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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 t~e 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 intonatiori. 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 

suggestea that pitch does tend to decline in longer 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 

out. After extracting the 

native speakers was carried 

fundamental frequency (F0) 

contours of the utterances, the Fp peaks associated with the 

l~xical 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 is in 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 behuviour 

of pitch in Japanese utterances than do the auditory 

analyses on which previous studies have been based. 

rofessor Henry J. Warkentyne 

midt 

Professor Paul M. Baker 
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Chapter I 

I BTBODOC'F.'ION 

This study has two objectives. on t}e 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 

whi~h has wide currency in the world's languages. Pi tcb 

declination, also known variously as downdrift, downstep and 

the declination effect, refers to a gradual lowering of 

pitch and a narnowing of pitch range from the beginning to 

the end of an utterance (Pierrehumbert 1980:116). This pat­

tern has been found in languages as divers~ as Dutch (Cohen 

and 't Hart 1967), Danish (Thorsen 1980), Serbo-Croatian 

(Lehi ste and 
. ,; 

Ivie 1978), French, Finnish and English 

(?ierrehumbert 1980). In some of the tone languages of 

Afri:: a, pitch declination is so marked that High tones near 

the ena of a sentence can actually be phonetically lower 

than l::>w tones near the beginning (Gleason 1961:298}. It 

has been suggested that pitch declination is so widespread 

as to constitute a universal feature of intonation, and 

hence, of language (Bolinger 1964). If it can be shown that 

- 1 -
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pitch declination .is the characteristic unmarked intonation 

pattern for Japanese, this will lend 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 freguency cont­

ours of neutral declarative sentences proa.uced by native 

speakers of standard colloguial Japanese. Fundamental fre-

guency (FO) is the primary acoustic correlate of pitch 1 

(Lehiste 1970:54). Intonation is a term whose definition 

ranges from the very broad--Intonation is the melody of 

speech--to the narrow-- Intonation is systematic variation 

in the fundamental freguency cf 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. In later sections of this thesis we shall 

discuss the form, function and domain of pitch declination 

as an intonational 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 frequency 

1 ~he terms pitch ana fundamental freguency can 
be distinguished in certain contexts, but, 
they can be used interchangeably with each 
other and they will be so used here. 

and shculd 
in general, 

implying the 
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values in speech, we must be able to separate the FO varia­

tions in the aconstic signal which are the consequence of 

word level accent from the variatior.s 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 proce~ses 

involved in the coding/decoding cf tcnal features . 

Consider for a momer.t tr.e task of the hearer in recover­

ing tonal values from the acoustic speech signal, primarily 

from fundamental frequency. In a language which lacked 

intonation, the recovery of tonal values, whether resulting 

from tone or word accent, would be a relatively simple task . 

There woula 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 ais­

tinctions between accented and unaccented syllables realized 

as a sequence of High and Low tones would be matchen 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

guage, a three- way distinction i 11 t anal values could be 

use:1, Figh and Low for word accent, Extra-High for prcmi­

nence. The spea~er's pitch range would then be simply 
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divi::lea into three subranges corresponding to the three 

tones, one-third to each. In a language ~ith no intonation, 

many more categorical distinctions in tone or accent, and 

rather fine nuances of prominence relations could easily be 

coded into FO; 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 Fl us or min us 1 Hertz, 

Lehisb=i 1970). Linguists studying tone languages have 

touna, however, that the number of categorical distinctions 

utilized in even the most elaborate tone systems represents 

a tiny fraction of the number possible in terms of the human 

capacity for distinguishing among vocal pitch values 

(Anderson 1978:146). The reason for this is obvious: lan­

guages make use of pitch for other than tonal distinctions. 

All languages have intonation and to borrow 

Pierreh umbert 's (1980:117) analogy, intonation has the 

effect of continuously va.rying the graph paper on ,;.ihich ton­

al values are mapp8d as fundamental frequency. Under this 

con1ition, it is easy to see that the hearer's capacity for 

recovering a large number of tcna 1 distinctions from funda-

ment~l frequency is considerably reduced. If intonation 

were entirely random (which, of course, it is not) then the 

task of the hearer in recoverin1 tonal 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 be re~overed 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 ~uestion 0£ what the domain of 

pitch declination is, and given its domain, what its form 

is. ~hese three aspects of the phenomenon, its form, its 

domain and its function must be keft in mind as we look at 

the non-acousti~ and acoustic evidence (in Chafters 4 ana 5} 

for pitch declination being the basic intonation pattern of 

Japanese. 



Chapter II 

THE PHYSIOLOGICAL BASIS FOR PITCH DECLIBATION 

2 . 1 PHYSIOLOGY ~~g WBIWERSALITY 

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 common 

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 language 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 fhysiological and psychological explanations can be 

found for the pattern of pitch declination? Bolinger sug­

gests that •the only indefectibly univ ersal aspect of funda­

mental pitch is its association with the muscular tension of 

the whole organism [p 843]. ' Pises 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 of utterances . When 

- 6 -
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rises and falls in pitch are used intonationally in language 

they involve a •simulation ' of tension and relaxation wr.ich 

serves a linguistic purpose . The idea that pitch patterns 

in language involve si~~lstiQ~ of actual psychophysiological 

states of tension/relaxation removes the necessity for us to 

find pitch patterns which are ccmfletely alike in detail 

across languages--languages may differ in the way they 

exploit the tension/ relaxation dicho t omy . Whatever the psy­

chophysical 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 TH E ARCHETYPAL NOR~AL BREA~B GRQ~E 

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 consequence of the opening and clcsing of the glottis 

under conditions of positive air flow f ram the lungs . The 

fundamental frequency of pbonation is directly proportional , 

ceteris Earibus, 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 



8 

articulatory effort, Lieberman maiLtains that in the •arche­

typal normal treatb-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 attrirutable to the falling 

subglottal fressure. Lieberman allows, however, that the 

acoustic pattern which is to be associated with the 1 normal 

breath-group' can be the result of other articulatory ges­

tures on the part of the speaker. In 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 

ini ti ally and 

by a rapid increase 

then a gradual fall 

in subglottal pressure 

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 segme_nt speech into sentences in !=O many languages 

[1967:42].' 

Ohala (1978) cites evidence that pitch declination cannot 

be attributed simply to falling subglottal pressure during 
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He observes that the magnitude of pitch decli-

nation as it is found in speech, •usually exceeds what could 

be accounted for by (subglottal pressure] variation [p 32].' 

Ohala believes instean that the effect is due to active lar­

yngeally caused changes in voca 1 cord tension. lieberman 

allowed that speakers could use different sets of articula-

tory gestures (including changes in 

simulate the archetypal pattern 

vocal cord tension) to 

characterized by falling 

subglottal pressure and decline in fitch. We can speculate 

that what begins as an innate physiologically determined 

pattern in the cries of infants is exfloited linguistically 

and by means of other articulatory gestures in adult lan­

guages. 

2.3 THE PERCEPTUAL COBSE.Q!!ENCES OF PITCH DECLINATION 

Whatever the physiological basis for pitch declination, 

if any, there is some evidence that it has a perceptual 

consequence. In experiments reported by Pie:r::rehuml:ert 

(1979), English-speaking subjects 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 egual even though the second 

peak was actually lower in pitch than the first. The sub­

jects' perceptions were also affected by tPe overall pitch 

range of the sample and by the length of the utterance. 



10 

This suggests that there is a normalizing process involved 

in the perception of pitch in utterances. A peak does not 

have tote as high later in a sentence in order to express a 

given degree of prominence since the hearer corrects fer a 

certain decline in pitch based on the overall pitch range 

and length of the utterance. Pierrehumbert later applied a 

formulation of the declination ~ffect to the synthesis of 

neutral English declarative intonation with very good 

results ~ierrehumbert 1981). 



Chapter III 

THE LINGUISTIC ROLE OF PITCH DECLINATION 

3.11 THE PHRASING FUBC'FIOB 

All the research discussed above focussed on the possible 

physiological mechanism(s) responsible for pitch declination 

and on its perceptual conseguences. ~hat linguistic role 

does pitch declination play in language? In dismissing 

Lieberman's claim that pitch declination is 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 (Oha la 1 978: 32) • It seems 

likely that intonation's primary linguistic function i£ in 

signalling the organization of utterances into phra£es, 

clauses, sentences, and the like. Intonation not only marks 

the boundaries between phrases, clauses, etc., it also £ig­

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 Ladd 1980: 163). Pitch decli­

nation would tea 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 f!1f~ DECLINATION ABD ~!~I!! 

Sorensen and Cooper (1980,Cooper and Sorensen 1977) 

investigated the relationship between pitch declination 

~hich they refer to as FO declination) and syntactic boun­

daries in English . They formulate a pitch declination rule 

(the mopline 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 Their Topline Rule (1980) 

applies to utterances characterized by a single line of FO 

declination; it predicts the pitch values of intermediate 

feaks with an accuracy of better than flus or minus 5~ 

(Sorenson and Cooper 1980:ij15). ~orensen 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 line of FO declination depended en the length of the 

utter~nce; the initial peak was higher in longer utterances. 

This suggests that a certain amount of preplanning on the 

2 Not all the FO peaks in the utterance are on the Topline. 
On a graph of time versus fundamental freguency, the 
Topline is a line whose reference points are the last FO 
peak in the utterance and a 'key roint' which occurs half­
way between he first and last peak on the frequency axis 
and one guarter of the way between the first and last peak 
on the time axis . ~he 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 freJuency contours in speech. Having discovered the 

form which FO declination takes in English, Sorensen and 

Cooper address the issue of whether the domain of FO 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. If we refer to the dcrrain of ~O declination as 

the 'intonation phrase', leaving unspecified the possible 

syntactic characteristics of such a phrase, a sentence con­

taining more than one clause could ccnstitute a single into­

nation fhrase or be made up of two or more intonation 

phrases.3 If all the intermediate FO peaks of a sentence 

fall on a line of declination defined ty the Tofline Fule 

with reference to tbe first and last feaks in the sentence, 

then the sentence must constitute a single intonation 

rhrase. 

phrase, 

If each clause in the sentence is an intonation 

i.e. 

the clause, 

if the syntactic dcmain of FO declination is 

then ~ach clause woula be characterized ty a 

line of declination defined with reference to the first and 

last peaks in 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 common English example of the difference ffiight te 
a) We' 11 go on a picnic tcmorrow if the weather holds out. 
b) 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 intonation fhrase tcun­
dary after 'holds out•. 
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declination should be identical . 1his situation would 

involve a complete resetting of FO declination at the clause 

boundary . Partial resetting might also be possible . Under 

conaitions 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 not 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 declination 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 . ~he sites for the peak and 

valley me~surements which defined the fall- rise pattern were 

carefully matched for phonetic content . 4 They found that the 

fall-rise pattern from the last peak in the first clause to 

the initial peak of the second was more pronounced across a 

main clause- main clause boundary than across a main clause-

embedded clause boundary . The data did not support a 

hypothesis cf complete resetting of the declination function 

in either case since the initial peaks in the first clause 

4 Example (Cooper and Sorensen 1977:€85) 

a) Anthony was surE£i~£ and ]~ymcnd became upset . 
(Main clause-main clause) 

b) Anthony was sur£~is~g Ang~~~ became upset . 
(!'! ain clause-embedded clause) 

The underscored syllables contained the FO peaks . 
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were consistently higher than t~e initial reaks of the 

second clause. Cooper and Sorensen do not rul€ out the pos­

sibility of partial resetting but their experiment did not 

test for it. They do conclude, en the basis of this and 

other experiments, that the magnitude of the fall-rise rat­

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). 

