, and /mo/ in accordance

with Jorden's [and McCawley's] interpretaticn of

Japanese intonation, seems inconsistent to me.

They are either all different (a rhonetic reali-

ty), or they are all phonemically the sanme. [p

159 ]
As far as Chew is concerned, the decline in pitch is not
limited to the first two minor phrases but, as he has illus-
trated, continues through the third and fourth minor phrase
and beyond. Furthermore it 1is not a stepping down from
' phonemic' pitch level to phoneric pitch level (as in Jorden
from level 4 to level 3 or in McCawley frcem high to mid) but
rather it is a rhonetic effect imposed on all (phonemically)
high (and low) morae in the utterance.

Chew uses this ‘'normal accent phrase' rattern as a tool
for determining the location of intcnation phrase boundaries
and as an indication of their deleticn in the case of the
emphasis transforms he later describes (his Section 14). (We
will return to this topic in a later section of this paper.)

If the pitches of a non-initial minor phrase are at the same

height as they would be in utterance-initial position then
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an intonation phrase boundary must occur directly to the
left of the ncn-initial minor phrase. (This wculd amount to
complete resetting of pitch declination.) Therefore, a
break in the normal running-down pattern signals the onset
of a new intonation phrase. Furthermcre these intonational
processes indicate the constituent structure of the utter-
ance. Chew gives the following two sentences to show how
the process vworks (p 8):

(M ra san
si mi

ni no sa
o ka u/ 'He buys my brother's fish.!'

(2) /a si mi
; sa
ni wa
o ka u/ "My brother buys fish.'

In the second sentence, /si mi/ is pronounced at the same
pitch level as s/a/ and this indicates that there must be an
intonation phrase boundary between sani wa/ and /sasimi o/.
In the first sentence, /ani no/ and /sasimi o/ are closely
linked and together with the verb constitute only cne into-
nation phrase. In the second sentence, ,ani wa/ is nct so
closely linked with /sasimi o/ and the intonation phrase
boundary between them emphasizes /ani wa/'s status as Topic,
even though it is already marked with the /wa,/ Topic marker.

(It is probably a matter of de-emphasis rather than empha-

sis.)
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Chew'!s statement (p 8) that intonation phrase initial
ritch values are the same as utterance initial pitch values
seems to rule out the possibility of partial declination
resetting. In the example above, where the intonation
phrase boundary is near the beginning of the sentence, it is
not unlikely that resetting would result in the pitch values
of the second phrase being the same as those o¢f the first.
One wonders though whether intcnation phrase boundaries
cccurring later in an utterance would necessarily result in
complete resetting of declination. It may be possible that
declination resetting itself is enough to signal the begin-
ning of a newv intonation phrase--the amount of resetting,
relative to utterance initial pitch values, might depend on
position in the utterance and/or prominence relations fket-
ween intcnation phrases. It is urfortunate that the only
example Chew gives is of an utterance with an intonation
phrase boundary between the first and second minor phrases.
Intonation phrase boundaries can occur at any minor phrase
boundary (cf Chew 89ff), but Chew provides us with no graph-
ical representation of sentences where the intconation phrase
boundary occurs later in the utterance. The acoustic data
in Chapter 5 below reveal that non-initial FO peaks have a
range of values, sometimes higher, sometimes 1lcower, and
sometimes similar to utterance initial peak values. Chew's
insistence that intonation phrase iritial minor phrases take
on utterance initial pitch values may be too strong a state-

ment of the process inveclved.
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Of the descriptions we have discussed, Chew!s gives us
the clearest indication that declining pitch is a character-
istic of intonation phrases in Japarnese. Haraguchi (1977),
wvho works within an autosegmental framework, exrplicitly for-
mulates a rule, which he calls the Downdrift rule, to
account for the behaviour of pitch in Japanese utterances.
Haraguchi claims that downdrift affects the realization of
High and Lcw tones to the extent that a High tone in a non-
initial minor phrase will be lowered to the 1level of an
immediately preceding Low. Succeeding Lows (and Highs)
will be lower still. It is only in ‘deliberate and rela-
tively slow speech [p 30]' that pitch will rise anywhere in
the utterance except at the very beginning. The pitch ccnt-
our of an utterance is then a continuously falling one, with
precipitous falls marking the accents. The question of the
effect of rate of speech on pitch declination will be
addressed in the analysis of the accustic data which follows
but in the light of that analysis it seems that Haraguchi
has put his case toco strongly. We have no reason to doubt
that declination could apply to the extent that ncn-initial
Highs are realized at the same pitch as immediately preced-
ing Lows in <some styles of (rapid) speech but the rule of
pitch declination will probably need to be flexible enough
to account for all ordinary styles and rates of speech. The
requirement cf Haraguchi's Downdrift rule that non-initial

Highs downdrift to the level of immediately preceding Iows
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would not allow us to account for cases whtere ritch rises do
occur and where downdrift still seems to apply though not to
the extent that Haraguchi claims.

There seems to be considerable agreement among all of the
above researchers that longer phrases in Japanese are char-
acterized by a gradual fall in pitch. The nature of this
fall, its extent, and the way we should account for it are
matters of considerable disagreement. The acoustic-phonetic
data presented in the following chapters will prcvide us

with a better understanding of each of these points.




Chapter V

THE PRESENT STUDY

This chapter contains a description of the language data,
the experimental procedure, the acoustic measures, and the
statistical procedures and results, on which this analysis

of Japanese intonation is based.

5.1 THE LANGUAGE DATA
The language data which were subjected to acoustic analysis
consisted of sentences spoken by native speakers of
Japanese. The bulk of the data was supplied by a young
Japanese woman (TI) who is a native speaker of the Tckyo
dialect of standard Japanese. This ycung woman wWas a visit-
ing student at the University of Victoria. Two other native
speakers were also recorded. One was a middle-aged Jarpanese
woman (MW) who has lived in Canada for a number of years,
and the cther was a young man (MF), who is also a visiting
student from Japan. All the subjects were recorded indivi-
duvally in a sound insulated rocn. The recording was done
using a Sony ECM-22P microphone, a Revox model A77 dual

track tape recorder and 1.5 mil Sceotch 176 Rudio Recording

Tape run at 7.5 ips.

