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ACOUSTIC CUES FOR THE PERCEPTION OF ACCENT IN JAPANESE
WHEN THE ACCENTED VOWEL IS DEVOICED

Hideo Mase

0. Introduction.

O.1l. Phonologically or functionally speaking, Japanese accents
are of so=-called "register" type. There are only two con-
trastive registers, high(er) and low(er). Imn the standard
dialect there is a distinction between words (or words with
particles) containing a syllable with a high tone immediately
‘followed by a syllable with a.low tone, and words which con-
tain no significant fall. In words of the former type the
syllable with high tone is said to be accented. Both the

place and the presence versus absence of a significant pitch

drop are relevant. If, for example, a string of segmental
phonemes constitutes three syllables we can distinguish three
commutable accent units: (i) the first Syllable is significantly
high, (ii) the second syllable is significantly high, (iii)
there is no syllable that is significantly high:

(i) /d8oo/, (ii) /06Q/, (iii) /000/ (0 = syllable*).

As there is only one significant pitch drop in a word
the number of units that can be distinguished by accent depends
on the number of syllables. If bisyllabic words are combined
with a particle so that they form trisyllabic sequences, thén
obviously three different types can be distinguished as shown

above, but if the particle is removed so that we get
(1) /8o/, (i) /oS/, (i11) /oo/

it is hardly possible to distinguish (ii) from (iii) though it

is of course possible to distinguish (i) from the others). We

*) Long nasals and voiceless geminated consonants are not

counted as syllables in this paper, although they form

morae of their own.
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may say that potentially there are three different types of bi-
syllabic words (three different underlying forms), but hardly

more than two different realizations.

0.2, Phonetically speaking the pitch of the first syllable is
usually lower than that of the second syllable whenever the
accent is not on the first syllable. This is true of /06/-
words as well as /00/-words. However, the pitch difference

is greater, i.e. the second syllable is a little higher, in

the former type than in the latter, especially if the words

are spoken with emphasis (Neustupny (12 a), p. 84, Han (3),

p. 112). This difference may serve to establish a phonological
contrast between bisyllabic words of the two types for some
speakers who either keep up or try to keep up the difference.
But this is probably rather rare (cp. Neustupn?). It is my
impression that there is generally no difference between (ii)

and (iii) when words of the two types are spoken isolatedly.

0.3. We shall consider briefly the major phonetic aépedts of

Japanese accentuation:

A. Pitch.

The most important cue for accent production and per- ’
ception seems to be pitch variation. According to Han (3)
"a pitch rise of 1.9 semitones is perceived as an emic change,
while a drop of 1.9 semitones is often not interpreted as an
emic drop. This means that native speakers of Japanese are
sensitive to a sﬁaller pitch rise than to an equivalent pitch
drop, and use a wider range of actual frequency change in sig-
nalling emic pitch fall." (p. 109), "the pitch change of more
than 2 semitones functions as an emic change." (p. 128). I
think that native speakers will be more attentive to the pitch
drop than to the pitch rise, as far as accent is concerned,
because the difference between fall and no fall is phonologi-
cally contrastive. (Kawakami (5) interpretes the low pitched
first syllable as a manifestation of an intonation.)

Kobayashi (6) says thét the degree of fall is greater for
words with accent on the first or second syllable than for
those with accent on the third or later syllable. In the for;

mer case, the high pitch gives an impression of 'strong stress'.
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This observation of his agrees to some extent with the charac-
teristics of English stresses, though the latter language is
not a tone language. In English fundamental frequency (both
pitch level and pitch variation) is reported to play a greater
part than intensity. (Fry (2), Lieberman (8), Morton & Jassem
(10), etc.) _

The observation by Kobayashi means that the pitch fall
is gradually decreasing the farther it is from the beginning
of the accent unit. A similar statement has been made by other
investigators, for example, by Kawakami (op.cit.), but he does
not give any quantitative data on pitch variation. Shohara (14)
says that only 2 % of the phrases with auditorily level tone

have acoustically level tone.