~he fact that (partial) declination resetting may occur 

at syntactic tounaaries does not necessarily imply that 

intonation phrases have a syntactic domain. Nuch as pauses 

occur other than at syntactic constituent boundaries so are 

intonation phrases not necessarily co-extensive ~ith syntac­

tic uni ts. Intonation and syntax perform separate func­

tions. Intonation has to do with the organization of 

utterances, syntax with the organization of sentences; into­

nation performs a communicative, syntax a grammatical func­

tion (cf. Danes 1960). It is true that utterances are often 

sentences, and so we might speak cf a 'sentence' intonation; 

it is true that intonation r:h ra .se s a re sometimes co-

extensive with clauses, 

formed by intonation 

but the communicative function rer­

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 



included in a single intonation phrase. 

puts the situation most clearly: 
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Gardiner ( 19 8 O: 4) 

.•• it cannot be said that there is any necessary 
relation between the rules cf syntax or grammar 
and the structure ~ules) of intonation ••• whatever 
(the intcnation marks] as separate phrases ~£g 
separate phrases, no matter whether the words are 
organized in syntactically well-formed phrases (or 
not]. 

Of course clauses and such can be communicative units as 

well as syntactic ones and thus they can be marked ty phrase 

intonation and be bounded by intonation phrase boundaries. 

As to intonation being a good predictor of syntactic 

~oundary strength, recall that one of the functions of into­

nation is to indicate the relationship between phrases in an 

utterance. An intonation phrase is identified ty a recogni-

zable pitch contour--the relaticnshif among intonation 

phrases can be indicated by the relative pitch level of 

these contours. Under these circumstances, there may very 

well be some correlation between the strength of syntactic 

boundaries and the 'strength' of intonation phrase boun aar-

ies which co-occur with them. 'Strength of intonation 

phrase boundary' should be interpreted as being a reflex of 

the prominence 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. If 

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 more egual in promi­

nence while an embedded clause may tend to take less promi­

nence. 

Sorensen and Cooper's main ccntribution to our under­

standing of pitch declination is their specification 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, in~onation phras~ 

in Japanese do not have a syntactic domain, they are not 

determined by the syntax. Intonation Fhrase 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 some evidence 

that prominence relations among Jafanese phrases are sig­

nalled by the degree of pitch change at fhrase boundaries. 



Chapter I'f 

NON-ACOUSTIC EVIDEBCE FOB PITCH DECLINATIOB IB 
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 Jaranese. Most of the 

authors of the studies reported below did not have acceE~ 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 surpri:2ing then 

if we failed to find evidence for pitch declinaticn in the 

non-acoustic lit€rature. 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 

Japanese. 

like pitch declination does 

- 18 -

exist in 
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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 .McCa wley ( 196 8) calls the '~inor phrase'. 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 (McCalilley 

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 Fitch 

pattern which is derived from its accentuation. A minor 

fhrase contains at most one accent which is signalled ty a 

precipitous fall in pitch after the first mora 5 of the 

accented syllable. When lexically accented forms are com-

bined in minor phrases there are accent manipulation rtles 

which, among other things, ensure that all accents but one 

will be suppressed. Pitch assignment rules, 6 which oferate 

s Morae are the rhythmic units of Japanese. Mccawley 
(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 cf Ja fa nese can be a single 
vowel, a consonant plus a vowel, or a consonant plus /YI 
plus a vowel, a syllabic nasal, or a non-nasal syllable 
final con son ant (Jorden 1955: 3fn) • 'Ih us _1okyQ /to.9k yo9/ 
has two syllables but four morae. 

6 It would protably be better to call them tone assignRent 
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~ill 

assign High and Low pitches to the morae of the minor phras-

es in the fellowing way. All morae Uf to and including the 

first mora of the accented syllable will be High and every­

thing thereafter will be Low except that the first mora of 

the phrase will be Low unless it is itself accented 

{Mccawley 1968: 137). 1 Unaccented iinor phrases will there­

fore have a low first mora followed by a seguence of P.ign 

morae up to the end of the phrase. 

In isolation, minor phrases have pitch patterns ~hich are 

maximally determined by the tones assigned to their constit­

uent morae. 1here 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): 

h~* §i g~ 'chopsticks + Subj marker• 

h~ §i* g~ 'bridge+ Subj marker' 

hs §i g~ •edge+ Subj marker' 

The first miner fhrase is accented on the first syllable and 

so will have the tonal pattern High-Low-Low. The second is 

accented on the second syllable and so will have the pattern 

rules since intonation will contribute to the ultireate 
realization of pitch in utteranceE. 
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Low-High-Low. The third is unaccented and so will have the 

pattern Low-High-High. The Subject marker~ is lexically 

unaccented and receives its tone on the basis of the accent 

of .llilfil· ■ Without the g_a, 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 Appendix D, for example, are major phrases made up of 

three minor phrases. It is in McCawley's discussion of the 

pitch shap e of major phrases? that we find an indication 

that pitch declination might 'apply to utterances 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 they are uttered in isolation), such that sequences 
of Highs in minor phrases are realized with gradually 
declining pit~h. The sequence Low-High-Low is distin­
guished fr.om the sequence Low-High-High by a precipitous 
fall in pitch between the second and third morae (Weitzman 
197 O) • 
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•subsequent minor phrases will cnly go Uf to 

mid pitch [ 138]'. This decline in pitch could perhaps be 

seen to be a consequence of pitch declination except that 

Mccawley explicitly states that the mid pitch occurs on the 

second and EYbS~SIQ~g! minor fhrases in 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 rraking given McCawley•s 

description} then pitch declination cannot be the reason for 

this phenomenon. If pitch declination were operating then 

the non-low pitches should continue to decline throughout 

the major phrase. 

Mccawley uses a cyclicB accent reduction rule to account 

for the afpearance 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. 

be low if it is unaccented.) 

(The very first mora will 

All seccndary accents in the 

8 Shibatani ( 1972) criticizes Mccawley' s use of cyclic rules 
in accounting for the behaviour of pitch in major phrases 
without however guestioning 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. 9 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 seguence 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 sequence 
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 Ja r:a ne se ( F 20]. Sequences of 

minor phrases which a.epart from this normal phrase accent 

pattern by having occurrences of pitch level 4 (or 5) in a 

non-initial constituent have a intcnation phrase boundary 

before the constituent with the higher pitch and this defar­

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. 'emr:hasis' (or strong empha-

sis in the case of pitch level 5) (Jorden 1955:20). 

Like Mccawley, Jorden reforts 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 level 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 minoI Fhiase be considered more 

significant than the fall from the second to the third, or 

the third to the fourth? We could speculate that the ini-

tial fall is guantitatively different, i.e., gieater, but it 

does not seem to be functionally different from the gradual 

descent from 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 

phrase. The initial fall and the following gradual descent 

both have the purpose of knitting together the elements of 

the phrase. Measurement of the FO patterns of JaFanese 

utterances will tell us whether there is in fact a guantita­

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 /8:. no mise de ka u h.Q.Q g.£ i j. to 

.Q.!!!211~ fgQQ/ 'I thought it would te better to buy at that 

store.' is graphically represented a c::. ~. 
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no mi SE' 

u ho 
/a de ka i 

o ga mo 
i too 

t take do/ 

In a footnote to this examfle Chew makes a very telling 

point: 

Assigning different pitch levels to /gQ ~i ~~/ and 
/g h2/ in this sentence, while assigning the same 
pitch level to /g hQ/, Iii, and /~QI in accordance 
with Jorden's [and McCawley's] interpretaticn of 
Japanese intonation, seems inconsistent to me. 
They are either all different (a fhonetic reali­
ty) , or they are all phonemically the same. [ 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 is not a stepping down from 

'phonemic' pitch level to phonenic Fitch level (as in Jorden 

from level 4 to level 3 or in Mccawley from high to mid) but 

rather it is a phonetic effect imposed on all (phonemically) 

high (&nd low) morae in the utterance. 

Chew uses this •normal accent phrase' pattern as a tool 

for determining the location of intcnation phrase boundaries 

and as an indication of their deleticn in th~ case of the 

emphasis transforms he later describes (his Sec.tion 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 



27 

an intonation phrase boundary must occur directly to the 

left of the non-initial minor fhra se. ( 'Ihi s v10 uld amount to 

complete resetting of pitch declination.) 'Iherefor:e, 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 works {p 8) : 

(1) /a 
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, /§1 ~ii is pronounced at the same 

pitch level as/~/ and this indicates that there must be an 

intonation phrase boundary between /~ni !~ and /§~§!fili Q/. 

In the first sentence, /ani ~QI and /§~§imi g/ are cloEely 

linked and together with the verb constitute only cne into-

nation phrase. 

closely linked 

In the second sentence, /~Ei ~~/ is net so 

with /§asimi g/ and the intonation phrase 

boundary between them emphasizes /ani ~~/'s status as Topic, 

even though it is already marked with the /~Y Topic marker. 

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

sis.) 
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that intonation phrase initial 

Fitch 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 of the first. 

One wonders though whether intonation phrase boundaries 

occurring later in an utterance would necessarily result in 

c ample te resetting of declination. It may be Fossible that 

declination resetting itself is enough to signal the begin­

ning of a new intonation phrase--the amount of resetting, 

relative to utterance initial pitch values, might depend on 

position in the utterance and/or prominence relations tet­

ween intonation 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 miner fhrase 

boundary (cf Chew 89ff), but Chew provides us with r.o graph­

ical representation of sentences where the intonation phrase 

boundary occurs later in the utterance. The acoustic data 

in Chapter 5 below reveal that ncn-initial FO peaks have a 

range of values, som etiroes higher, so me times lcwer, and 

sometimes similar to utterance initial Feak 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 involved. 
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Of the descriptions we have discusse1, Chew•s gives us 

the clearest indication that declining pitch is a character­

istic of intonation phrases in Jafa~ese. Haraguchi (1977), 

who works ~ithin an autosegmental framework, explicitly 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 Lew tones to the extent that a High tone in a non­

initial minor phrase will be lowered to the level of an 

immediately preceding Low. Succeeding L~ws (and Highs) 

will be lower still. It is only in 'deliberate and rela­

tively slow speech [p 30]' that fitch will rise anywhere in 

the utterance except at the very beginning. The pitch cent­

our of an utterance is then a continuously falling one, ~ith 

precipitous falls marking the accents. !he guestion 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 lig~t of tnat analysis it seems that Haraguchi 

has put his case too strongly. ~e have no reason to doubt 

that declination could apply to the extent that ncn-initial 

Highs are realized at the sam-e Fitch 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 imrrediately preceding lows 
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would not allow us to account for cases wt.ere Fitch rises do 

occur and where downnrift 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. rhe nature of this 

fall, its extent, and the way we should account for it are 

matters of considerable disagreement. 1he acoustic-phonetic 

data presented in the following chapters will prcvide us 

with a better understanding of each of these points. 