- 34 -
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Tn all studies of intonation it 1is necessary to be aware
that intonation has linguistic and non-linguistic aspects.
The so-called attitudinal aspect of intcnation, the use of
pitch to signal emotional states, or speakers' attitudes
toward their utterances or toward their interlccutors, is
non-linguistic; it belongs to the realm of what Abercrombie
(1967:103) calls 'vocal gesture'. In its linguistic asrect,
intonaticn communicates 1linguistic information akout the
utterance. Many studies have focussed on the relationship
of grammatical sentence types to particular intcnation ccn*-
ours (Hadding-Koch 1961, for exanple). We are focussing on
intonation as a cue to phrasing. This is the function which
Gardiner (1977) identifies as intonaticn's primary linguis-
tic function. Lehiste (1870:95) <cites a number of studies
which attempted to separate the linguistic and attitudinal
aspects of intonation. She concludes that, while there is
agreement among researchers that the two have toc ke kept
separate, 'there is no effective ard universally applicable
methodology for achieving this separation [p 96 ].' With this
in mind, the sentences which were used in this study were
constructed1© and presented to the =subjects in a way calcu-
lated to minimize the effect of ncon-linguistic variakbles on

their intonaticn.

10 The sentences were constructed with +the help of a native
speaker of Japanese who was not ctherwise invoived in the
study.
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The test sentences are to be found in Appendix A. They
are all simple sentences containing only one clause and
their lexical content is unremarkable. They consist of
ordinary nouns and verbs, and common sentence modifiers. 1In
general, they conform to the basic Subject-Object-Verb word
order of Japanese. No discourse context was provided for
the sentences; the sentences were presented as a list and
the subjects were instructed to consider each as independent
of the others. Since the normal form of Japanese writing is
kanji script, the subjects read a kanji transcription of the
sentences rather than the romanized versions which appear in
Appendix A. Every attempt was made to maké the subjects as
comfortable as possible and the recording sessions were Kkept
short to avoid fatigue or boredom. The subjects were told
to read the sentences in as natural a way as possible.
After they finished recording the sentences, the subjects
were asked to listen to the tapes and were encouraged to
re-record items which seemed to them to be unnatural or 'in-
correct'. They were not, however, given any instructions as
to how to change their rendering’ of the sentences. All of
the above procedures were followed in order to reduce the
interference of non-linguistic factors on the intonation of
the test items.
Although the lexical items from which the sentences were
constructed are common ordihary words, some attention was

]

paid to their phonetic makeup. As far as possible, the lex-
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ical items contained voiceless conscnants. 7 This was simply
a convenience in that the presence of voiceless segments is
a considerable aid in the later segmentation of FO traces of
recorded utterances. 4 A second critericn applied in the
selection of lexical items was that accented forms were giv-
en preference over unaccented forms. In the case where all
the lexical items, nouns, verbs, and mcdifiers, which are
involved in a sentence are accented, there will be a minor
phrase boundary after each. 1In the case of unaccented lexi-
cal itemrs, some of the phrase bcundaries may ke absent
(McCawley 1968:177). Since we were interested in the kehav-
iour of the pitch peaks of minor phrases when they are
involved in longer utterances we wanted to maximize the
occurrence of minor phrase boundaries and so avoided select-
ing unaccented forms for inclusicn in the test sentences.

It was not possible to ensure that the peak syllables of
each sentence contained similar vowels. Vowel gquality has
been shown to have an effect cn the intrinsic fundamental
frequency of vowels (Lehiste and Peterson 1961, Peterson and
Barney 1952): ir general, high vowels tend to have higher FO
than low vowels. Sorensen and Cooper found that vowel gual-
ity affected the level of FO peaks in their study (Sorensen
and Cooper 1980). They also fourd that when they attempted
to standardize the vowels in their test sentences (eg. The
man in the van sent pansies to his fans. p 413), their sub-

jects wused an atypical 'sing-song' rhythm and so they
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rejected this approach. To avoid this problem and to make
the selection cf lexical items easier, no attempt was made

to standardize the vowels in these sentences.

5.2 SPECTRUM GENERATION AND FUNDAMENTAL FREQUENCY

—_—

e E e

The recorded test items were subjected to further pro-
cessing to extract fundamental frequency on the one hand and
to generate digital spectra for the purrose of segmentation
on the other. The components of the system included an FJ
Electronics Fundamental Frequency Meter (Type FFM 650), a
Digital LSI-11 mini-computer equipped with a 12-fkit analog
to digital (A/D) converter , and an IBM 4341 mainframe com-
puter running under VM/CMS with a variety of peripheral out-
put devices. (See schematic in Appendix B.) The same tape
recorder was used for playback as for recording.

In order to generate a spectral rerresentation of the
test items, one of two 1identical output signals from the
tape reccrder was low-pass filtered by means of an analog
filter set at 5000 Hertz (Hz). The filter attenuates fre-
quencies above the cutoff frequency at a rate of 18 decitels
rer octave. The voltage of the filtered signal was then
sampled (at a sampling rate of 10kHz) by the A/D ccnverter
and the resulting time series was stored initially in the
core memory of the 1STI-11 mini-computer. The analcg filter
setting and the sampling rate are based on Shannon's sam-

pling theorum which states that
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any band-limited signal can be exactly

reccnstructed from samples taken periodically in

time if the sampling rate is twice the highest

frequency of the signal (Schafer and Ratiner

1975:663).
Since the greatest portion of the energy of sgeech is con-
centrated in a frequency region well below 5000Hz, this fre-
gquency was selected as the cutocff frequency for the limited
signal. This procedure of filtering and then sampling the
speech signal output of the tape recorder can accurately
represent, as a time series, the components of the signal
which are helow 5000Hz.

Once the sampling routine has bequn, the A/D converter
periodically samples the input sigral but the samples are
not stored. In order to capture a segment of speech (i.e. a
sentence) the samples have to be stored. Capturing dces not
begin until the input signal contains a voltage equal to, or
greater than, a pre-set trigger vcltage. In this case the
trigger level was set so that capturing would begin at the
onset of the first vowel in the sentence. Successive sample
points were then captured until a duration of time set by
the operator had elapsed. The maximum number of sample
points which can be stored by the mini-computer at one time
is" V25500, This means that, at a sampling rate cf 10kHz,
the maximum duration of the signal which can be captured is
1250 milliseconds (ms) or 1.25 seccnds. Since some of the

test items were longer than this, they had to be captured in

two sections. A delay time option, which specifies that
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capturing not begin until a certain time has elafpsed after
the trigger voltage has been sensed, was used for these lon-
ger items. For the first section of a longer item, the
delay time was set to zero and capturing began immediately
after the trigger voltage was sensed. For the second sec-
tion, a delay time equal to the duration of the previous
section, 1250ms, was specified and capturing did not kegin

until this delay time had elapsed.