B. Intensity and duration.

As for intemsity and duration; Han (op.cit.) says

"the higher pitch is usually accompanied by a slight increase
in intensity and duration. ...if we keep the pitch constant,
the change of intensity and duration does not affect the
meaning of the word: therefore the pitch is identified as

the distinctive feature and the accompanying intensity and
duration as redundant features." (p. lol4).

On the other hand, Neustupny (12 b) points out the im=-
portance of the intensity factor in addition to the pitch factor.
He says that the pitch and intensity factors are relatively
independent of each other, and that sometimes the intensity
faétor determines the accent pattern, though in general "pitch
seems to be more important than intensity" (p; 1). I think that
his statement should be taken with some reservation. He gives
special mention to Fig. 4[a"™ma’ta] (the pitch curve is taken
with a kymograph, but it seems that the intensity curve is from
a high-speed level recorder or some other insﬁrument) and Fig.
11 [a "ta takana] (taken by means of a pitch recorder). For the
evaluation of these examples, the following considerations may
be relevant:'(l) Though the pitch of the first syllable in such
a word as[a'malta]is usually lower than that of the second
syllable (cf. 0.2.), it may not be the high pitch of the first
5yliable in his Fig. 4 but the clear pitch fall between the

second and third syllables that is decisive for the accent per=-
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ception. (2) There may be some influence of neighbouring con-

sonants upon the fundamental frequency of the vowel, though

~ Han (op. cit.) says

"These differences are, however, minor and do not exceed 1
or 2 centiseconds in duration and 10 cycles per second in
frequency. These are etic differences, and they are kept
separate from the data pertinent to the structural analysis."

(pp. 103-104).
c House & Fairbanks, in their investigation of American
English vowels (4), say

"In the comparisons of voiced and voiceless consonant en-
vironments, vowels in voiced environments, with few excep- .
tions, were longer in duration, lower in fundamental fre-
quency, and greater in relative power." (p. 113).

In their article we find that the fundamental frequency
of the vowel is comnsiderably higher between [t]'s than between
[n]'s, whereas the intensity of the vowel is considerably lower
between [t]'s than between [n]'s. Accordingly, although I do
not think the influence of the consonant upon the vowel is quite
the same in English and Japanese, it is not improbable that the
difference between the two consonants in Neustupny's examples,
viz. [n] in Fig. 4 and [t] in Fig. 11 may have a certain in-
fluence upon the following vowel, whether the influence be sub-

sidiary (or "etic" in Han's terminology) or not.

O.4. Devoicing of vowels.

Of the five Standard Japanese vowels /i,e,a,o,u/, /i/
and /u/ are often devoiced. Han (3, pp.  17=- 34) mentions four
factors which cause devoicing of vowels:

(1) The intrinsic length of the five vowels: since /u/ is
the shortest and /i/ the next shortest of the five vowels, /u/
is devoiced most easily and then /i/, while the other three
vowels are rarely devoiced. (Both of them are, of course, high
or close vowels.) :

(2) Speech tempo: Except for slow speech tempo, the two
vowels are easily devoiced. Slow tempo is that which is "used
only when the speaker wishes to be precise, or when talking to
a child or a foreigner, or in public speaking." (As for speech
tempo, M. Temma‘(lG) says in her study on the change in speech

tempo within three generations that the first generation pro-
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duces approximately lo to 12 phonemes, 5 syllables, and 3 words
per second, while the third generation speaks about 16 phonemes,
9 syllables, and 53 words per second. The third generation
speaks 31 per cent, and the second generation 19 per cent faster
than the first generation. This is the case of the Tokyo dia-
lect, but almost the same tendency is seen in the Osaka and the
Kyoto dialects. ‘

(3) The pitch accent: vowels are easily devoiced except
~when they are 'accented'. Even if they are accented, they may
sometimes be devoiced.

(4) The neighbouring consonants: the duration of the
vowel is shorter between (generally also after) voiceless con-
sonants than in voiced consonant environments. Of theIVOiceless
consonants, [8] and [§] give the strongest effect. (Nakano (11)
reports that in fast speech voiced consonants may sometimes be
devoiced, and then they can contribute to the devoicing of
vowels, for example: [ka@-to-tfo-], [kab-ki-za] in the genuine
Tokyo dialect, and [bngpiS;] ,[bathpatS;] (p. 8) (note that
[b] = /b/, not /p/, [kab] = /kabu/).