Chapter "fl 

THE PRESEN~ 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 !]] LANGUAGE DA~A 

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 Tck70 

dialect of standard Japanese. This young woman was a visit­

ing student at the University of Victoria. Two other native 

speakers were also recorded. One was a middle-aged Japanese 

woman (MW) who has lived in Canada for: a number of years, 

and the ether was a young man (MF), who is also a visiting 

student from Japan. All the subjects were recoraea indivi­

dually in a sound insulated rocm. The recording was done 

using a Sony ECM-22P microphone, a Revox model A77 dual 

track tape recorder and 1.5 mil Scotch 176 Audio Recording 

Tape run at 7. 5 ips. 

- 31 -
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In all studies of intonation it is necessary to be aware 

that intonation has linguistic and non-linguistic aspects. 

The so-called attitudinal aspect of intonation, the use of 

pitch to signal emotional states, or speakers' attitudes 

toward their utterances or toward their interlocutors, is 

non-linguistic; it belongs to the realm of what Abercrombie 

{1967:103} calls •vocal gesture•. In its linguistic aSfECt, 

intonation communicates linguistic information atout the 

utterance. Many studies have focussed on the relationship 

of grammatical sentence types to particular intonation cent-

ours ( Ha dding-Koch 1961, for example) • ~e are focussing on 

intonation as a cue to phrasing. This is the function which 

Gardiner (1977) identifies as intonation's ~rimary linguis-

tic function. Lebiste (1970:95) 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 to be kept 

separate, 'there is no effective ard universally applicable 

methodology for achieving this separation (p 96].' ijith this 

in mind, the sentences which were used in this study were 

constructedto and presented to the subjects in a way calcu­

lated to minimize the effect of non-linguistic variatles on 

their intonaticn. 

10 The sentences were constructed with the help of a native 
speaker of Japanese who was not otherwise invo~ved 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. In 

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 make the subjects as 

comfortable as possible and the recording sessions were kept 

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 t'.o 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 ordinary words, some attention was 
I 

paid to their phonetic makeup. As far as possible, the lex-



? 
34 

( 

ical items contained voiceless conscnants . ~ This ~as simply 

a convenience in that the presence of voiceless segments is 

a considerable aid in the later segmentation of FO traces of 

recorded utterances . A second criterion applied in the 

selection of lexical items was that accented forms ~ere giv-

en preference over unaccented forms . In the case where all 

the lexical i terns, nouns, verbs, and modifiers, which are 

involved in a sentence are accented , there will be a minor 

phrase boundary after each. In the case of unaccentBd lexi­

cal items, some of the phrase boundaries may te absent 

{Mccawley 1968:177) . Since we were interested in the tehav­

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 guality has 

been shown to have an effect en the intrinsic fundamental 

frequency cf vowels {Lehiste and Peterson 1961, Peter~on and 

Barney 1952): in 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 found 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 used an atypical 'sing- song' rhythm and so they 



35 

rejected this approach. To avoid this problem and to [ake 

the selection cf lexical items easier, no attempt was made 

to standardize the vowels in these £entences. 

5.2 SPECTRUtt GENERATION ANR FUND!~EH1~1 l~]QQl~~X 
EXTRACTION 

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 fUrfcse of segmentation 

on the other. ~he components of the system included an FJ 

Electronics Fundamental Frequency Meter (rype FFM 650), a 

Digital LSI-11 mini-computer equipped with a 12-tit analog 

to digital (A/D) converter, and an IBM 4341 mainfiamE com­

puter running under VM/CMS with a variety of peripheral out-

put de vices. (See schema tic in Append ix B.) The samE tape 

recorder was used for playback as for: recording. 

In order to generate a spectral representation of the 

test i terns, one of two identical outfut signals from the 

tape recorder 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 

i:er octave. The voltage of the filtered signal was then 

sampled (at a sampling rate of 1 OkHz) by the A/D ccnVEiter 

and the resulting time series was stored initially in the 

core memory of the LSI-11 mini-computer. ~he analcg filter 

setting and the sampling rate are based on Shannon's sam­

pling theorum which states that 



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). 
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Since the greatest portion of the energy of Sfeech is con­

centrated in a frequency region well below 5000Hz, this fre­

quency was selected as the cutoff freguency for the limited 

signa 1. This procedure of filtering and then sampling the 

speech signal output of the tape recorder can accurately 

represent, as a time series, 

which are below 5000Hz. ' 

the components of the signal 

Once the sampling routine has begun, the A/D converter 

periodically samples the input signal 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 does not 

begin until the input signal contains a voltage equal to, or 

greater than, a pre-set trigger voltage. 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 nini-computer at one time 

is 12,500. This means that, at a sampling rate cf 10kHz, 

the maximum duration of the signal which can be captured is 

1250 milliseconds (ms} o,r 1 • 2 5 sec c nd s. Since some of the 

test i terns we,re longer than this, they had to be captured in 

two sections. A dtlay time option, which specifies that 
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capturing not begin until a certain time has elafsed 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 

sec ti on, 1250ms, was specified and capturing did not I:; egin 

until this delay time had elapsed. 

The scftware package under which the sampling and storage 

routines operate includes an editing routine which provides 

for •digital to analog (D/A) playback. 'Ihe D/A playtack was 

used for auditory checking of the captured signal. 'Ibis 

auditory checking was necessary to ensure that the relevant 

fOrtions of the input signal were captured. (Later, wten­

ever the digital spectra were a mb igucu s as to the boundaries 

between segments, D/A playback was used to resclve the 

ambiguity auditorily.) If the test item was properly cap-

turec, the time series was given a filename and \olas stcred 

on floppy diskette. Later this digital representation of 

the audic signal was transferred to the IBM mainframe compu­

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 

freguency, amplitude and phase. Under certain circumstanc-

es, a time series derived from the complex speech waveform 

can be transformed into a spectral representaticn wbich 
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separates the component frequencies of the complex waveform 

while conserving information about their relative amfli­

tndes. ~he audio time series generated by the .mini-computer 

were subjected to a Fast Fourier Transfcrm (FFT) frocedure 

on the 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

quency dcmain, the spectrum of a sfeech signal allows us to 

identify individuql speech sounds. We used this information 

to reliably segment the captured test items into spEech 

sounds and words. Once the segmentation of the test items 

into speech sounds an1 words was done, this information was 

· applied to the fundamen~al frequency contours, obtained via 

a separate procedure d~tailed below, so as to relate funda­

mental freguency values to specific speech segments. 

A second output from the tape recorder was passed through 

the Fundamental Frequency Meter. This instrument USES a 

combination of high and low pass filters to isolate the fun­

damental freguency 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 proportional to the reciprocal 
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of the period of the fundamental (FJ Electronics Reference 

Manual). The output of the FO meter can be directea to a 

mingograph but in this case it was directed to the A/D con­

verter of the mini-computer. The output signal was samfled 

at a rate of 1kHz and a time series was generated for each 

test sentence which represented the fluctuations in the vol­

tage of the signal. The capture of these FO time series was 

initiated by the same triggering device, set at the same 

level, which initiated the capture of the ccrresponaing 

audio signal. The triggering device sensed the other output 

of the tape recorder routed as before through the analog 

filter. 1his procedure ensured that the two time series 

representing different aspects of the same sarrple began at 

the same temforal point. !he FO time series were stored 

locally on floppy diskette before being transferred to the 

mainframe for further fIOcessing. 

Both the digital spectra and the FO time series could be 

printed in digital form; both could be displayed digitally 

or graphically on a video display terminal. In addition the 

FO traces could be hardcopied usirg a Tektronics hardcopy 

device. Sample FO traces are included in Appendix c. 

Since the continuous voltage output cf the FO meter and, 

cf course, the resultant time series are only proportional 

to the freguency 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 freguency. 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 freguency values of the input signals. 

The relationship between the two was determined and a con­

version function derived. This function was applied to all 

of the FO time series before disflay and so the output is 

scaled as freguency (in Hertz) over time. After the con ver­

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 freguencies of the FO peaks. 

A comparison of the digital spectra o:f the audio time 

series with the FO time series was made and segmentation of 

the latter was carried out on the tasis the segmental ccrrpo­

sition of the former. At this p cint, the test i terns were 

represented by segmented FO time series and the selection of 

the relevant fundamental freguency values could be made . 

5.3 !!!] IIEASUREllENT .Ql FUNDAMEN~AI. £'.RE.QUEBCY PE!~~ 

Since the fundamental freguency of speech varies ever 

time, the FO of a particular speech segment, mora, -.ord, or 

sentence is not a single datum. All wcrk with FO reguires 

some form of data reduction--the selection or abstraction of 

a single significant value or of a relatively small number 



of values (Sorensen and Cooper 1980:403). 
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In the present 

study the values which seemed most useful for the character-

ization of intonation in Japanese were the FO feaks associ-

a ted with each minor phrase in an utterance. This is 

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, 

trace. 

since FO peaks are relatively easy to locate on an FO 

Even though FO peaks are relatively easy to locate, care 

had to been taken to avoid the selection cf s i:: u:ri cus peaks. 

In order for a data point to be selected as representing an 

FO peak, it had to be consistert with its neighbours. 

jSometimes momentary peaks appear in the FO trace which do 

not represent actual ~O values; this is especially true when 

speech in tensity is 1 ow • These spurious peaks are an arti-

fact of the measurement procedure ar.d as such are not valid 

data and should not be selected. Another consideraticn in 

the selection of peak values was the fact that FO often 

changes very rapidly in the region of an .fO F eak. 

Consequently a time window of 10ms was applied to the cent­

our in the region of a peak and the freguency value which 

appeared most of ten in that span (the mode) was assigned to 

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

\ i 
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of the steady state was selected as the location of the 

peak. 