The scftware package under which the sampling and stcrage
routines operate includes an editing routine which provides
for'digital to analog (D/A) playback. The D/A playback was
used for auditory checking of the captured signal. This
auditory checking was necessary to ensure that the relevant
rortions of the input signal were captured. (Later, wten-
ever the digital spectra were ambigucus as to the boundaries
between segments, D/R playback was used to resclve the
ambiguity auditorily.) If the test item was properly cap-
tured, the time series was given a filename and was stcred
on floppy diskette. later this digital representation of
the audic signal was transferred to the IBM mainframe ccmpu-
ter for further processing.

The complex speech signal can be viewed as a ccmbination
of sinusoidal waves which vary over time and which differ in
frequency, amplitude and phase. Under certain circumstanc-
es, a time series derived from the complex speech waveform

can be transformed into a spectral representaticn which
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separates the component frequencies of the complex waveform
while conserving information about their relative ampli-
tudes. The audio time series generated by the .mini-computer
were subjected to a Fast Fourier Transfecrm (FFTI) prccedure
on tke mainframe which does just that. The FFT creates a
digital spectrum of the original waveform which shows the
distribution of energy of the speech signal in the frequency
domain. Inspection of the digital spectra so created
allowed us to determine the characteristics of the speech
signals as they varied over time. Since different speech
sounds have different distributions of energy in the fre-
gquency dcmain, the spectrum of a speech signal allows us to
identify individual speech sounds. We used this information
to reliably segment the captured test items into speech
sounds and words. Once the segmentatiocn of the test items
ihto speech sounds and words was dcne, this information was
‘applied to the fundamental frequency contours, obtained via
a separate procedure detailed below, =0 as to relate funda-
mental frequency values to specific speech segments.

A second output from the tape reccrder was passed through
the Fundamental Fregquency Meter. This instrument uses a
combination of high and low pass filters tc isolate the fun-
damental frequency component of the input signal. The
instrument then uses a sample and hold circuit to sense the
zero crossings of the fundamental and produces as output a

continuous voltage which is prcoportional to the reciprccal
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of the period of the fundamental (FJ Electronics Reference
Manual). The output of the FO meter can be directed to a
mingograph but in this case it was directed to the A/D con-
verter of the mini-computer. The output signal was samrled
at a rate of 1kHz and a time series was generated for each
test sentence which represented the fluctuations in the vel-
tage of the signal. The capture of these TO time series was
initiated by the same triggering device, set at the same
level, which initiated the capture of the <ccrresponding
audio signal. The triggering device sensed the other output
of the tape recorder routed as before through the analog
filter. This procedure ensured that the two time series
representing different aspects of the same sample began at
the same temporal point. The FO time series were stored
locally on floppy diskette before keing transferred to the
mainframe for further processing.

Both the digital spectra and the FO0 time series could be
printed in digital form; both <coculd be displayed digitally
or graphically on a video display terminal. 1In addition the
FO0 traces could be hardcopied wusirg a Tektronics hardcopy
device. Sample F0 traces are included in Appendix C.

Since the continuous voltage cutput cf the F0 meter and,
cf course, the resultant time series are only proportional
to the fregquency of the fundamental, the system had to be
calibrated so that the values to be displayed would be in

Hertz. The function used for the calibration was empirical-
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ly determined using input signals of known frequency. These
signals were passed through the system and the time series
values generated from the output of the FO meter were com-
pared with the known frequency values of the input signals.
The relationship between the two was determined and a con-
version function derived. This function was applied tec all
of the FO0 time series before display and so the output is
scaled as frequency (in Hertz) over time. After the conver-
sion function was applied but before the values were dis-
played they were rounded to the nearest 5Hz. The voltage
from the FO meter fluctuates slightly--the rounding of the
FO values smoothes the FO contours without significantly
affecting the relative frequencies of the FO peaks.

A ccmparison of the digital spectra of the audio time
series with the FO time series was made and segmentaticn of
the latter was carried out on the tasis the segmental ccmpo-
sition of the former. At this pcint, the test items were
represented by segmented F0O time series and the selecticn of

the relevant fundamental frequency values could be made.

5.3 THE MEASUREMENT OF FUNDAMENTAL FREQUENCY PEARS

Since the fundamental frequency of speech varies cver
time, the F0 of a particular speech segment, mora, word, or
sentence is not a single datun. All werk with FO requires
some form of data reduction--the selection or abstraction of

a single significant value or of a relatively small number
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of values (Sorensen and Cooper 1980:403). In the present
study the values which seemed most useful for the character—é
ization of intonation in Japanese vwere the F0 fpeaks associ-
ated with each minor phrase in an utterance. Thisg tis
essentially the same method of data reduction used by
Sorensen and Cooper in their studies of English intonation
(see section 3.2, above). In the past, FO peaks have yield-
ed valuable information about intonation (Sorensen and
Cooper 1980:403). Ease of measurement was alsc a considera-
tion, since FO0 peaks are relatively easy to locate on an FO
trace.

Even though FO peaks are relatively easy to locate, care
had to been taken to avoid the selection cf spuricus peaks.
In order for a data point to be selected as representing an
FO peak, it had to be consistert with its neighbours.
|Sometimes momentary peaks appear in the F0 trace whick do
gnot represent actual F0 values; this is especially true when
Ispeech intensity is low. These spurious peaks are an arti-
fact of the measurement procedure ard as such are not valid
data and should not be selected. Ancther consideraticn in
the selection of peak values was the fact that FO often
changes very rapidly in the region of an FO vrpeak.
Consequently a time window of 10ms was applied to the ccnt-
our in the region of a peak and the frequency value which
appeared most often in that span (the mode) was assigned to

the peak. If peak FO was relatively steady, the mid point




42
of the =steady state was selected as the 1locaticn of the

peak.

Relatively short term perturbations in FO are to be fcund
in the region of segment boundaries, particularly when the|

boundary is between a voiceless obstruent and a vcwel |

(Hombert 1978, House and Fairbanks 1953). It is unlikely
that these perturbations, which are the result of coarticu-
lation, represent significant features c¢f intonation.
Inspecticn of the FO traces of the the Japanese sentences
under analysis revealed that these mcmentary perturkations
were generally confined to a period within 20ms of the
preceding and 10ms of the following segment boundary. No

data points were selected from these regions.