A question is how the accent is perceived when the ac-
cented vowel is devoiced. (Sometimes phonological accent shifts
occur, but this matter is out of concern here.) Han (3) says
that "in this case where the vowel of the accented syllable is
unvoiced, the very low pitch of the second syllable seems to
signal the "virtual" high pitch of the preceding syllable."

(pe 34). _

Sugitow (15) says that in two-syllable words where the
vowel of the first syllable is devoiced, the first syllable is
perceived as having 'accent' when the pitch of the second vowel
falls down very quickly, for example from 300 cps to 250 cps
(a young female voice) after 1 centisecond. On the other hand
the first syllable is perceived as not having 'accent' when the
pitch‘of the second vowel goes down very slowly. (The informant
is a young lady born in Osaka, but her mother was born in Tokyo.
Accordingly, we cannot expect.that this phenomenon is necessa=-

rily the same in the Standard dialect.
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s Procedure.

The investigation summarized here was undertaken in order
to find some acoustic cues for the accent perception when the

accented vowel is devoiced.

l.1. Texts and subjects.

I chose three-syllable accent units for my analysis. The
text (written in Japanese script) consists of words with seg-
mental phonemes: /hasi/ or /kaki/ followed by a particle: /wa/,
/ea/, /o/, /mo/ or /to/ with different accent placement.  The
words were given in different orders, and both in isolated po-
sition and in short sentences. Only the words followed by the
particle /to/ were used. In this environment the vowel /i/ in
/hasito/ and /kakito/ is devoiced in speech of normal tempo .
Both /hasito/ and /kakito/ make three commutable units by the

difference of accent placement, namely,

Acc. 1: /hdsito/; /kdékito/ ("chopstick (and)"; "oyster (and)"),
Acc. 2¢ /hasfito/; /kakito/ ("bridge (and)"; "fence (and)"),
Acc. 3: /hasito/; /kakito/ ("edge (and)"; "persimmon (and)").

(/to/ is also used in the meaning "to".)
Accent 1 words have accent on the first syllable, Accent 2
words have it on the second, and Accent 3 words have no accent,
or, in other words, no significaht drop.

The main subject person was a middle aged professor in
nétural science, who was born and has been living in Tokyo
(M.O.). Two other subjects were bofn in Tokyo and Kanagawa

respectively, and have been living in Tokyo. Both of them have

;completed university courses some years ago (K.T., H.M.).

M.0. recorded isolated words 11 times in two sessions and
words in sentences 6 times. Two other subjects recorded only
isolated words 2 times. A short pause was made after the re-

cording of one text.

1.2,  Recording.

The recording was done in the sound-treated studio of the
Institute of Phonetics, University of Copemhagen, in July and

August, 1968.
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e 3 Control 6f material.

In the speech of the main subject M.0O., some words were
spoken with different accents from the intended ones by mistake.
(In two other persons' speech there was no confusion, but one
occurrence of /kakito/ (Acc. 2) in K.T.'s record was spoken
with a different particle.) Besides, some Accent 2 and Accent
3 words have been spoken with a voiced second vowel, which is
quite natural because the second syllable is rather high-ﬁitched
(higher in pitch than the first syllable). Specimens in which
it was not clear which accent had been used, were left out of
the material.

In order to find whether the intended accents can be per-
ceived by other persomns, all the words were rearranged in dif=-
ferent order and given as a listeners' test. The subjects (4 in
all) who listened to the test words are others than those who
spoke (except H.M.). Each subject listened two times with a
time interval of a week. (But a Japanese phonetician who vi-
sited Copenhagen listened two times in one day.) The 'perceived

accent! is counted positive if the agreement of the answers is
7/8 or 8/8.