Relatively short term perturbations in FO are to be fcund 

in the region of segment houndaries, particularly when the 

boundary is between a voiceless 

(Hombert 1978, House and Fairbanks 

obstruent and a vcwel I 
1953) • 

. '? 
It is unlikely 

that these perturbations, which are the result of coarticu-

lation, represent significant features cf intonation. 

Inspection of the FO traces of the the Japanese sentences 

under analysis revealed that these mcmentary perturtations 

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. 

Once the fundamental frequency feaks had been identified 

they were recorded along with their locations. 1he location 

of the first peak in the utterance was set to zero. The 

location of each subsequent peak was recorded as the elafsed 

time (in ms) from the first peak. For the purpose of ccm-

parison among sentences, the length of each ~as 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 

1981) • 

(Sorensen and Cccper 
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5.q PITCH DECLINATION IN JAPAN~SE 

Even a cursory examination of the ~O 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. In order ta rrovide a statisti­

cal basis for the description cf 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 freguency cf the FO 

peaks (PEAKFO), their location in the sentence (SENTFCS}, 

and their associated time of occurrence (TIMEPK) were coded 

along with the length of each utterance in wcrds 1 1 (LEN UTT) 

and in time (TIMEUTT). 

Since we were unable to contrcl for vowel quality in con­

structing the sentences, the height of the vowels (HILO) 

during which the F0 reaks 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 following way. The vowels /i/ and /u/ were considEred 

to be high, all other vowels were considered to be 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 to now 
been calling minor phrases. Minor phrases pattern in 
most respects as words and •word' is a less cumbersome 
term than minor phrase. SEN1POS is also coded in words, 
i.e. SENTPOS=1 refers to first wcrd in a sentence, 
SENTPOS=2 refers to the second a.nd so on. 
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which devoices /i/ and /u/ when they occur betlieen ___t_xo. 

voiceless conspnan ts. (Haraguchi 1~77:35) • Acoustic evi a Ence 

for the effect of vowel height en fitch suggests that /i/ 

and /u/ have the highest intrinsic FO while /a/ and /o/ tave 

the lowest (Lehiste and Peterson 1961). The other relevant 

vowel /e/ is somewhat 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 containir.g low vowels 133 times, in syllatles con­

taining high vowels only 39 times. No consistent effect of 

vowel height on the fundamental frequency cf the peaks in 

these sentences was detecten. 

The primary variables, the ones which allow us to charac­

terize the general pattern of intonation 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 designations T1, T2, ••• Tn refer to 

the times of occurrence of P1, F2, .•• Pn, respectively. The 

FO peaks of all the three-word sentences of speaker TI are 

shown in the form of a scattergram flat in Figure 1. 

T~e Condescriptive Statistics sub-routine of SPSS yielded 

means and standard deviations for the freguency and time of 

occurrence (t) of the peaks of each sentence. Table 1 fre­

sents these measures for the three-word sentences of subject 

'II. The mean PEAKFO and '!'IMEPK values in Tal::le 1 are 
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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). 

'T'ABLE 1 

Means and standard deviations of values of FO 
peaks (Hz} and associated times of ace urrence (ms) 
for each peak in the 3-word sentences of sutject 
TI. Number of cases= 24. 

P1 ,T 1 P2,T2 P3, T3 

---- ---- -----
FO 276. 258. 198. 
SD 12.4 11 • 9 14.9 

t o. 539. 1 020. 
SD 0.0 129.0 232.9 

The negative correlation between the two variables only con­

firms what can te 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 All numerical correlations and significance figures ~ere 
produced using the Scattergram sub-routine of SPSS. The 
symbol E represents the Pearson product-moment corrEla­
tion coefficient and~ 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 fEaks 

were somewhat lower in F0 than those of TI. The mean fre-

guency and time of occurrence of the ~o 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 be found in 

Appendix G. 

TABLE 2 

Means and standard deviations of values of F0 
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,'l2 P3 ,T3 

---- ----- -----
F0 257. 230. 183. 
SD 6. 1 11. 4 6.9 

t o. 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, 

Because cf the smal 1 number of cases ( N = 6) , this corr ela­

tion cannot be considered as statistically valid and must be 

viewed with caution. Still, the fact that it is so high, 
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and that the pattern of FO 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 calculated in 

semitones13 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 semi tones. 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 fl.alls 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 
1 

which, you will recall, is the o'pposi te 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 repr·esents the perceived difference in pitch 
between two sounds. Twelve semi tones equal one octave. 
A sound which is one octave higher in pitch than another 
is twice the frequericy of the other. Change iri pitch in 
semi tones was calculated using the formula: s = 3 9. 86 
log F2/Fl', where ~ 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 TI are pre~ented in Figure 3. The 

pitch of P1 is set at zero semitones as a re~erencE 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 PEAKFC 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 P3, but 

it does not decline from P1 to PL. A look at the peak 

values for the actual sentences (Affendix 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 same 

or a higher frequency than P1. The mean F0 and standard 

deviations of the F0 peaks of the three-word sentences of 

MF, along with their times of occurrence are to be found in 

Table 3 below. The correlaticn cf PEAKFO and TIMEFK for 

this speaker was again negative and significant (r = -0.70, 

p < 0.001) 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 P1 and P2. Why is this 

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

Means and standard deviations of values of FO 
peaks (Hz) and associated tirres of occurrence (ms) 
for each peak in the 3-word sentences of sutject 
MF. NumbEr of cases= 8. 

P1,T1 P2,T2 P3,T3 

--- -----
FO 185. 185. 137. 
SD 7. 1 16.9 14.4 

t o. 899. 1570. 
SD o.o 1 91 • 6 254.1 
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speaker I1F consist of sentences in which word crder was 

systematically varied. Although word order is rElatively 

free in Jafanese, some word orders are mere marked than oth­

ers, esfecially if they depart from tbe basic sov oraer. 

While all of the sentences are grarrmatical, some are less 

likely to occur than others. Unfcrtunately there does not 

seem to be any systematic way to account for the tebaviour 

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 lack of apparent systematic variation in the 

pitch contours of these sentences may also be a result of 

the peculiar liay 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-word sentences of TI 

and MW. An inspection of the PO traces and th€ digital 

spectra of MF's sentences reveals that the reason for this 

was that MF spoke very slowly and deliberately, leaving fer-1 

ceptible pauses between lexical ite~s. MW and TI spoke much 

more quickly and did not pause between lexical item£, utter-

ing each sentence as one three-word phrase. 'Ihe atypical 

deliherateness with which MF uttered the sentences suggests 

that he was highly conscious of the recording situation and 

that conseguently his intonation fatterns were not those he 

would use in normal speech since rrost Feople do not fause 

between every word in normal speech. '!he 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 rrean 

change in pitch from P1 to P3 for MF was -5.5 semitones 

which is very similar to the values obtained fer !I and M~ 

(-5.5 and -5.9, respectively). Tbe change in pitch from the 

beginning to the end of the three-word sentences of 

three speakers was approximately one-half octave. 

The statistical data for the four-word sentences 

speaker TI appear in Ta~l~ 4 and the FO feaks are graphed 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 for the 

four-word sentences of .this speaker (r = -0.84, p < 0.001). 
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TABLE 4 

Means and standard deviations of values of F0 
peaks (Hz) and associated ti~es of occurrence (ms) 
for each peak in the four-word sentences of TI. 
Number of cases= 15. 

P1,-T1 P2,'I2 F3, 'I3 P4,T4 

----- ----- ----- -----
F0 278. 253. 251. 195.0 
SD 11. 1 20 .2 8.4 10.9 

t o. 514. 1030. 1431. 0 
SD o.o 156.0 150. 4 139.7 
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Fundamental frequency declined from P1 to P2 in ten of 

the fifteen sentences. In three cf them F0 was the same for 

~1 and P2 and in two FO increased from P1 to P2. In eight 

of the sentences fundamental frequency declined from P~ to 

P3; in six it went up, sometimes substantially; in one it 

remained the same. The mean fall jn fitch, P1 tc P4, for 

all of 'II's four-word sentences was -6.3 semitones, or 

slightly more than a half-octave. 

In ten of these sentences FO increased either from P1 to 

P2 or from P2 to P3. If we want tc acccunt for the intona-

tion pattern of Japanese sentences in terms of pitch decli-

nation, we must decline over the explain why FO failed to 
I 
I 

whole length of these sentences, why, in fact, it rcsE scrne- ) 

where within them. T·he vast majority of the three-liord sen­

tences of this speaker declined in pitch from beginnins to 
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ena.14 In the four-word sentences, we see breaks in the line 

of de~lination, with rises in F0 occurring between intermed­

iate peaks. If the break in the line of declination occurs 

between Pl and P2, F0 declines from P2 to P4. If the break 

in the line of declination occurs between P2 and P3, F0 

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 does not have \ 

to occur, and we have the evidence of the four four-word 

sentences in which F0 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 t:he 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 disjunccure 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 ' F0 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, F0 rose from Pl to P2. 
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tences of 11 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 fro~ P1 to PS for these 

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

'IABLE 5 

Means and standard deviations of values of FO 
peaks (Hz) and associated times of occurrence (ms) 
for each peak in the 5-word sentences of sutject 
rrr. Number of cases = 8. 

P1,T1 P2,T2 P3,'I3 F4,T4 F5,'I5 

---- ----- ----- ----- -----
FO 271. 25 o. 260. 246. 195.0 
SD 13.7 11. 0 11.3 18.7 10.0 

t o. 4 28. 116 9. 1652. 2C::6.0 
SD 0.0 66.1 134.5 182. 2 210.0 

A look at Figure 5 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 show a rise between P2 and P3, one neither rises 

nor falls. Of the others, in sentence 1:2, FO falls through­

out; in Sentence 3, PO rises from P1 to F2, falls from F2 to 

P3, and rises again from I3 to P4. Sentence 12 shows that 

pitch £~n decline throughout the length of even a longer 

sentence. The others show that it usually 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 F3 to the end in all of them 

(actually Sentence 38 has the same pitch for P2 ana F3) . 

Sentence 31 has two contiguous rises in Fitch, from P2 to F3 

and from P3 to P4. 

What is the best explanation for the behaviour of pitch 

in all of the sentences? ~he pattern of the three-wora sen-

tences of TI ana M~ 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 o~ 

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 some­

where, with the preferred position being between the second 

and third feak. Again the peaks en either side of the pitch 

rise decline from one to the next.ts The best explanation, 

without atanaoning the hypothesis of pitch declination, 

which the data from the three-word sentences so clearly sup­

port, is that the longer sentences have intonation fhrase 

toundaries within them and that each intonation phrase is I 
characterized by pitch declination. 

ts Only one sentence (Sentence 31) 
in pitch. 

has two contiguous rises 
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5.5 A RECONSIDERATION OF THE NON-ACOUSTIC EVIDERCE 

Previous descriptions and analyses of the tehaviour of 

pitch in lcnger Japanese utterances must be re-considered in 

the light of the acoustic evidence presented atove. 