Oonce the fundamental frequency fpeaks had been identified
they were recorded along with their locations. The location
of the first peak in the utterance was set to =zero. The
location of each subsequent peak was recorded as the elagsed
time (in ms) from the first peak. For the purpose of con-
parison among sentences, the length of each was considered
to be the time between the first and last peak. This method
of locating FO peaks was used by Sorensen and Cooper in
their studies of English intonation (Sorensen and Cccper

1981) .
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S.4 PITCH DECLINATION IN JAFANESE

Even a cursory examination of the F0 traces of the sen-
tences under consideration reveals that pitch does indeed
tend to decline over the length of the sentence. The gener-
al pattern is unmistakable. 1In order tc provide a statisti-

cal basis for the description <c¢f the intonation contours of

these sentences, a number of procedures available in the
Statistical Package for the Social Sciences (SPSS) were
applied to the acoustic data. Several variables were coded

for each sentence. The fundamental frequency c¢f the FO
peaks (PEAKFO), their location in the sentence (SENTECS),
and their associated time of occurrence (TIMEPK) were ccded
along with the length of each utterance in wcrdsll (LENUTT)
and in time (TIMEUTT).

Since we were unable to contrcl for vowel quality in con-
structing the sentences, the height of the vowels (HILOQ)
during which the F0 peaks occurred was included as a varia-
ble in order to find out what influence, if any, vcwel
height had on the FO of the peaks. Vowel height was coded
in the fcllowing way. The vowels /iy and /u/ were considered
to be high, all other vowels were ccnsidered to he low. The
two high vowels are important in Jaranese in that they rat-

tern similarly with respect to a high vowel devcicing rule

11 *Words' in this ccntext refers tc what we have up tc now
been calling minor phrases. Minor phrases pattern in
most respects as words and ‘word' is a 1less cumbersome
term than minor phrase. SENTPOS is also coded in words,
i.e. SENTP0OS=1 refers to first wcrd in a sentence,
SENTPOS=2 refers to the seccnd and so on.
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which devoices /i/ and /uy/ when they occur between two
voiceless consonants (Haraguchi 1¢77:35) . Acoustic evidence
for the effect of vowel height on pitch suggests that /i/
and /u/ have the highest intrinsic ¥0 while /a/ and /o/ have
the lowest (Lehiste and Peterson 19€1) . The other relevant
vowel /e/ is scmewhat closer in intrinsic FO to the low vow-
els than to the high vowels and does not partake in the tigh
vowel devoicing rule. For these —reasons it was coded as
low. In the sentences of speaker TI, FO peaks occurrec¢ in
syllables containirg low vowels 133 times, in syllakles con-
taining high vowels only 39 tinmes. No consistent effect of
vowel height on the fundamental frequency cf the peaks in
these sentences was detected.

The primary variables, the ones which allow us to charac-
terize the general pattern of intcnation in these sentences,
are PEAKFO and TIMEPK. The peaks themselves are designated
as P1, P2,...Pn, where P1 is the first peak in a sentence,
and Pn is the last. The designaticns T1, T2,...Tn refer to
the times of occurrence of P1, F2,...Pn, respectively. The
F0 peaks of all the three-word sentences of speaker TI are
shown in the form of a scattergram plot in Figure 1.

The Condescriptive Statistics sub-routine of SPSS yielded
means and standard deviations for the frequency and time of
cccurrence (t) of the peaks of each sentence. Table 1 pre-
sents these measures for the three-wecrd sentences of subject

P The mean PEAKFO and TIMEPK values in Table 1 are
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Figure 1: Scattergram. Three-word Sentences of Speaker TI.
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included in the scattergram plct in Figure 1 and the line
connecting them represents the proposed line of pitch decli-
nation for these sentences. The two variables PEAKFO and
TIMEPK show a very high negative correlation for this speak-

ert2 (r = -0.83, p < 0.001).

TABLE 1

Means and standard deviations c¢f values of FO
peaks (Hz) and associated times cf occurrence (ms)
for each peak in the 3-word sentences of sutject
TTI. Number of cases = 24.

PA;T1 B2,92 P37%3
FO 276. 258. 198.
SD  12.4 11.9 14.9
t 0. 539, 1020.
SD 0.0 129.0 232.9

The negative correlation between the twc variables only con-
firms what can ke seen in the scattergram plot of the actual
P,T values of the sentences, i.e., as elapsed time cf utter-
ance increases FO decreases. The three-word sentences them-

selves, together with their PEAKFO and TIMEPK values appear

12 A1l numerical correlations and significance figures vwere
produced using the Scattergram sub-routine of SPSS. The
symbol r represents the Pearson product-moment correla-
tion coefficient and p is its associated test of signifi-
cance (Nie 1975:293).
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in Appendix D.

Subject MW has a lower-pitched voice; all of her peaks
were somewhat lower in FO than those of TI. The mean fre-
gquency and time of occurrence of the ¥F0 peaks in MW's
three-word sentences appear in Table 2 and are shown graphi-
cally on the scattergram of those sentences, Figure 2. The
actual values for these sentences are to ke found in

Appendix G.

TABLE 2

Means and standard deviations of values of FO
peaks (Hz) and associated times of occurrence (ms)
for each peak in the 3-word sentences of subject
MW. Number of cases = 6.

P1,T1 P2,12 P3,T3
FO 257. 230. 183.
SD 6.1 1.4 6.9
t 0. 708. 1320.
SD 0.0 54 .9 153.1

The correlation between PEAKFC and TIMEPK for this speak-
er is also very high and negative (r = -0.94, p € 0.001)s
Because cf the small number of cases (N = 6), this correla-
tion cannot be considered as statistically valid and must be

viewed with caution. Stddll,;—the-fact: -that-dt - is-so+high,
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Figure 2: Scattergram. Three-word Sentences of Speaker MW.
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and that the pattern of FO0 peaks for this speaker conforms
quite closely to the pattern for Speaker TI, suggest that
PEAKFO and TIMEPK are correlated, even if, for some greater
N the correlation might not be so strong.

In -order to compare the behaviour of pitch in all the
three-word sentences of the two female speakers, a measure
of relative change in pitch was computed. The mean change
in pitch from Pl to P2 and from. Pl to P3 was calqulated in
semitonesl3 using the FO of Pl as the referential frequency.
The use of the relative semitone scale allows direct compar-
ison between speakers who have different pitch ranges. The
mean change in pitch from Pl to P2 for TI was -1.0 semitone,
from Pl’to P3, -5.5 semitones. For MW the mean change in
pitch from Pl to P2 was -2.1 semitones, from Pl to P3, -5.9
semitones. While the pitch of each speaker falls roughly
the same amount from Pl to P3, MW's falls somewhat more than
TI's from Pl to P2. The interesting thing to note here is
that by far the greatest fall in pitch occurs between the
last two peaks rather than between the first two peaks
which, you will recall, is the opposite of what McCawley's

and Jorden's analyses (see Chapter 4 above) would lead us to

13 The semitone scale is a logarithmic scale which more
accurately represents the perceived difference in pitch
hetween two sounds. Twelve semitones equal one octave.
A sound which is one octave higher in pitch than another
is twice the frequency of the other. Change in pitch in
semitones was calculated using the formula: s = 39.86
log F2/Fl, where g is the change in pitch in semitones,
F2 is the fundamental frequency of Pl and Fl is the fun-
damental frequency of P2, P3, etc. (Weitzman 1970:38).
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expect. The mean changes in [fitch in the three-word
sentences of tcth MW and TT are presented in Figure 3. The
pitch of P1 is set at zero semitones as a reference pcint.
For MW, P2 and P3 are more distant in time from P1 than are
the corresponding peaks of TI, they are also somewhat lcwer
in pitch. If PEARFC is correlated with TIMEPK, this is just
what we would expect, and if time of occurrence could be
normalized the pattern of the pitch falls might be striking-
ly similar.