Table l-a.

hasito perceived accents

intended accents Acc. 1 Accs. 2 Acc.. 3 vs
Acec. 1 21 2

Acc. 2 19 13 (+2) 1 3
Acc. 3 22 1 17 (%1) 3
kakito perceived accents

intended accents Acc. 1 Acc., 2 Acc. 3 2
Acc. 1 27 27 -

Acc. 2 19 13 (+2) | 1 (+1) 2
Acc. 3 16 14 2

(The nu?bers in parentheses refer to words with voiced second
vowel.

Of kakito (Accent 2) spoken by K.T.\only one example could
be used in the table above. H.M. kakito (Accent 2) was spoken

with voiced second vowel in both instances.
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The number of words with devoiced second vowel is as

follows: ‘
Table 1l-b.

hasito kakito

Se We total S. We total
Age, 1~ | 6 15 21 Acc. 1 7 20 o7
Acc. 2 L lo 14 Aces 2 L 9 13
Acc. 3 4 14 18 Acc. 3 4 11 i5
(s. = words in sentences. w. = single words.)

1.4, Registration.

Mingographic curves were taken of all the words. Some

spectrograms were also taken for the delimitation of segments
(and in order to see the formant structures). Pitch contours
of some words were also taken by means of a Schneider's Ton=-
h8henschreiber.

On the mingogram were registered (1) duplex oscillograms,
(2) intensity curve (logarithmic, integration time 5 ms, HP=-
filtering with cutoff at 500 cps, (3) intensity curve (linear,
integration time 10 ms, no filtering), and (4) fundamental
frequency curve. As for the spectrograms, wide-band, narrow-

band and section spectrograms were taken.

l.5. Methods of measurement.

All data were obtained from mingograms. Spectrograms and
pitch curves made with the TonhShenschreiber were used only to
control the mingographic curves.
Length of the vowel: the vowel begins at the point where
regular vibrations are seen on the oscillogram. On the intensi-
ty curves, it begins at the rising point of intensity. The E

vowel ends at the point where the amplitude of vibrations, the

A e e

intensity, and the fundamental frequency all go down abruptly.
In most caseS'the beginning and end points of the vowel as de=-
fined above agree on the four curves within the accuracy of

£ 0.25 cs. Consonants and devoiced vowels of the second syl-

lable are measured according to the same principle, The dura-
tion of the open phases of consonants has been measured mainly ';

on the logarithmic intensity curve. As for the intensity, I
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have measured peak values only. The fundamental frequency
curve shows a certain irregularity during the first O - 1 cen=-
tiseconds (and sometimes up to 2 or 3 cs), so that the very
beginning point is not measured. The accuracy of measurement
is ¥ 0.25 dB for the intensity and - 2.5 cps for the funda-

mental frequency, provided that the'measuring scales are ace=

curate. \

2 Results.

The material is too small in size to be treated sta=-
tistically; in most cases, therefore, all pertinent data are

shown in figures and tables.

2.1. Words with voiced second vowel,

These have not yet been analyzed, but they will soon be,
together with other words such as hana + particle and EEEE +
particle. According to the traditional description one should
expect

‘ Acc. 1: high - low - low
Acc. 2: 1low - high - low
Acc. 3¢ 1low - high - high,

but a look at the curves for hasi and kaki with voiced second
vowel before particles reveals the following tendencies:

Fundamental frequency:

Acc. 1l: the second vowel is high falling rather than
PR mid or low falling.

Acc., 2: the third vowel is not low but falling from mid
to low or from high to low.

Acc. 3: the second vowel is often lower than in Accent 2
words (cp. 0O.2.above).

Intensity:

Acc. 1: the first vowel is relatively stronger than in
Accent 2 and Accent 3 words.,

Acc. 1 & 2 the intensity of the third vowel decreases
abruptly. '

Acc. 3: the third vowel is relatively strong, or keeps
a certain level of intensity longer than with
Accent 1 & 2.
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2.2. Words with unvoiced second vowel.

2alcls Liength.

The subjects of my experiment belong to the second gene-
ration and to the generation between the second and the third
generation. The words spoken by three subjects are between
30 and 50 centiseconds in length. This means that the subjects
spoke the words with a normal speech tempo where devoicing of
vowels occurs (cp. O.4.above).