Mccawley' s analysis (Chapter 4. 2 ab eve) 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 fhrases 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 fhrases. It is 

hard to i~agine that each of these minor phrases contains 

pitches which are a consequence of different strength 

accents. If the first and second rrinor fhrases have primary 

and secondary accents which are realized as high and mid 

pitch respectively, one wonders what sort of accents the 

third and fourth minor phrases have. 

Mccawley does allow that there is a rule which, under 

He certain circumstances, deletes minor phrase boundaries. 

gives as an example (1968: 179) the major phrase: 

ittara 1 ii Qf§Q ka •how would it be best to go'. 

.QQQ % 

(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 fronunciations. In one, 

the% between the first two minor fhrases is deleted yield-
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ing QQQ ittara, ii desu !~- McCawley's accent reduction 

rule (p 173) applies first at the minor phrase level reduc­

ing the accent in 111~£~ to a seccndary accent and then 

again at the major phrase level reducing it still further to 

tertiary accent which is •not pronounced'. 1his means that 

only QQ in the first phrase and the first i in it g~2 ~ ka 

have non-low pitches, high and mid respectively; all other 

morae are low. In the other alternative prcnunciation, tbe 

first ~D£ second% are deleted arid the operation of the 

cyclic accent reduction rule ensures that only QQ is real­

ized with high pitch--all other morae are low. The fitch 

falls from the first mora of the fhrase to the second and 

there are no subseguent rises (er presumably falls) in pitch 

after this. There can be no rises in pitch tecause 

McCawley's pitch assignment rules make explicit reference to 

minor phrase boundaries in their assignment cf low pitch to 

the fi£§i mora in a minor phrase. Recall from 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, betwe8n 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 gg . 

McCavley's accent reduction rule, even with the addition 

of the minor phrase boundary deletion rule above 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) !1!!.§!!.!!l,g SI£ .Q,i.Q,K.Q .!!.1 l.!£~£ .Q ataeru 'The daughter 

gives the man flowers.' ~his sentence would start out with 

boundaries between each of the mircr Fhrases. Since the 

pitch of the FO peaks of each of the Fhrases declines ever 

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 McCa~ley to account 

for the irrtonation ef this sentence. In a sentence like: 

20) !.Y.QQ 

throws pebrles into the pond.' whoEe Fitch rise from P2 to 

P3 might signal the presence of a major phrase boundary ret­

ween .Q,iQfQ g~ and i§i Q, Mccawley might conceivably te able 

to account for the Fitch centaurs of each major rhrase, 16 

but re cannot account for the fact that the FO peak in !§i Q 

is considerably lower than that ir t_~~.Q- If both these 

phrases are the leftmost in a major phrase then they should 

both contain equally high pitcheE. 

Eleanor Jorden•s analysis (1955) fares somewhat tetter 

than ~ccawley's in the light of the acoustic evidence. 

Recall that Jorden describes the pitch of a major fhrase as 

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

and from alternant to lower alternant thereafter . There 

16 In this sentence there is no rise in pitch from the first 
to the second rnora of the last minor fhrase, the FO peak 
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 consequence of the deletion of the 
minor phrase boundary bet ween i~g ni and l@g~fg. 
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seemed to be no functional or qualitative reascn, and Jerden 

does not give cne, why the the fall in Fitch from the first 

to second minor i:hrase is treated differently from su ts e­

guent 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 FO traces rEveal that 

the greatest fall in pitch is frcm the next-to-last to the 

last minor phrase and that, a~though the mean Fitch fall 

from the first to the second peak is greater than the mean 

fall from the second to the thira,1 7 in farticular sentences 

the fall from P1 to P2 is sometimes 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 P3 it is -0.7 semitcnes. In Sentence 16, the 

fall from P1 to P2 is -0.6 semitones while the fall fro~ P2 

to P3 is -1.4 semitones. Jorden would treat the greater 

£all in pitch near the end of the major: pl:rase as being a 

conseguence of an 'intonation morph' ( 1955: 27) which affects 

pitch at the end of a fhrase. !here seems to be no reason, 

however, to consiaer a fall in pitch in one location 'Fho­

nemic' and a similar fall in anotter locatior. a matter of 

'alternants'. We only need speak of 'Fhonemes• 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 

1 7 This does not apply to the three-word sentences. 
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they take are a conse~uence of intonation and the systematic 

variation in pitch over major phrases is best describEd in 

terms of phonetic rules of the sort suggested by Chew (in 

Chapter 4.2 above). 

Chew•s description cf 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. In ChaptEr 6 

below, we will discuss the use Chew makes of intonation 

phrase boundaries in his •emphasis transforms'. Jcr no~, it 

should be feinted out that the cccurrence of an intonation 

phrase boundary in our sentences did not necessarily involve 

complete resetting of the line of declination as it does in 

Chew's descriftion. It is often the case in our data that 

the utterance-initial FO peak is not the highest peak in the 

utterance (Sentences 3, 22, 25, 34, 35, and 36) and, more 

often stillt a rise in pitch frcm one peak to 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, 29) • The f'act of the rise frcm one peak to the next is 

enough to signal the phrase foundary; the amount of the rise 

probably depends on ot~ things. To fUt it another ~ay, 

thete is a categorical distinction between falling pitch as 

a part of a intonation phrase centaur, and non-falling (i.e. 

leve 1 or rising) 

intonation phrase. 

pitch as a s igna 1 for the start of a new 

mhe 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 pbrase. 18 Chew•s reguirement 

that the Fitch rise to utterance-initial level after an 

intonation phrase boundary is incorrect. 

Haraguchi (1977) errs in the ether direction. His formu­

lation of the Downdrift Pule (p 30) requires, except in the 

most deliberate speech, that there be n~ pitch rises within 

the intonation phrase, not even the accentual rises from tbe 

first to the second mora in each minor fhrase. 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 

(p 31ffl, which accpunts for the rise in pitch from the 

first to the second mora of a minor phrase, is •crucially 

nependent 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 voicing 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 

Even when a voiceless consonant intervenes tetween 

1a '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 nc lcnger than 

silent intervals associated with vciceless consonants which 

are not at minor ph~ase boundaries. It may very well be 

possible that pitch declination could operate to the extent 

that non-initial highs will be lowered to the level of 

immediately preceding lowst9 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). 

The non-acoustic evidence, except in some details, gener­

ally supports our hypothesis that pitch declination is a 

common intonation contour in Japanese, perhaps even the most 

common. The acoustic evidence is weighted in favour of this 

hypothesis as well. Sorensen and Cooper's studies r.ave 

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 FO of P1 and the time of utterance (Sorensen and 

Cooper 1980: 419) • They found that the frequency of P1 was 

consistently higher in longer sentences. In Japanese, pitch 

19 In many of our sentences, there is no rise from the first 
to the second mora of the last minor phrase, and pitch 
simply declines from the initial mcra in the phrase to 
the end of the sentence. ~his phencmenon does not cccur 
in other positions and may be a conseguence of a narrow­
ing of the pitch range near the end of the utterance. 
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gradually declines from the first to the next-to-the-last 

peak and then shows a steep decl1ne 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-~ord sen-

tences (r = 0 . 73, p < 0.001). 

variables were not correlated . 

In longer sentences the two 

It reay well be that the FO 

of initial peaks is correlated with the lengili (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 intonation fhrase and the FO of the 

initial feaks 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 correlation between PEAKFC and 

TIMEUTT is understandable . 

Sorensen and Cooper (1981:96) report that they have 

recently completed a study of pitch declination in Jafanese. 

mhe precise results of this study and the data on which they 

are based have not been published sc direct comparisons ~ith 

the present study are not possible. Sorensen and Coofer do 

report that their Topline Rule did not result in a good 

characterization of pitch declination for their Japanese 

data. It apfears that, though Engli£h and Japanese toth 

exhibit the general feature of pitch declination . the form 
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'Ibey 

also found that the frequency of initial peaks was not cor­

related with length of utterance which indicates to them 

that the dcmain of pitch declinaticn in Japanese is shorter 

than it is for English. J,a{anese speakers do not take the 

length of the . ~ / ent1r s /entence intc acccunt in determining 

the !"0 of sentence initial peaks. Sorensen and COOfEr's 

findings are consistent with those cf the present study. In 

the following chapter we will discuss how pitch declination 

might be involved in the coding of frcminence relaticns as 

well as in the the phrasing of Japanese utterances. 



Chapter VI 

CONCLUSION 

There seems to be little doubt, on the basis of the 

acoustic evidence of this study and of the non-acoustic 

descriptions of the behaviour of pitch in JaFanese sentenc­

es, that pitch declination exists in Jafanese. It has the 

function of segmenting utterances into intoQation phrases. 

It differs from pitch declination in English as formulated 

by Sorensen and Cooper (1981). It differs in both form and 

domain. 

The form of pitch declination in English involves a steep 

initial fall followed by a gradual descent to the final fEak 

in the phrase. In Japanese, pitch declines more steeply at 

the end of the phrase. There seems to be less ccrrelation 

in Japanese between the level of the initial peak and the 

length of utterance than in English. In English many long 

sentences (consisting ef a single clauEe) have declining 

pitch throughout. This, together with the cbserved correla­

tion between the level of the first peak and the lengtfi cf 

utterance, and the relative stability of the level of the 

final peak, led Sorensen and Cooper tc speculate that the 

speaker must have look-ahead mechanism whereby he estimates 

the approximate length of the utterance and then ccmfutes 

- 69 -
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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 tro­

ken up into intonation phrases, each of which is character­

ized by its own line of declination. This suggests that the 

domain of pitch declination in Jafanese 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 lexical items in Japanese. Because 

Japanese is a pitch accent language which makes use of fitch 

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 of word level pitch fatterns 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 

syntactically coded in English. Since its domain is very 

often the sentence, or clause, or some other syntactically 

definable unit, this seems plausible. In Jafanese, tecause 

20 In fact, the F0 traces of our sentences reveal that the 
verbs, which occur at the end of cur sentences, very sel­
nom retain their accentual pitch patterns. Often the 
syllable which has the highest pitch is the first even 
though the accent is elsewhere. The accentuation of 
verbs is much more regular than that of nouns so their 
accent patterns have a lower functional load and this 
levelling of their pitch contours does not impede intel­
ligibility. 
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pitch declination is often the 

characteristic intonation contour cf farts of utterances, 

parts which are often difficult to define syntactically. 

Consider sentence 22 as spoken by subject TI: 

_g_§ita otoko wa azuki o taberu •tomorrow the man will eat 

red beans' This sentence contains a pitch rise frcm the feak 

in ~§i!g to the peak in £tO~Q ]~- our claim is that this 

rise in pitch signals an intonation phrase boundary. The 

two intonation phrases in this sentence can be syntactically 

defined; they are both constituents of the sentence. 

is a sentence modifier, the rest cf the ~entence is the main 

clause consisting of the subject (marked in this case ~ith 

the Topic particle~), the direct cbject and the verb. 