We must turn now to the limited data we have from the
male speaker (MF). The mean PEAKFC and TIMEPK values for
this speaker indicate that pitch declines from P2 tc P33, but
it does not decline from P1 to P2Z. A look at the peak
values for the actual sentences (Arpendix H) reveals that
pitch actually declines in pitch from P1 to P2 in less than
half the sentences of MF. In the others, P2 is at the sane
or a higher frequency than P1. The mean FO and standard
deviations of the FO peaks of the three-word sentences of
MF, along with their times of occurrence are to be found in
Table 3 below. The correlaticn c¢f PEAKFO and TIMEEK for
this speaker was again negative and significant (r = -0.70,
p € 0.0071) but does not accurately reflect the behaviour of
pitch in these sentences.

In over half (5) of MF's sentences, fundamental frequency
did not decline at all between P1and P2. Why is this

speaker different from the othets? The sentence data for
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Mean change in pitch in semitones
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TABLE 3

Means and standard deviations o¢f values of FO
peaks (Hz) and associated times of occurrence (ms)
for each peak in the 3-word sentences of sukject
MF. Number of cases = 8.

P1,T1 P2,T2 P3, T3
FO 185. 185. 137,
SD 7.1 16.9 14.4
¥ 0. 899. 1570.
SD 0.0 191.6 254 .1

speaker MF consist of sentences in which word crder was
systematically varied. Although word crder 1is relatively
free in Jaranese, some word orders are mcre marked than oth-
ers, especially if they depart from the basic SOV order.
While all of the sentences are grammatical, some are less
likely to occur than others. Unfcrtunately there does not
seem to be any systematic way to account for the kehaviour
of pitch in these sentences. The effect of word order vari-
ation, though relevant to a study of Japanese intonation, as
we shall see in Chapter 6 below, will reguire more detailed
study. The 1lack of apparent systematic variation in the
pitch contours of these sentences may also be a result of
the peculiar way in which they were uttered. The mean time

of utterance for the three-word sentences of MF was approxi-
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mately 50% greater than for the three-wecrd sentences of TI
and MW. An inspection of the FO traces and the digital
spectra of MF's sentences reveals that the reason for this
was that MF spoke very slowly and delikerately, leaving fer-
ceptible pauses between lexical items. MW and TI spoke much/
more quickly and did not pause between lexical items, utter-
ing each sentence as one three-word phrase. The atygpical
deliberateness with which MF uttered the sentences suggests
that he was highly conscious of the recording situation and
that conseguently his intonation patterns were not those he
would use in normal speech since rnost people do not fpause
between every word in normal speech. The intonation pat-
terns of TI and MW, who spoke much more rapidly and without
pauses, are taken tc be more representative of their normal
speaking patterns. It is interesting tc note that the mean
change in pitch from P1 to P3 for MF was -5.5 semitones
which is very similar to the values obtained for TII and MV
(-5.5 and -5.9, respectively). The change in pitch from the
beginning to the end of the three-word sentences of all
three speakers was approximately one-half octave. 3% ;

The statistical data for the four-word sentences of
speaker TI appear in Table 4 and the FO feaks are grarhed in
Figure 4 below. The sentences themselves along with their
PEAKFO and TIMEPK values appear in Appendix E. The correla-
tion of PEAKFC and TIMEPK remains high and negative ﬁor the

four-word sentences of this speaker (r = -0.84, p < 0.001).
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Figure 4: Scattergram. Four-word Sentences of Speaker TI.
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TABLE 4

Means and standard deviations of values cf FO
peaks (Hz) and associated times of occurrence (ms)
for each peak in the four-word sentences of TI.

Number of cases = 15.
P1,T1 P2, T2 E3, 13 P4 ,TH
FO  278. 253. 251. 195.0
SD 1.4 20.2 8.4 10.9
t 0. 514, 1030. 1431.0
SD 0.0 156.0 150. 14 139.7

Fundamental frequency declined from P1 +to P2 in ten of
the fifteen sentences. In three cf them FO was the same for
P1 and P2 and in two FO increased from P1 to P2. In eight
of the sentences fundamental frequency declined from PZ to
P3; in six it went up, sometimes substantially; in one it
remained the same. The mean fall in pitch, P1 tc P4, for
all of TI's four-word sentences wWas -6.3 semitones, or
slightly more than a half-octave.

In ten of these sentences F0O increased either from P1 to
P2.or from P2 ta PR3, If we want tc acccunt for the intona-
tion pattern of Japanese sentences in terms of pitch decli—}

nation, we must explain why FO failed to decline over theg
\

whole length of these sentences, why, in fact, it rcse scme—}
where within them. The vast majority of the three-word sen-

tences of this speaker declined in pitch £from beginning to

P,

¢
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end.1l4 In the four-word sentences, we see breaks in the line
of declination, with rises in FO0 occurring between intermed-
iate ?eaks. If the break in the line of declination occurs
between Pl and P2, FO0 declines from P2 to P4. If the break
in the line of declination occurs between P2 and P3, FO
declines from Pl to P2 and from P3 to P4, This suggests
that longer sentences tend to be segmented into two, or per-
haps more, intonation phrases, each of which is character-
ized by pitch declination. This segmentation aoes not have‘
to occur, and we have the evidence of the four four-word
sentences in which FO0 declined over the length of the whole
sentence to show this. Before considering the four-word
sentences in detail, it will be useful to look at the data
for the five-word sentences of TI since they show a similar
tendency to include pitch rises.