The duration of words is considerably diféerent among
different recordings of the same person and among different
persons. The mean value of segments and the percentual distri-
bution of segments are given in Table 2 and Figs. 2 and 3, :
respectively.

The open phase of medial [t] is usually between 1.5 - 2.5
cs in length. It seems that there is no great difference in
the duration of the open phase according to word accentuation
or speaker. The open phase of initial [k] ih kakito shows
rather interesting results. The open phase is shorter before
vowels with greater intensity and longer duration (e.g. the
first vowel of kdkito (Acc. l)) than before the vowels in the
syllable ka of Accent 2 and Accent 3 words, which are shorter
in duration and weaker in intensity. If we measure the com-
bined length of open phase + vowel, the difference among three
differently accented words with identical segmental Structure
(i.e. kakito) becomes smaller (see Fig. l). The reason may be
that the first vowel occurs between two voiceless consonants
(i.e. k¥ = k), so that when the vowel is unaccented, the ten-
dency of devoicing of the vowel is greater for Accent 2 aﬂd
Accent 3 words than for Accent 1 words. (NB.: It is quite rare
that the vowel /a/ is devoiced completely. Cf. O.4.)

As for vowel length, the first vowel of Accent 1 words

tends to be a little longer than those of Accent 2 and Accent 3
words. It may mean that the accented vowel has a slightly
longer duration than the unaccented one. The duration of the
third vowel does not seem to differ so much. In hasito the
third vowel is often shortest in Accent 1 words (hdsito), and

often longest in Accent 3 words (hasito). In kakito the third
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Table 2. Average Length.
- Accent MO. MO. MO, KT. HM.
Basito type |sentence|word-l | word-2 word word
1 Lo 4 4o.8 34.6 51.3 45.3
1 th
soRnin et n. (6) (6) (0] S9ia) (2)
initial 2 ?251 %257 ?850 ?558
e 2 2
o st 3 4o.6 42.1 32.5 50.0 48.8
n. (4) (6) (3) | (2) (2)
: 1 8.0 8 6.7 9.0 8.3
[a] 2 549 5.6 5.8 6.5
3 5.8 6.5 4.8 73 3
) 11.9 14,7 119 16.8 18.3
[S;] 2 11.9 lo.5 17.5 18.3
3 13.0 14.7 lo.8 15.8 175
1 lo.4 1155 1ll.o0 18.5 13.0
[t] 2 9.9 9.6 15.0 14.3
3 11.3 11.4 lo.2 16.0 14.8
1 lo.1 6.8 5.6 7.0 5.8
[o] 2 11.6 7.0 9.8 6.8
3 lo.6 9.4 6.6 l1l.0 9.3
kakito
1 43.1 44,6 36.1 50.0 43.o
;?;i: length n (7) (6) (8) (2) (2)
& Teran 2 38.8 4i.5 32.9 50.0
consonant — (&) (&) (&) (1)
3 38.8 44 .8 36.0 50.5 43.8
n (&) (6) (1) (2) (2)
1 8.0 75 6.6 7.0 5.8
[a] 2 5.9 6.0 e I 7.0
3 5.9 6.1 5.5 5.3 4.5
1 13.1 16.3 13.1 18.0 16.3
[ki] 2 13.9 16.4 lo.5 16.0
° 3 12.7 16.8 12.5 20.0 . 17.5
_ 1 l0.9 13.1 11.3 15.5 14.8
[t] 2 9.9 lo.8 11 5 1740
3 lo.2 12.0 1l.0 14.3 125
‘ 1 11.2 | 7.6 5.1 9.5 6.3
[o] 2 901 8.4 5.6 10-0
3 lo.o 9.8 7.0 1l.0 9.5
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Fig. 1. Lengths of open phase of imnitial k (1eft)
and of open phase of k + 1lst vowel (right).
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(B)

Percentage length of segments in the word.