Sentence 5 is very similar in ~tructure to Sentence 22 

above, except that it is made longer by the inclusion of an 

indirect object noun phrase: 

kYQQ otoko wa kusa o y~~ ]1 £1~g~~ •today the men feed 

hay to the horses•. This sentence, as ~poken by lI, has a 

rise in pitch from the peak in ~1£!2 ~~ to the peak in f~§g 

g. If this rise in pitch signals the presence of an intona­

tion phrase boundary, it is difficult to see ~hat sort of 

syntactic constituent a sentence modifier, g§11~ and a sub­

ject noun phrase, Q1QkQ ~g would te, and yet they are the 

sole elements in the first intonation fhrase. There are 

many examples in our data of sentences whose intonation 

phrases are not easily definable syntactic constituents of 
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the sentence. This leads us to the guestion of ~hat func-

' 
tion pitch d€clinaticn 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 stream of speech into fhrases ~QQ to sig­

nal to ~hat extent the phrases are related to or.e ancther 

and what element within the phrase is tbe center cf atten-

tion. Recall also that Gardiner ( 198 0) claims that the 

phrases identified by intonation do not have to be syntacti-

cally well-formed. The function cf intonation, manifested 

as pitch declination, which we wish to focus on here is that 

of the signalling of frominence relationships between and 

within phrases in utterances. 
, 

Chew, in Section 14 of his mcnog:raph ( 1961) , claims that 

there are two ways of putting emphasis or. a sentence element 

(minor phrase) in Japanese. One is to change the oraer of 

the elements. The other is tc insert an intonation phrase 

boundary directly to the left of the element. This 'iCUld 

make it the first element in an intonation phrase character-

ized by declination . According tc Chew, 'there is no order 

of . • • elements that does not put some slight emfhasis on at 

least one of the elements [p 89] . ' In the 'basic order' 

there is slight emphasis on the first element of the phrase 

which contains the verb . Warkentyr.e (1578) makes a similar 

claim. Chew gives the following example (/ marks the into-

nation phrase 1:oundaries): 

C 
t. .. 
~ 
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tJ!!QQ / gakkoo de/ masa~uki ga / hon o .!§.t~§i!~ ' masayuki 

lost his book at school yesterday' . In this sentence thErE is 

slight erephasis on h2n o 'book'. If the word order is 

changed to a less basic one so that another element is in 

place of h2n Q, as in 

'masayuki lost his book~! ~£h.2.9l yesterday' , therE will be 

special emphasis on BakkQQ g~ which is new the first Element 

in the phrase containing the verb. Moving an element to the 

beginning of the sentence and markirg it with the~~ parti­

cle de-emphasizes it to the status of a topic . 21 

Without changing the word order, emfhasis can te shifte~ 

to the left in a sentence by rerrcving the intonation phrase 

boundaries between the focussed element and the vert, or by 

placing an intonation phrase boundary in front of the 

focussed element if there was not one there before (as long 

as this boundary marks the start cf the intonation phrase 

which contains the verb). Thus, word order and intonation 

phrase boundary placement interact tc fUt prominence on par­

ticular sentence elements . The most imfortant element with­

in an intonation phrase ·is the leftrrost; the most important 

element in the sentence is the leftmost element in the into-

-------------
21 Chew points out (p 90} that the strongest form of de­

emfhasis is the movement of an Element to a positior. at 
the end of the sentence, but after the verb . This de­
emphasizes it to the status of an 'afterthought' . It is 
interesting to note tr.at final fCsition is a strong posi­
tion in English, while both final and initial fOSition 
are weak in Japanese. 

C 
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nation fhrase which contains the verb. In both cases it is 

this element which has the highest FO feak within its ir.tc­

nation phrase--pitch declines frcm this feak to the end of 

the phrase. 2 2 Since there is a preferred fOSiticn fer frcni­

nence in a Jafanese sentence, the feak en the element occu­

pying this fOSition does not have to be the highest peak in 

the sentence. If the whole sentence is one intcnation 

phrase, the first peak ~111 be the bighest. If the sentence 

is made up of two, or more, intcration fhrases, then the 

break in the line of declination which signals the boundary 

before the phrase which contains the vert will be sufficient 

to indicate prominence on the first element in that phrase. 

Degrees cf prominence can be indicated by the amcunt cf dee-

linaticn resetting at the boundary. One would assume that 

di±ferent, ccKKOD or unccmmcn, ~crd crders could achieve 

similar results. The interplay of intonation and wcrd crder 

in achieving frominence has been IEfOrted in other languag­

es. Schubiger {1964) describes this interaction in German, 

which has a relatively free wcrd crder, and in English, 

which has a relatively fixed wcrd crder. Contreras (1980) 

discusses the interaction of word order and sentential 

2 2 As a preliminazy to the analysis of the sentence data in 
this study, the individual lexical items were recorded in 
citation form. Although there are no statistic~ to veri­
fy it, the impression is that lexical items in citation 
form take pitch levels which arE approximat€1y these cf 
the items which occur to the left of the verb in the sen­
tence data. Lehiste and Ivie (1S78:1C8) repoit the ~ame 
phencmenon for Serbocroatian. Individual lexical items 
uttered in isolation take sentence prc~inence by default. 
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stress in Spanish. 

Considerably more study of the intcnation of Japanese 

sentences will have tote undertaken, before the exact form 

and function cf pitch declinatioI in Jafanese can be estab­

lished. That it characterizes at least some sentence types 

in Japanese is indicated by the fresent study. The possible 

role of pitch declination in signalling frominence relations 

will not te made clear without careful acoustic research 

coupled with perceptual tests of perceived prominence. As 

to the claims for the universality of Fitch declination in 

language, we can say in general terms that Japanese, like 

English, and many other languages, has a tendency toward 

declining pitch in neutral declarative utterances, but that 

the form of pitch declination in Japanese is different in 

detail from the form of pitch declination in English. Any 

feature which is purported to be a universal characteristic 

of all languages will always differ in detail frcrr language 

to language. 

• 



BIBLIOGRAPHY 

A.PE~CP.OrI IE, D,vid . 1967 . 
F,Jpr->pptr; .Q£ GPnPr;,J, P.hon~tir.s . Edinburgh: Edinburgh 
Univcr~itv Press . 

AtJT)k'P,SO:t-1, Stephen R . 1978 . 
In 7 . Fro 1k in l 9 7 8 • P. 13 3-7 5 • 

ROLL 1GER, DFiqht L . 196 4 . 
Ir.tonrltion s a Univers,l. In, Horace G. Ltnt, ed ., 
Prnf"'nprl; nn~ !2£ t-hr.> .Hnth TntP.r!)r1tion2l <:nnnress .Q.£ Linnuists 
(1Q62). The Haaue: Houton . P . 833-48 . 

OI,InGr;R, ninht L . 1978 . 
Intonc1tion Across L2nqLrnqcs . In, J . Greenbcrq, e:d ., 
T . "'l r- Q.f T1WF'D Lanc111r1~e, Vol . ?.--Pbonolo,:p' . Stanford: 
, ~ UniverAit• Press . P. ~71-5?.4 . 

CHFP, ,}0 1111 Jr . 1961 . 
~ r:::'r--n,c:fnr;"l"tionr1l Anc1 1 vsis Qf r~orlern Collorrni2l ,Jc\!'1<7!1PS0. . 
An1 Arl~or: Universitv Picrofilms . 

COHE", A. and 'T HART, J . 1967. 
0~ th~ AnatrYm:' of I11tonation . I,innna. Vol . 19:177-192 . 

COP,.., ,f.RAS, Heles . 1980 . 
Stress, Horc'l 
In, Linclc R. 

i1e1onv Di:. 

Orner, and the I'otion of Subject in 
:auqh anc°! C. r: . van Schoonevelc1, 

J.,;-i_nni~riCJP: In ton "l tion an<'! Prosodv. 

Sententi.:-1 
S"Y'•nic! • 
cc,s.' '::'hP 
Bc?ltir1ore: Univerf'it:1 P~rl: Press . P . 45-5-1 . 

\,,C0OPBR, T7illic1.ri C. c1na. Sor0nscn, John H. 1977 . 
F1mda:i'e .1tc1l Frcrruenc_r Contours at C'yntactic PouncJaries . 
,Jn 'rn,::,l_ o ➔~ -'-:

1 r> A.crrnstical SociE•tv Qf Af'1eric:i1 . Vol. 
6?:3:683-Q2 . 

- 76 -



77 
., 

DN nc,, Pr2nt-isel~ . 1960 . 
S"ntenc0 I 1to1 ation Fro'·; Pt Functional Point of \Tieu . tTorc~, 
'nJ . 16: :34-54 . 

r,1 ELr:CTT:0l1ICS . n date 
T";i!"11,:, J. -'=0r Fnnr1 ._r ~!1t?.l Frnc,qepcv Tl0tr>r . Genl:ofte , Denrrnrk . 

VFP.0r:I'~PJ, Victorin A. (0r: . ) . 197° . 
~no,.,n: Lir a.t i"'ti,:; Pi rv"" · Je 1 Y0rl': Acarlemic Press . 

GA~DI 1E, Duncan B. 1977 . 
T,,o Ar'c'llm'ltionr in the Studv of 

2n"'!r rr•ac1 2t LSA Ann 1al r'eeting , 
1980 . 

v rAPDIPRR , Duncan B. 1980 . 

In tone. t i0;-, . Unpul,l i she cl 
Chicago . Cited in La.dC:: 

Int:nnc1t:inn ,rnri f1qsic: ':::'be Sernr1ntic:=-: Qf C:::;ech :r?rosoav . 
P½vssRrdt S~ries ir Praque Linguistics 2 (Series eds . Daniel 
Arnq~ronq end C. 1 v3n Schooncveld ). Bloouington: 
P •s;;nrdt . 

GLEASO , H. A. 1961 . 
Revier 1 of Guthrie: Afr ici;ln 
~icl urclson: T 2 Role of Tone 
T,;,ncrn;-,00 ~fol . 37: 2: 294 - 308 . 

HAD IlJG- ImCH , (erctin . 1961 . 

Langunqe Stufies 
in the Structure 

Ar.o 1c;tir,o- Phonrtic Stnr'liPS .in thP. 
S· 1eni.sb . I,und: Glcerup . 

Ir,torn1tion 

J HAR.A~UCIII , Shor-qke . 1977 . 

I , nnc1 
of SukurG . 