The mean values of fundamental frequency and times of
occurrence for the F0 peaks of the five-word sentences of
subject TI appear in Table 5 below. These means are includ-
ed in the scattergram plot of all the five-word sentences of
TI, Figure 5 below. The disjuﬁcfure in the line connecting
the points that represent the means reflects the proposed
intonation boundary at which declination is reset. The cor-

relation between PEAKFO and TIMEPK for the five-word sen-

14 In three cases (Sentences 13, 32, and 45) there was no
change in ' F0O from Pl to P2, In two other cases
(Sentences 34 and 35), which were included to see if
there were direct contrasts in the intonation of certain
related sentences, FO0 rose from Pl to P2,
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tences of TI is again negative and high, but it is not so
high as for her three and four-word sentences (r = -0.69, p
< 0.001). The overall fall in pitch from P1 to P5 for these

sentences is -5.6 semitones, again almcst one half-octave.

TABLE 5

Means and standard deviations of values of TFO
peaks (Hz) and asscciated times of occurrence [(ms)
for each peak in the 5-word sentences of sulkject
TI. Number of cases = 8.

P1, T1 P2,T2 P3,T3 BY4,TH EE,1S
FO  271. 250. 260. 246. 195.0
SD 13.7 11.0 183 18.7 10.0
t 0. 428. 1169. 1652. 2036.0
SD 0.0 66.1 134.5 182.2 210.0

A look at Figure S reveals that there is a distinct ten-
dency for FO to rise between P2 and P3. A look at the actu-
al sentence data (Appendix F) reveals that five of these
sentences shovw a rise between P2 and P3, one neither rises
nor falls. Of the others, in Sentence 1z, FO0 falls through-
out; in Sentence 3, FO rises from P1 to E2, falls from E2 to
P3, and rises again from P3 to P4. Sentence 12 shows that
pitch ggg. decline throughout the length of even a longer
sentence. The others show that it wusually does not.

Sentences 5, 20, 28, 36, and 38 all have rises in pitch from
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P2 to P3--pitch declines from EF3 to the end in all of thenm
(actually Sentence 38 has the same pitch for P2 and E3).
Sentence 31 has two contiguous rises in pitch, from P2 to E3
and from P3 to P4.

What is the best explanation for the behaviour of pitch
in all of the sentences? The pattern of the three-word sen-
tences of TI and MW is clearly cne cf declining pitch. Half
of the four-word sentences fall throughout, the other half
have a rise in pitch somewhere in them, but the segments of
the sentences on either side of the rise decline in pitch.
Only one of the five-word sentences shows declining pitch
throughout, the others have at least one rise in pitch scome-
where, with the preferred position being between the second
and third peak. Again the peaks cn either side of the pitch
rise decline from one to the next.1S The best explanation,
without atandoning the hypothesis of pitch declination,
vhich the data from the three-word sentences so clearly sup-
port, is that the longer sentences have /intonation rhrase
boundaries within them and that each intonation phrase is

characterized by pitch declination.

15 Only cne sentence (Sentence 31) has two contiguous rises
in pitch.
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5.5 A RECONSIDERATION OF THE NON-ACOUSTIC EVIDEECE

Previous descriptions and analyses of the ELehaviour of
pitch in lcnger Japanese utterances must be re-considered in
the 1light of the acoustic evidence presented atove.
McCawley's analysis (Chapter 4.2 above) which implied that,
while there was a step-down in pitch from the leftmost minor
phrase in a major phrase to the second, the pitches in non-
initial rhrases were all similar (i.e. mid) is easily falsi-
fied by our data. In many of our sentences, pitch declines
over three, four and occasionally five minor phrases. It is
hard to imagine that each of these minor phrases contains
pitches which are a consequence of different strength
accents. If the first and second minor rthrases have primary
and secondary accents which are realized as high and mid
pitch respectively, one wonders what =scort of accents the
third and fourth minor phrases have.

McCawley does allow that there 1is a rule which, under
certain circumstances, deletes minor phrase boundaries. He
gives as an example ([1968:179) the major phrase: doo %
ittara ¥ ii desu ka 'how would it be best to go'. (The %
marks the minor phrase boundaries.) With nc deleticn of
minor phrase toundaries, the accented syllables of the minor
phrases of this sentence would be realized as High-Mid-Mid.
Depending on which minor phrase boundaries are deleted, the
sentence also has two alternative fpronunciations. In one,

the # between the first two minor rhrases is deleted yield-
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ing doo ittara ¥ ii desu ka. McCawley's accent reduction
rule (p 173) applies first at the minor phrase level reduc-
ing the accent in ittara to a seccndary accent and then
again at the major phrase level reducing it still further to
tertiary accent which is 'not pronounced'. This means that
only do in the first phrase and the first i in ii desu ka
have non-low pitches, high and mid respectively; all other
morae are low. In the other alternative prcnunciation, the
first and second ¥ are deleted and the operation of the
cyclic accent reduction rule ensures that only do is real-
ized with high pitch--all other morae are 1low. The pitch
falls from the first mora of the fhrase to the second and
there are no subsequent rises (cr presumably falls) in pitch
after this. There can be no rises in pitch Lecause
McCavwley's pitch assignment rules make explicit reference to
minor phrase boundaries in their assignment cf low pitch to
the first mora in a minor phrase. Recall frcom Chapter 4.1
above that the first mora of a minor phrase is low if it is
unaccented. Since pitch can only rise, according to
McCawley, between the first and second mora after a minor
phrase boundary, and since these boundaries have been delet-
ed in this example, there can be no pitch rises after do.

McCawley's accent reduction rule, even with the addition
of the minor phrase boundary deletion rule akove cannot

account for the behaviour of pitch in mcst of our sentences,

particularly the longer ones. Consider the following exam-
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ple: 16) musume ga otoko ni hana o ataeru 'The daughter

gives the man flowers.' This sentence would start out with
boundaries between each of the mircr rhrases. Since the
pitch of the FO0 peaks of each of the rhrases declines cver
the whole utterance and, incidentally, as the FO trace
reveals, the pitch rises from the first to second mora of
each phrase thus indicating the ccntinued presence of the
phrase boundaries, there is no way for McCawley to account
for the intonation ef this sentence. In a sentence like:

20) kyoo otoko ga isi o ike ri nageru 'Today the man

throws pebbles into the pond.' whose pitch rise from P2 to
P3 might signal the presence of a major phrase boundary fket-
ween otoko ga and isi o, McCawley might conceivalkly ke able
to account for the pitch contours of each major rhrase,16
but he cannot account for the fact that the FO peak in isi o
is considerably lower than that in kyco. If both these
pPhrases are the leftmost in a major phrase then they should
both contain equally high pitches.