(A) (B)
a Ji 3 0
| = 3 =
%
30 40 50 S| 0 10 20 30 o 50 60 30 @0 g0 4007
— — = L
" b T 1 e
b _lm-l | rx;
12? - - l =
E A
E— . : .
Q ) — T
S| 1s | - e —
<< i 1 1 ¥ -J
I gJ oy I 1 = :
II E e — s i :
39 40 50 s 0 50 : 130%
i A J = 1 1 i i 1 1 T 1 I 1
= 1- ==
o b=
) I ] : 11 : ll : fl E
S| 3 R m———s I =t
8 51 - { - .,
O
<l - 1 - = - |
m— | i -
i | < | | T
30 40 50 & 0 50 100%
1 1 14‘- l. Y | 1 " 1. 1 1 1 .l L i 1 ‘7‘ 1 1
—_— I : g
I' : ld I . - : :
gJ : | 1 i
™ (| g T —
12 jj e | 1 I —
e - ] e — =y e
Y] J 1 | L
Q
Q .| oy n : ==
< I3 ] e I I
n lJ - ol 1 - - e |
- ] T e F= fé
Fig. 2. Length (hasito)
(A) Length of the whole word (without initial h).
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(A) (B)
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Fig. 3. Length (kakito)
(A) Length of the whole word (without initial k).
'(B) Percentage length of segments in the word

(the beginning of the syllable ki is here
defined as the point of explosion).
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vowel of Accent 1 (kdkito) and Accent 2 (kakfto) words is often
shorter than that of Accent 3 words (kakito), as one might ex-
pect. The difference, however, is not great. The duration of
the second syllable does not seem to show any significant dif-
ference, either.

On the whole, what seems rather constant is that the ac-

cented first vowel of Accent 1 words (hdsito, kdkito) is a

little longer than the unaccented first vowel of Accent 2 "and

Accent 3 words.

2.2.2. Intensity (see Figs. 4-6).

The intensity of the accented vowel of Accent 1 words
(hdsito, kfkito) is a little higher than that of Accent 2 and

Accent 3 words. Roughly speaking, the difference amounts to
some 6 dB. The weaker vowel of Accent 2 and Accent 3 words
tends to have its intensity peak in the first half of its dura-
tion, and the intensity falls down quickly, but not always.

The relation between the first and the third vowels seems a
more stable feature. As is seen in Figs. 4 and 5, the relative
intensity of the third vowel compared to the first vowel of
Accent 1 words is smaller compared with those of Accent 2 and
Accent 3 words. (I should like to emphasize here that this is
not a comparison between the inherent intensity of /a/ and
/o/, but a comparison of the relation between the first and the
third vowels in each type of words.) This difference in the
intensity relation between the first and the third vowels, to-
gether with the duration factor, may contribute to some extent
to distinguish accent placements.

The intensity of the second syllable is almost the ééme
in all types of words. The position of the intensity peak of.
[S}] in hasito varies according to which part is stronger, the
[S] part or the [i]part. On the whole, I have not found any
constant difference in peak distribution among the threevtypeé of
words, but one can observe a slight tendency for the peak in
Accent 1 words to come earlier and fall down more quickly than
in Accent 2 and Accent 3 words. The intensity peak of the
second syllable (either the consonant part or the devoiced vowel

part), when compared to that of the first vowel, is lowest in-
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Accent 1 words. The intensity of[k%] in kakito was sometimes
too weak to be measured precisely. As a whole, it holds true
that the peak often occurs Jjust before the end of the second
syllable. (The intensity peak of the open phase of k is nét
counted as the peak of the second syllable.)

We can expect the intensity of the second syllable of
Accent 2 and Accent 3 words to be almost the same, because
there is no noteworthy auditory difference in the first tﬁo
syllables of Accent 2 and Accent 3 words, whether the second
vowel be voiced or mnot (cp. 02435

The intensity of the final, i.e. third vowel was ex-
pected to be low in Accent 1 and Accent 2 words, but it was
not. This may be interpreted in various ways: (l) the in-
herent sonority of [0] is a little greater than that of [a]
which, however, is unlikely, (2) the intensity level may not
contribute very much to accent differentiatibn after all, and
(3) there is some kind of influence caused by the manner in
which the text was read aloud.