Sonthern 

r.:, 1P To 10 ~~~~ of ;J;=;nCJnes,.,: li.n Autosegmentc-. 1 Theory Qf 
Tnn'1lonv . 

vPOI1RF.RT , Jc:>an-Lurie . 1978 . 
Co1 ,...onEmt T rpes, Vo1-1el Quality , ancl Torie . 
197 . P . 77-111 . 

FOUSE , Artlur ~ . na FAIRBA~KS , Grant . 1053 . 

In V. Fronkin 

The I11-fl•1<:?nce n:: Consonant P.nviron!'lent unon the Secondc1ry 
l\col1 r:tic,l C:1aractcristics of Vo ;els . Jonrncil n£ the 
Ar.011r:t:i8r>l Sor.i0t• Q_£ .i\riP.rii;, , Vol. 25:105 - 13 . 



,10RDr.r, El0"1nor Par;-, . 19." i:- . 

n:,f? Svn t:i.x of ilocl0 r'" Cc-} 100t• ial Japc'."l.nese . 
31-1 (Pcirt 1 - Su'1 )l0r1.0nt, Dissertc::t.1011 Ho . 

f,;,, nnq;:iae, 
52) • 

73 

Vol. 

V I,ADD, n. Robert Jr . 19Pt1 . 
'i'',n ~ .... n 1 r,tJ1 r0 nf Into,,2tj ont',l :1r;aninq: Evi c1encc fron 
F: nlinh . Dloorninqton: Indiana University Press . 

\JLEHISTE, Ilse . 1970 . 
s,mr:=q::;rsnr"r>nt;-, 1 c; . Cc1n'.)r idqe Hass . : III':'.:' Press . 

VLEHISTE, !lse cind rvrf, Pavle . 197r . 
Interrelc1tionships Bet\1een Tone and 
S~r 1,0crrwtia.n . In, IJonn:1 Jo .1.:ipoli, 
St- r0pr;, ;mil Ir t0nP tion . t'lashington: 

Sentence Inton2tion in 
ed ., r,,l0mentc; cl Tone, 

Georgetom1 University 
Press. P . 100-'." 0

• 

VLEHISTE, IJse and PBTP.RSOP, G. E. 19(1 . 
So:10. Ilac-;ic Considcretions in the l'.n"'l 'Sis of Intonatioa . 
,1 ()11 r n ;- 1 ~ i- hr> AC n 11"" t: i r: ;i 1 Soc i Qt v D..f AJJ 0 r i ca. Vo 1. 3 3 : 419 - ~ 5 • 

✓L!EBERPA', Philio . 1967 . 
Iq1-0n;iJ-.ion, P0rr:0ntion, ADr'1 Lf'ln011;igr-. (Tir>search l1onogrn.pb no . 
~ 0

) • CuP"'hr:i.ctqe lass . : r:I'I' Press . 

v LIEBfFH1Al', Phil in . 1900. 
~he I~ ~te , Central Asnect of Intonation. In, Lin~a R t~ugh 
-nc1 C. II . van Schoonevelcl, eds ., Thi:c Mr?lorly .Qf J.c1nrr1vl0e: 
I1t-.on;ition ;,nr! Pq)sonv . Baltimore: University P~rk Press . 
P . 187-200 . 

✓ I1cCAHLEY, Jm1es ..., _ 19( 0
• 

,,hn 1?1onolo0ir:r.1l rom,...,0.--n:>t .Q.f !_ Gr2nmnr of J;-nan°se . The 
I2oue: I1outon . 

v' ncCA 7I.EY, James D. 1978 . 
Uhat is a Tone L<1nr;uc1gc>? In V. Frorikin 1978 . P . 113-31. 

r'IF., f 1orr:1an n., HULL, C. Hadlai, J E 1K IP s , Jc an G. , 
STPIU T:'F.:P Fm., f:"'.r in, 2ncl BENT, Dnle H. 1975. 
PPS~: St:c1tjc;ticc1l Pt.ck2ae for thP. Social 2nc: 
Pr i tion . P~F Yorl<: r:cGrau-Hill . 



79 

✓Oili\LA, John ,J . 197 8 . 
P::-0<'1 1c 1:i o o-- Tone . I1 r. Fronl· in l en r . P . 5 - 3 9 . 

PEmE..''.;ffT, G. E . and Bt n:1 ,'f. , H. [ . • 1952 . 
Cnrtr0l r~o':ho'11'." Used in th0 Sturly of Vouels . ,J01 rnr1 l Qf the 
Ar.n1 Pt:ir.21. Snci.0.tv nf 1.1Pr:ica , Vol . 24:2:175 - 1Pt1 . 

✓PI R R , m, BE 'j_' , Janet. 19 7 9 • 
The Percent ion of Fund2r1ental FrP.ryuency Di~cli:wtion . 
,Tn•1rn;:il 0f t:he Acnnst j caJ Sor.jf}tv Qf A!l,r:ric-'. , Vol . 
'16:2:363-69 . 

JPIERR ,,nun BPT , Janet . 1980 . 
'J'\ P 1) onn] oav ?nc P.,nnetics of Encrlish Inton0tion . 
U1 m l)lisl ed chssertation . f1IT . 

VPIE'"'RCHU "BfRT , Janet . 19Pl . 
s"nt: er,iz inc Intt·111at io 1 . ,J011 r nri 1 Q£ .t.hE. Aco11sticc1 l Soc ietv 
n7' A 0rir.n , Vol 70:1: 85 - 95 . 

SCHAF Jr. , Ronnlo T. ,mr1 RAnI JfT' , Laurence R . 197 5 . 
Dicrit:il ,e11r0.sent~tions of f'r~0ch Signals . Proceerlini:1s n[ 
i-,,-, In~tj·'-11t0 .Q£ ,J0ctric2l .an_g Eli=>ctronic P.nninr~ers , Vol . 
63:6G2-77 . 

SC IT IG ,R , Iln.ria . 1964 . 
'l'ho ll"'t"'·C'"'l~" ar.d Coo eration of Hord-CJrder ar,t IntonRtion 
i·1 , alish . In , Dcvio A)crcrombie , et t?..1 , ei~ .... . , .l!1 nononr 
ni= n;:ii, i P 1 ,J0 P. r; . London: Longrnc1ns . P . 2 55 - 6 5 • 

,/s?IB, 'A 1 I . ,1c1Scl"OS 1 i . 197') . 
Tl o l 01 -c•,clic 12.lt'r" of J:::i.Danese Accentuation . 
Vol . 4 :1:5 4-595 . 

'$;JSOREr'Sl7'1 , Johr. Il . ond C00PSR , Hilliam E . 1980 . 

L,D<Jllc1C!C , 

S rn :2ctir r:o ing o:: Fundamental PrequP11C~' in Sneech 
Proc"'uc i " In , Ronaln A. Cole , ed ., I'ercontion ;:n<1 
Pro<111cti,. 0.= Flt1Pni-: SnPech . Hillsdaln , FeH ~Jersey: 
L2 ,re! ce Erl~aun Associates . P . 399 - 4~0 . 

1 80RW 1SS' , John · 2nd COOP·R, Piilian E . 1981 . 
P•mr',.,,..,,,ntn 1 Fr0c1 0ncv .Li SnntPnce Pror.uction . 
s~rin~Pr- Terlag . 

Neu York: 

• 



GO 

'.T'HO:r..s:-:u, n . 19 r o • 
!' St11r,T, of 1-he 'J')erce 11tion of Sentence Intonation- -Evidence 
+=r01 n,_'1irh . ,}01'["\""11 n:: tr.P Ar:onsticnl Societv .Q.f Ar:1crica , 
Vol . ~7:~:1014-30 . 

tlA~I(Etl'I'YPE , P . J . 197 f1 . 
I'1forr-atioD Focur:• ~nd Primary Accent. The .Stq~ v of Sounds , 
Vol . 13:217 - 222 . 

\)1SITZIIA ' , Retvnond S . 1970 . 
~•nrrl Acr:(mt in Jan;i_nAsr, . Studies in the Phonology of As i an 
L?nquu.e;e no . 9 . tliel:o S . Han , Series ed . Detroit: I1anagernent: 
Inforvntion Services . 

I 



Appendix A 

T HF. SENT ENCE DAT A 

1) hito ga susi o taberu 

People eat rice cakes 

2) otoko ga isi de ata ma o ta ta ku 

The man strikes his head with a st one 

3) asita otoko ga azuki o sukosi taberu 

Tomorrow the man will eat scme red beans 

4) otoko ga isi o ike ni nageru 

The man throws pebbles into the pond 

5) kyoo otoko wa kusa o uma ni a tae ru 

Today the men feed hay to the horses 

6) hito ga tarnago o taberu 

People eat eggs 

7) uma ga hana o taberu 

Horses eat flowers 

8) otoko ga musume o tataku 

The man strikes his daughter 

9) otoko ga tama o musume ni nageru 

The man throws a ball to his daughter 
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10) musume ga otoko no chikakuni imasu 

~he daughter is near the man 

11) musume ga hasi kara ochiru 

The daughter falls off the bridge 

12) kyoo masaaki ga kusa o uma ni ataeru 

Today Masaaki feeds hay to the horses 

13) hi to ga azuki o taberu 

People eat red beans 

14) musume ga tama o ukeru 

The daughter catches the ball 

15) otoko ga .k.:..wa no chikaku ni ima su 

The man is near the river 

16) musume ga otoko ni ha na o a taeru 

The daughter gives the man flowers 

17) uma ga kusa o taberu 

Horses eat hay 

18) otoko ga musume ni isi o nageru 

The man throws a stone at the girl 

19) musume ga susi to azuki o taberu 

~he daughter eats red beans and rice cakes 
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20) kyoo otoko ga isi o ike ni nageru 

Today the man throws pebbles into the pond 

21) otoko ga kusa o uma ni ataeru 

The man feeds hay to the hon,es 

22) a si ta otoko wa azuki o taberu 

Tomorrow the man will eat red beans 

23) otoko ga uma 0 hanasu 

'l'he man releases the horses 

24} isi ga iwa kara ochiru 

The pebble falls from the large rock 

25) asi ta hito wa azuki 0 taberu 

Tomorrow everyone will eat red beans 

26) otoko ga urna o tataku 

'l'he man strikes the horse 

27) otoko ga atama o tataku 

The man strikes his head 

28) kyoo rnasaaki ga rnusume ni hano o a taeru 

Masaaki gives flowers to his daughter today 

29) otoko ga isi de musurne o tataku 

The man strikes his daughter with a stone 

30) otoko ga musume ni hana o ataeru 

The man gives flowers to his daughter 
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v 31) otoko ga musume ni susi o sukosi ataeru t/ 

mhe man gives his daughter a few rice cakes 

32) hito ga sasimi o taberu 

People eat raw fish 

33) motto usiro ni iru 

They are further back 

34} asita kuru hitodesu 

It's the man who is coming tomorrow 

35) asita iku hitodesu 

It's the man who is going tcmcrrow 

36) kinoo gakkoo de masaaki ga hon o nakusita 

Masaaki lost his book at school yesterday 

37) ani no sasimi o kau 

He buys my brother's fish 

38) kinoo masaaki ga hon o gakkoc de nakusita 

Masaaki lost his book at schocl ye~terday 

39) ani wa sasimi o kau 

My brother buys fish 

40) taroo wa kaimono ni ikimasita 

Taroo went shopping 

41) kaimono ni taroo wa ikima si ta 

Taroo went shopping 
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42) taroo wa . koogai ni . ikimasita 