Eleanor Jorden's analysis (1955) fares somewhat Ltetter
than McCawley's in the 1light of the acoustic evidence.
Recall that Jorden describes the pitch of a major rhrase as

declining first of all from, +typically, 1level 4 tc level 3

and from alternant to 1lower alternant thereafter. There

16 In this sentence there is no rise in pitch from the first
to the second mora of the last minor rhrase, the FO reak
occurs within the first mora and pitch falls to the end
of the sentence. In McCawley's terms, this could be
explained as being a consegquence of the deletion of the
minor phrase boundary between ike ni and nageru.
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seemed toc be no functional or gualitative reascn, and Jcrden
does not give cne, why the the fall in pitch from the first
to second minor phrase is treated differently from sukse-
gquent falls. We speculated that there may be a guantitative
difference in the falls with the first being much greater
than the others. ©On the contrary, the FO0 traces reveal that
the greatest fall in pitch is frcp the next-to-last to the
last miner phrase and that,. —although the mean rpitch fall
from the first to the second peak is greater than the mean
fall from the second to the third, 17 in particular sentences
the fall frem P1 to P2 1is scmetimes greater and sometimes
less than that from the P2 to the P3. For example, in
Sentence 10 the fall from P1 to P2 is -2.0 semitones and
from P2 to P2 it is -0.7 semitcrnes. In Sentence 16, the
fall from P1 to P2 is -0.6 semitones while the fall frem P2
to P3 1is -1.4 semitocnes. Jorden would treat the greater
fall in pitch near the end of the major phkrase as bbeing a
consequence of an 'intonation morph' (1955:27) which affects
pitch at the end of a phrase. There seems to be no reason,
however, to consider a fall in pitch in one location 'rho-
nemic' and a similar fall in another location a nmatter of
'alternants'. We cnly need speak of 'rhonemes' in respect
to the High and low tones which are a consequence of
Japanese lexical accent. In their realization, these tones

take a whole range of pitch values, but the actual values

17 This does not apply to the three-word sentences.
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they take are a consequence of intoraticn and the systematic
variation in pitch over major phrases is best described in
terms of phonetic rules of the =ort suggested by Chew (in
Chapter 4.2 above).

Chew's description of the intcnaticn of utterances in
Japanese is, in the main, vindicated by the acoustic evi-
dence. It is true that pitch gradually declines from the
beginning of the intonation phrase to the end. 1In Chapter 6
below, we will discuss the use Chew makes of intonation
phrase boundaries in his 'emphasis transforms'. ¥Fcr now, it
should be pointed out that the cccurrence of an intonation
phrase boundary in our sentences did not necessarily invelve
complete resetting of the line of declination as it does in
Chew's descrirtion. It is often the «case in our data that
the utterance-initial F0 peak is not the highest peak in the
utterance {(Sentences 3, 22, 25, 34, 35, and 36) and, mwmore
often still, a rise in pitch frcm one peak tc ancther does
not necessary mean that the second peak will reach the level
of the utterance~initial peak (Sentences 4, 5, 18, 19, 20,
28;52%%s The fact of the rise frce one peak to the next is
enough tc signal the phrase poundary: the amount of the rise
probably depends on ofhg;/things. To put it another way,
there is a categorical distinction between falling pitch as
Ia part of a intonation phrase ccntour, and non-falling (i.e.
level or rising) pitch as a signal for the start of a new

intonation phrase. The realization of non-falling pitch is
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gradient--the greater the ultimate rise, the 'stronger' the
intonation phrase boundary being signalled and the greater
the prominence of the second phrase.1® Chew's requirement
that the pitch rise to wutterance-initial 1level after an
intonation phrase boundary is incorrect.

Haraguchi (1977) errs in the cther direction. His formu-
lation of the Downdrift Rule (p 30) requires, except in the
most deliberate speech, that there be no pitch rises within
the intonation phrase, not even the accentual rises from the
first to the second mora in each minor rghrase. It might be
possible to argue about what constitutes a 'natural' rate of
speech--this is the rate in which Haraguchi's ever lowering
Downdrift Rule applies--and about whether +the samples of
speech which form the basis for this thesis were spoken at
this rate, but about one thing Haraguchi is entirely wrcng.
He claims that the application of his Initial Lowering Rule
{peB1EE) 5 which accpunts for the rise in pitch from the
first to the second mora of a minor phrase, is 'crucially
dependent on the presence of a pause in front of the initial
mora [p 30).*' He also implies that the presence of fauses is
the defining characteristic of 'deliberate' speech. Many of
the FO traces of our sentences reveal that vecicing contin-
ues, without cessation, from one FO peak to the next with a
fall and then a rise in pitch in between but, obviously, no

pause. Even when a voiceless consonant intervenes between

18 *Stronger' is used here in the same sense as in Chapter 3
above.
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the peaks, the silent interval seems to be 1nc lcnger than
silent intervals associated with vciceless consonants which
are not at minor phrase boundaries. It may very ﬁell be
possible that pitch declinaticn could cperate to the extent
that non-initial highs will be lowered to the level of
immediately preceding lows!® but there will be relatively
rapid rates of (perhaps careful) speech where pitch declina-
tion still operates but does not haVe this extreme effect
(of this we have numerous examples). N

The ncn-acoustic evidence, except in scme details, gener-
ally supports our hypothesis that pitch declination is a
common intonation contour in Japanese, perhaps even the nost
common. The acoustic evidence is weighted in favour of this
hypothesis as well. Sorensen and Cooper's studies tave
shown that the typical form of pitch declination in English
has a high first peak, a considerable fall in pitch, and
then a gradual descent from the second peak to the end of
the utterance. Consequently initial peaks in English are
above the declination line defined by the Topline Rule. As
well, Sorensen and Cooper found that there was a correlation
between the F0O of P1 and the time of utterance (Sorensen and
Cooper 1980: 419) . They found that the frequency of F1 was

consistently higher in longer sentences. In Japanese, pitch

19 Tn many of our sentences, there is nc rise from the first
to the second mora of the last minor phrase, and pitch
simply declines from the initial mcra in the rhrase to
the end of the sentence. This phencmenon does not cccur
in other positions and may be a consequence of a narrow-
ing of the pitch range near the end of the utterance.
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gradually declines from the first t§  the next-to-the-last
peak and then shows a steep\égqlihe to the last peak. In
our data, the FO of the initial peaks only showed a signifi-

cant correlation with time of utterance in three-word sen-

tences (r 04735 1pX.0.001)s In longer sentences the two
variables were not correlated. It may well be that the FO
cf initial peaks is correlated with the length (time) of the
intonation phrase rather than the length (time) of utter-
ance. The three-word sentences in our data almost invaria-
bly consist of single intonation phrases, time of utterance
is the same as time of intonaticon fhrase and the FO of the
initial peaks and the time of utterance are correlated. The
four and five-word sentences in our data tend to consist of
more than one intonation phrase. If the FO of P1 is affect-
ed by the length of intonation phrase rather than the length
of utterance, the lack of correlaticn between FEEAKFC and
TIMEUTT is understandable.