Nevertheless, it seems that the intensity relation be=-
tweén the first and the third vowels can distinguish Accent 1

words from Accent 2 and Accent 3 words.

2.2.3. Fundamental frequency.

In contrast to the duration and intensity factors, the
fundamental frequency factor shows a very positive difference
among the three types of words. A clear difference is seen
in Figs. 8-14.

Needless to say, though the pitch level, high(er) or
low(er), has certain fixed ranges in which it is perceived as
high or low, the pitch level is not absolute but relative, so
there is_a considerable difference in pitch level even in one
single speaker's speech, not to mention the differenqes among
different speakers.

If I may jump to the conclusion or result, I find the
following tendency to distinguish the three types of words by
pitch:
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1lst syllable 3rd syllable

Acc. 1l: high low falling;

Acc. 2z low high (or mid) falling,
sometimes, low falling);

Acc. 3: low high even.

A.pfoblem is how to quantify the difference. In the
words with voiced second vowel, we find the following tendeneies
(see Fig. 8): there is no difference in pitch level of the first
vowel between Accent 2 and Accent 3 words in these examples
(but Cp. 2.1). Among the examples of Accent 2 words one in-
stance of hasito has a’' third vowel which is not very low, but
mid falling. The functional identity of level between the
second and third syllables of Accent 3 words is not reflected
by.a phonetical identity, since the third syllable is a little
lower in pitch than the second syllable (cp. 0.2.). In any
case, in these words with voiced second vowel the pitch con-
tour of the third syllable can clearly distinguish Accent 2
from Accent 3 words. The third syllable of Accent 2 words is
mid or low falling in pitch, while that of Accent 3 words is
high and (almost) even. The same tendency is seen in the
words with devoiced second vowel.

The difference between Accent 2 and Accent 3 words with
devoiced second vowel seems, then, to lie in that the pitch
of the third syllable exhibits a fast and considerable drop in
the former type. A question is how important this falling
pitch is for the perception of the accent. In isolated Accent
2 words the pitch is lowered about 5 cps per centisecond within
the first five centiseconds. In a few cases the falling rate is
about 3.5 - 4.0 cps per centisecond, but in this case the ab-
solute pitch level is the same as or lower than the first vowel
which is low pitched. Accent 3 words have a high pitched third
vowel and the lowering of pitch is less than 10 cps. Mieko Han
(3) says that "the pitch change of more than 2 semitones func=-
tions as an emic change” (p. 128). This may be quite crucial.
In my material it is true of words with and without devoicing
of the second vowel that the pitch change within the third syl-

lable of Accent 2 words exceeds two semitones, and besides the
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pitch ends at a lower level than that of the first syllable.
In some cases, the third vowel has low falling pitch. As for
the Accent 3 words, all the third vowels have even pitch con-
tours. Their pitch levels are, except for one instance of
hasito, higher than those of the first syllable.

As mentioned just above, the pitch contour of the third
vowel is similar in words with voiced second vowel and those
with devoiced second vowel. (The amount of pitch drop is a
little greater in the latter case.) Then, a question is
raised: which is more important for the accent perception,
the pitch contour of the accented syllable, or that of the
syllable following after the accented syllable? However, it
is evident that the relation betﬁeen the accented syllable and
the immediately following syllable is most important. Words
with devoiced vowel should probably be considered a special
case (see, however, 3.2. below).

Accent 1 words do not seem to pose any problem. The ac-
cented first vowel is high in pitch, as well as longer in dura-
tion and greater in intensity, than the third vowel.

A little more problematic is the pitch contour of the
words spoken in a sentence. The general tendency is the same
as for isolated words. The pitch contours of Accent 1 words
are just as clear as in the case of isolated words. The problem
is that there is no great apparent difference between Accent 2
and Accent 3 words, especially in the case of hasito. This
problem has not yet been completely solved. The formant
structure of these words may give some cues, but minute spec-

trographic analyses have not yet been done.