Taroo went to the suburbs 

43) koogai ni taroo wa ikimasita 

Taioo went to the suburbs 

44) taroo wa ku~koo ni ikimasita 

Taroo went to the airport 

45) kuukoo ni tar~o wa ikimasita 

Taroo went to the airport 

46) kare wa kanojo ni kaki o agemasita 

He gave her a persimmon 

47) kanojo ni . kare wa kaki o agemasita , 

To her he gave a per~immon 

48) taroo ga kairnono ni ikimasita 

Taroo went shopping 

49) kaimono ni wa taroo ga ikimasita 

Taroo went shopping 

50) kinoo watakusi wa ikimasita 

I went yesterday 

51) watakusi wa kinoo ikimasita 

I went yesterday 

52) toky~ e watakusi wa ikimasita 

I wen't to Tokyo 
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53) watakusi wa tokyo e ikimasita 

I went to 'Iok yo 
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Appendix B 

Schematic Diagram of Equipment Used in Measurement of FO. 
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Sentence S 
ko wa 

Appendix C 

Sample FO Traces. 

kus a o u ma ni a 
Speaker TI 

ta e r u kyo o o to ----------------------,,--------------,300 

0 
Time 

Sentence 15 
o to ko a ka wa n o chi ka ku ni 

Hz 

23atJ 

Speaker TI 
i ma SU 9 .....---..-------,---------,-----------,----------,300 

Hz 

0 
Time 

2ocfb 
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Sample FO Traces. 

Sentence 16 Speaker TI 
nu su m e 0 to ko nl ha n a 0 a ta e r u 9a 
,.--------,----------,---------,---------:-,300 

0 

Sentence 18 
o to ko 

Ttme 

Speaker TI 
ru 

Hz 

9 a nu su m e n I s I o na 9 e 
,----------,----------,---r-------,----------,-----. 3t.JO 

Hz 

0 
Time 



Appendix D 

The fundamental frequency values and times of occurrence of 
the F0 peaks in the three-word sentences of Speaker TI. 

1) hito ga susi 0 tal:eru 
F0: 275 260 200 
t: 0 560 960 

6) hito ga tamago o tal:eru 
F0: 270 260 200 
t: 0 440 810 

7) uma ga hana o tal:eru 
F0: 275 245 200 
t: 0 450 7 00 

8) otoko ga musume o tataku 
F0: 275 260 220 
t: 0 720 1200 

11) musurne ga hasi kara ochiru 
F0: 285 250 200 
t: 0 710 1150 

13) hito ga azuki 0 tal:eru 
F0: 260 260 200 
t: 0 4 20 910 

14) musume ga tama o ukeru 
1l'Q: 280 250 190 
t: 0 480 1050 

17) uma ga kusa o tal:eru 
F0: 275 255 200 
t: 0 480 740 

23) otoko ga uma o hanasu 
F0: 270 250 210 
t: 0 460 720 

24) isi ga iwa kara ochiru 
F0: 275 255 205 
t: 0 400 1010 

26) otcko ga uma o tataku 
F0: 270 250 210 
t: 0 580 1000 
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2 7) otoko ga atama 0 tataku 
FO: 275 270 200 
t: 0 680- 1140 

32) hito ga sasimi o taberu 
FO: 270 270 190 
t: 0 510 990 

3 3) motto usiro ni iru 
FO: 285 245 190 
t: 0 570 930 

34) asita kuru hitodesu 
FO: 275 290 205 
t: 0 190 730 

35) asita iku hitodesu 
FO: 245 250 230 
t: 0 330 570 

37) ani no sasimi 0 kau 
FO: 260 250 160 
t: 0 620 940 

39) ani wa sasimi 0 kau 
FO: 270 250 160 
t: 0 600 10 20 

4 0) taroo wa kaimono ni ikimasita 
FO: :tDO 240 195 
t: • 0 710 1370 

41) kaimono ni taroo wa ikimasita 
F0: 280 265 195 
t: 0 6 10 1330 

4 2) taroo wa koogai ni ikirnasita 
FO: 295 275 200 
t: 0 570 1360 

43) koogai ni taroo wa ikimasita 
F0: 295 260 195 
t: 0 660 1220 

4 4) taroo wa kuukoc ni ikimasita 
PO: 295 245 200 
t: 0 610 1370 

45) kuukoo ni taroo wa ikimasita 
'F'O: 275 275 190 
t: 0 580 12 50 



Appendix E 

'Ihe fundamental frequency values and times of occurrence of 
the F0 peaks in the four-word sen te nee s of Speaker TI. The 
obligue stroke (/) marks the rroposed intonation phrase 
boundaries. 

2) otoko ga isi de I atama o tataku 
F0: 275 225 250 200 
t: 0 680 1200 1650 

4) otoko ga isi o I ike ni nageru 
F0: 270 240 250 200 
t: 0 670 1140 1460 

9) otoko ga I tama o musume ni nageru 
F0: 275 275 235 185 
t: 0 480 920 1470 

10) rnusume ga otcko no chikak uni imasu 
F0: 280 250 240 180 
t: 0 410 1010 1340 

15) otoko ga kawa no chitakuni imasu 
F0: 28 5 260 245 190 
t: 0 E30 950 1470 

16) musume ga otoko ni hana o ataeru 
F0: 275 265 245 190 
t: 0 550 1020 1380 

18) otoko ga musume ni I isi 0 nageru 
F0: 275 245 265 200 
t: 0 490 1080 1450 

19) mus um e ga susi to I azuki 0 tal:eru 
,:;,o: 280 205 265 185 
t: 0 820 1180 17 20 

21) otoko ga I kusa o urna ni ataeru 
F0: 275 275 255 195 
t: 0 440 880 1290 

22) asita I otoko wa azuki o tal:eru 
l?Q: 265 280 250 190 
t: 0 250 980 1400 
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2 5) asita /? hito wa I azuki o taberu 
F0: 255 255 260 205 
t: 0 250 660 1110 

2 9) otoko ga isi de I musume o tataku 
F0: 285 240 255 185 
t: 0 430 950 1390 

3 0) otoko ga musume ni I hana o ataeru 
F0: 285 250 250 190 
t: 0 600 1090 1450 

46) kare wa I kanojo ni kaki o agemasita 
F0: 245 270 250 220 
t: 0 440 1230 1430 

4 '7) kanojo ni kare wa kaki 0 agernasita 
F0: 300 260 245 210 
t: 0 570 1170 1460 



Appendix F 

The fundamental frequency values and times of occurrence for 
all the FO peaks in the five-word sentences of Speaker TI. 
~he obligue stroke (/) marks the proposed intonation rhrase 
boundaries. 

3) 
FO: 
t: 

5) 
FO: 
t: 

12) 
FO: 
t: 

2 0) 
FO: 
t: 

28) 
FO: 
t: 

asita 
240 

0 

kyoo 
275 

0 

kyoo 
275 

0 

kyoo 
280 

0 

kyoo 
285 

0 

31) otoko ga 
FO: 275 
t: 0 

36) 
FO: 
t: 

3 8) 
FO: 
t: 

kinoo 
265 

0 

kinoo 
270 

0 

/ otoko ga 
260 
330 

otoko wa 
235 
400 

m asaaki ga 
260 
480 

otoko ga 
250 
450 

azuki o 
240 

1 050 

/ kusa o 
260 

1 030 

kusa o 
250 

1410 

/ isi o 
265 

1110 

masaaki ga / musume ni 
250 270 
410 1160 

musume ni /? 
240 
510 

susi o 
255 

1240 

gakkoo de/ masaaki ga 
240 275 
490 1290 

m asaaki ga 
265 
350 

I 
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ban o 
265 

1060 

I sukosi 
255 

1430 

uma ni 
240 

1450 

uma ni 
225 

18 20 

ike ni 
250 

1480 

hana o 
245 

1690 

/ sukosi 
275 

1640 

hon o 
265 

1870 

gakkoo de 
220 

1840 

taberu 
205 

1660 

ataeru 
185 

1910 

ataeru 
180 

2290 

nageru 
190 

1830 

ataeru 
195 

1940 

ataeru 
19 5 

1950 

nak usita 
210 

2430 

nakusita 
200 

2280 



Appendix G 

The fundamental frequency values and times of occurrence for 
the F0 peaks of the three and four-word sentences of Speaker 
MW. 

4 0) taroo wa kaimono ni ikimasita 
F0: 260 235 190 
t: 0 760 1550 

41) ka imcno ni taroo wa ikimasita 
F0: 250 230 190 
t: 0 620 1160 

42) ta r:oo lrla koogai ni ikimasita 
-p 0: 250 250 175 
t: 0 690 1370 

43) koogai ni taroo lrla ikimasi ta 
F0: 265 220 185 
t: 0 720 ~290 

44) taroo wa kuukoo ni i)dmasita 
F0: 260 220 180 
t: 0 690 1400 

45) kuukoo ni taroo wa ikimasita 
F0: 260 225 175 
t: 0 770 1150 

46} kare wa kanojo ni kaki 0 agemasita 
F0: 240 235 220 190 
t: 0 550 1260 1460 

4 7) k anoj o ni kare wa kaki 0 agemasita 
F0: 265 215 220 165 
t: 0 500 9 30 1440 
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Appendix H 

The fundamental frequency values and times of occurrence for 
the F0 peaks of all the sentences of speaker MF. 

40) taroo lia kaimono ni ikimasita 
F0: 185 185 145 
t: 0 990 1790 

41) kaimono ni taroo wa ikimasita 
F0: 185 190 125 
t: 0 870 1450 

4 8) taroo ga kaimono ni ikimasita 
F0: 195 165 130 
t: 0 930 1550 

4 9) kaimono ni wa taroo ga ikimasita 
F0: 1 85 200 115 

t 0 1140 1870 

50) kinco wa tak usi ~a ikimasita 
F0: 175 170 145 
t: 0 470 1290 

51) wa ta kusi wa kinoo ikimasita 
F0: 180 195 160 
t: 0 960 1160 

52) tookyoo e wa takusi wa ikimasi ta 
F0: 195 165 130 
t: 0 900 1680 

53) watakusi wa tookyoo e ikimasita 
F0: 180 210 145 
t: 0 930 1770 
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