Sorensen and Cooper (1981:96) report that they have
recently completed a study of pitch declination in Jafpanese.
The precise results of this study and the data on which they
are based have not been published sc direct comparisons with
the present study are not possible. Scrensen and Cooper do
report that their Topline Rule did not result in a good
characterization of pitch declination for their Jagpanese
data. It appears that, +though English and Japanese loth

exhibit the general feature of pitch declination, the form
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which pitch declination takes in each is different. They
also found that the frequency of initial peaks was not cor-
related with 1length of uttefanqe which indicates to then
that the dcmain of pitch declinéticn in Japanese is shorter
than-At-1is for English. 9a§;nese speakers do not take the
length of the eﬁtiée/séﬁ;ence intc acccunt in determining
the PO . cof sentencekinitial peaks. Sorensen and Coofrer's
findings are consistent with those c¢f the present study. 1In
the follewing cH;pter we will discuss how pitch declinationm

might be involved in the coding of prcminence relatiens as

well as in the the phrasing of Japanese utterances.




Chapter VI

CONCLUSION

There seems to be 1little doubt, on the basis of the
acoustic evidence of this study and o¢f the non-acoustic
descriptions of the behaviour of pitch in Japanese sentenc-
es, that pitch declination exists in Jarpanese. It has the
function of segmenting utterances into intonation phrases.
It differs from pitch declination in English as formulated
by Sorensen and Cooper (1981). It differs in both form and
domain.

The form cf pitch declination in English involves a steep
initial fall followed by a gradual descent to the final peak
in the phrase. In Japanese, pitch declines more steeply at
the end of the phrase. There /'seems tc be less ccrrelation
in Japanese between the level cf the initial peak and the
length of utterance than in Eng}ish. In English many long
sentences (consisting of a sinéiE/clause) have declining
pitch throughout. This, together with the cbserved correla-
tion between the 1level of the first peak and the length of
utterance, and the relative stability of the level of the
final peak, 1led Sorensen and Cooper tc speculate that the
speaker must have look-ahead mechanism whereby he estimates

the approximate length of the utterance and then ccmputes
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the level of the first peak in order to determine the rate
of declination. In Japanese, lcnger sentences are rarely
characterized by a single line of declination, but are Llro-
ken up into intonation phrases,\ each of which is character-
ized by its own line of declinatian. This suggests that the
domain of pitch declination in Japanese is much shorter (cf
Sorensen and Cooper 1981:97) than it is in English. This
may be a consequence of the fact that 'pitch/is a highly
salient feature of 1lexical items in Japanese. Because
Japanese is a pitch accent language which makes use of pitch
at the word level to signal accentual distinctions, an into-
nationally coded decline in pitch which narrowed the pitch
range over the length of utterance might tend to make the
realization o¢f word 1level pitch fpatterns more difficult
toward the end of the utterance.2® The shorter domain of
pitch declination in Japanese tends to preserve the accentu-
al patterns of the lexical items.

Sorensen and Cooper believe that pitch declination is
éyntactically coded in English. Since its domain is very
often the sentence, or clause, or scme other syntactically

definable unit, this seems plausible. In Jaranese, lecause

20 Tn fact, the FO traces of our sentences reveal that the
verbs, which occur at the end of cur sentences, very sel-

dom retain their accentual pitch patterns. Often the
syllable which has the highest pitch is the first even
though the accent is elsewhere. The accentuaticn of

verbs is much more reqular than that of nouns so their
accent patterns have a lower functicnal 1load and this
levelling of their pitch contcurs does not impede intel-
ligibility.
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of its shorter dcmain, pitch declination is often the
characteristic intonation contour cf g[parts of utterances,
parts which are often difficult to define syntactically.
Consider Sentence 22 as spoken by subject TI:

asita otoko wa azuki o taberu 'tomorrow the man will eat
red beans' This sentence contains a pitch rise frcm the peak
in asita to the peak in otoko wa. Oour claim is that this
rise in pitch signals an intonation phrase boundary. T he
two intonation phrdses in this sentence can be syntactically
defined; they are both constituents cf the sentence. asita
is a sentence modifier, the rest c¢f the sentence is the main
clause ccnsisting of the subject (marked in this case with
the Topic particle wa), the direct c¢bject and the verb.
Sentence 5 is very similar in structure to Sentence 22
above, except that it is made longer by the inclusion of an
indirect object noun phrase:

kyoo otoko wa kusa o uma 1ni ataeru 'today the men feed
hay to the horses!'. This sentence, as spoken by TI, has a
rise in pitch from the peak in ctcko wa to the peak in kusa
0. TIf this rise in pitch signals the presence of an intona-
tion phrase boundary, it is difficult to see +what sort of
syntactic constituent a sentence modifier, sita and a sub-
ject noun phrase, otoko wa would ke, and yet they are the
sole elements in the first intonation rhrase. There are

many examples in our data of sentences whose intcnation

phrases are not easily defimable syntactic constituents of
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the sentence. This leads us to the question of what func-
tion pitcﬁ declinaticn performs in Japanese utterances.

In Chapter 3, we cited Gardiner's definition of the pri-
mary function of intonation. He states (Gardiner 1977, cit-
ed in Ladd 1980:163) that the primary function of intonation
is to segment the sfream of speech intc rhrases and to sig-
nal to what extent the phrases are related to ore ancther
and what element within the phrase is the center cf atten-
tion. Recall also that Gardiner (1980) «claims that the
rhrases identified by intonation do not have to be syntacti-
cally well-formed. The functicn c¢f intonation, manifested
as pitch declination, which we wish to focus on here is that
of the signalling of prominence relationships between and
within phrases in utterances.

Chew, in Section 14 of his mcnograph (1961), claims that
there are two ways of putting emphasis or a sentence element
(ninor phrase) in Japanese. Cne is tc change the order of
the elements. The other is +to insert an intonation phrase
boundary directly to the left of the element. This wculd
make it the first element in an intcnation phrase character-
ized by declination. According tc Chew, 'there is no order
of...elements that does not put some slight emghasis cn at
least one of the elements [p 89].' In the 'basic order!'
there is slight emphasis on the first element of the rhrase
which contains the verb. Warkentyre (1¢78) makes a similar
cladng Chew gives the following example (/ marks the into-
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