2.4. Tapecutting experiment.

Three examples of hasito with different accents were
chosen. They have almost the same intensity level and duration
of segments. They were cut on the tape between hasi and to
at a point 5‘centiseconds before the explosion of t and treated
in three alternative ways: (a) the final to was removed, (b)

a 50 cs pause was inserted between hasi and to, and (c) different

parts of hasi and to were combined. The results of a small




174

perception test (three subjects) show that

a) when there is no final syllable Accent 1 is easy to per=
ceive, while there is no difference between the parts of hasi
of Accent 2 and Accent 3, A
'b) when there is an internal pause Accent 1 is again easy to
perceive. Accent 2 and Accent 3 are also perceived correcfly.
(It seems that the timing between syllables does not influence
accent perception in Japanese. Howeyer, it is a matter of
course that the information given bﬁf¥he third syllable is
lost if the distance between the second and the third syl-
lables is too great, which fact may be reflected in the case
of (a). hells

c¢) when the parts are recombined at random the high pitch of
the first syllable is the cue for the perception of Accent 1
(cf. (a)) which is further confirmed by the low falling pitch
of the third syllable (see Fig; 14, curves 1 & 2). The falling
pitch of the third syllable is a cue for Accent 2 (see Fig. 14,
curves 3, 5 & 6), and the (almost) even and high pitch of the
third syllable in addition to the lower pitch of the first syl-
lable is a cue for Accent 3 (Fig. 14, curve 4). In this small
experiment the perception of Accent 3 worked only with a com-
bination of the hasi of Accent 2 and to of Accent 3. The re-
sult obtained here shows the same tendency as the above men-
tioned results of the whole experimgnt, but this should be con-

firmed further by tests including several words.

3% Final remarks.

3.1. In summary, taking all the three acoustic factors together,
the accents tend to show the following acoustic differences:

l. The pitch factor plays the greatest role of the three
factors. :

2. Intensity and duration may also be of some importance,
especially for Accent 1 words.

The result that the pitch movement in the third syllable
differentiates between Accent 2 and Accent 3 words is similar
to the result obtained by Sugitow (15) in her investigation of
the pitéh movement of two-syllable words where the first vowel
is devoiced, though she investigated another dialect. As for

the degree of pitch movement and the pitch of the third vowel
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as cues, the results here agree to a large extent with Han's
statements.

As for the role of intensity for the accent perception,
Neus tupny (op.cit.) says that in some cases accent perception
does not work without the help of the intensity factor. In
my experiment, the case of hasito in the scntence might be ex-
plained as a compensation, if we do not take formant structure
into account. In other cases, however, the pitch movément does
not show any negative result for pitch. The pitch factor may
be -supported by the intensity factor, buf not vice versa.
3.2. There are many unsolved matters, such as the evaluation
of the area integral of intehsity, the relation between
acoustic and auditory level tone, etc. DBut these problems
are of a more general phonetic character.

In this experiment formant structures were not analyzed.
At the first look at specirograms, it is hard to find the dif-
ference between three differently accented words. IHowever,
if minute spectrographic analyses are undertaken, other factors
may be found which are relevant to accent perception. Meyer-
Eppler (9) investigated whispered German tense vowels sung in
"the first five tones of a diatonic scale', and found some
extra noises for whispered /i,e,o/ and noises in additiénvto
formant transitions for whispered /a,u/. I do not know whether
such extra noises occur in Japanese devoiced /i/ and /u/, which
make the intensity higher and bring about differences in pitch
perception. It is said that there is a difference in quality
between accented and unaccented vowels (Onishi (13), Koizumi
(7), etc.). Koizumi says that a certain correlation betwéen
the accent and the tension of muscles has been found:

"The high pitch accent shows itself in the tense form
of lower vowel variants [Q,3,5] or higher ones [ i,u].
The low pitch accent shows itself in the lax form
of higher vowel variants [ﬁ,o,e] or of lower ones

(z,ul." (p.9)
If this phenomenon is constant there may be some difference in
"devoiced vowels too, both acoﬁstically and auditorily. That is,
there may be some difference in formant structure and in audi-

tory impression.
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