
Delayed Pitch Fall in Japanese 

ASA Seattle Meeting, May 17, 1988 

Yoko Hasegawa 
Department of Linguistics, University of California 

Berkeley, CA 94 720 
yoko@violet. her keley .ed u 

Kazue Hata 
Speech Technology Laboratory 

3888 State Street, Santa Barbara, CA 93105 
ucsbcsl!stlvax!kh 

1. Introduction 

The Tokyo dialect of Japanese has been regarded as a prototypical pitch accent 
language in which the location of fundamental frequency (F0) fall, from relatively 
high to relative low, is the only acoustic correlate of accent. The accent patterns 
of words, therefore, can be represented simply by marking the location of this 
pitch fall, if there is one (McCawley 1968, Haraguchi 1977, Poser 1984, Beckman 
and Pierrehumbert 1986). 

Neustupny (1966), however, found negative evidence for this hypothesis. He 
pointed out that accent as conventionally known and the real pitch fall often do 
not synchronize: pitch fall is delayed in relation to an accented syllable. He 
therefore claimed that the F0 data by itself is not sufficient for determining the 
accent pattern and that since the amplitude peak falls on the accented syllable in 
the words in which pitch fall delays, both F0 and amplitude are distinctive 
features in the Japanese accentual system. 

On the basis of acoustic and perceptual experiments using synthesized 
speech, Sugito (1972) refuted Neustupny's hypothesis. She found, and Hasegawa 
(1986) has confirmed, that native speakers perceive an accent on a vowel when 
the vowel is followed by a falling F0 contour, even though the F0 of the accented 
vowel is not higher than the F0 peak of the following falling pitch. AB shown in 
Figure 1, when the second /a/ in /asa/ falls from 160 Hz to 80 Hz during a 
period of 100 msec, the initial /a/ was perceived as accented even when it was as 
low as 135 Hz. When the first /a/ was lower than 135 Hz, given the same pitch 
fall on the second /a/, then it was perceived as a different word. 
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Figure 1: Pitch range of the initial /a/ with the falling contour 
on the second /a/ in /asa/ (HL) 'morning' (Source: Sugito 1972) 

Although Sugito's findings in the perceptual experiment were interesting, 
there are some limitations in her study. First, her study did not provide the 
actual prevalence of the delayed pitch phenomenon across speakers. Second, we 
consider that the fall of 8Hz/csec in Sugito's experiment is rather large for a 
speaker with this pitch range. Such a slope might override the effects of other 
cues in a way that would not occur with the more moderate slopes found in 
natural speech. 

It has been claimed that given a fixed range of pitch fall, a longer phrase has 
a gentler FO fall rate (Weitzman 1969, Pierrehumbert and Beckman 1988). In 
other words, a shorter duration forces a sharper FO drop. Although the domain 
of our study is not phrase-level tonal structure, but rather FO modulation around 
an accented vowel, we see some parallelism between these two phenomena. 
Therefore, our working hypothesis is that the later the FO fall occurs, the steeper 
it must be. 

2. Experiment 

2.1. Materials and Procedure 

We selected three sets of eight words each containing /VmV/ sequences, in which 
either vowel may be either /i/ or /a/. There were two reasons for choosing a 
nasal as the intervening consonant. First, we wanted continuous FO to examine 
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where FO starts falling. Second, there are indications that when a vowel which is 
expected to have an FO peak is followed by a nasal, the FO peak often appears in 
the nasal (Ladd and Silverman, 1984). Because of this last factor, we thought we 
might be more certain of getting tokens of delayed pitch fall with a nasal con
sonant. These three sets of words differ as in the formulae below. 

/ 

Set 1 # CV mV 
H L 

* I 
Set 2 # CV CV mV 

H L 

* I 

Set 3 # CV mV CV 
H L 

(* = Kleene star) 

Examples /namida/ 'tear', /yamai/ 'illness' 
/imari/ 'Imari (a place name)' 

Examples /namamizu/ 'unboiled water' 
/zyuunimiri/ '12 millimeter' 

Examples /hanami ni/ 'for flower-viewing' 
/sasim1 o/ 'sashimi(Acc)' 

The words in set 1 of our experiment have the accent on the first syllable; 
those in set 2 are like those in set 1 but have a preceding syllable or syllables. 
These sets 1 and 2 were prepared to characterize the delayed pitch phenomenon 
and, further, examine whether the location of an accented syllable within a word 

'-" has effect on the occurrence of the delayed pitch phenomenon. Set 3 has the 
same accent pattern as set 2, except that the accent is on the second syllable of 
the /Vm V / sequence. We added set 3 in order to make a comparison on FO con
tour between the words with the delayed pitch phenomenon in set 2 and the 
words of set 3 without this phenomenon. It is predicted that delayed cases in set 
2 show a FO fall on /m V / like non-delayed cases of set 3. 

Twenty-four sentences were created in which each of the twenty-four words 
occurred in initial position. Seven native speakers of the Tokyo dialect (3 males 
and 4 females) were asked to utter the sentences five times each for a total of 840 
sentences. The utterances were recorded and then digitized at a sample rate of 
lOKHz. Segmentation was manually performed with the aid of both spectro
grams and waveforms. The FO and amplitude contours of the /Vm V / portions 
were extracted. 

The tokens with the accent on the first vowel of the /Vm V / portion (sets 1 
and 2) were categorized into three types according to the location of the FO peak. 
In Type A tokens, real pitch fall synchronizes with the location of conventional 
accent; i.e., the peak occurs within the accented vowel. In Type B tokens, the FO 
peak is located on the nasal, and in Type C, on the second vowel. We also meas
ured the duration between the FO peak and the end of the second vowel as well 
as the FO values at these two points in order to calculate rate of pitch fall. 
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Hz /nfim-J.da/ 'tear' (Subject 5: female) Hz /nf.mida/ 'tear' (Subject 4: female) 

360 3-40 

3-40 320 

320 
300 

300 
290 

280 I· 
260 

260 

240 
240 I 

, 
220 

, I 
220 a m I a m I i 

I 

200 200 

0 10 llO "'° csec 0 10 20 30 

Figure 2: FO contour for examples of Type A and Type C 

For example, Figure 2 shows FO contours of a Type A token and a Type C 
token for the same word /namida/ 'tear' spoken by two different female speak
ers. In the left-hand figure (Type A), the FO peak occurs on the accented /a/, 
whereas in the right-hand figure (Type C), the peak occurs on the post-accent 
/i/. 

As Sugito pointed out, the amplitude is not a cue for determining the posi
tion of accent. Figure 3 shows the amplitude contours for the same tokens as Fig
ure 2. Notice that in the right-hand figure (a delayed pitch fall token), both FO 
and amplitude for the accented /a/ are lower than for /i/. 

"'° csec 
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Figure 3: Amplitude contours for the examples in Figure 2 

2.2. Results and Discussion 

Table 1 shows a comparison of the non-delayed case (Type A), with delayed cases 
(Types B and C). The last column of Table 1 combines the frequency of 
occurrences of Types B and C together. Overall, 
the delayed pitch fall occurred in 58% of the tokens. However, occurrence of 
delayed pitch fall varied from speaker to speaker as well as from token to token 
in the same speaker. Further, delayed pitch fall occurs more frequently when an 
accent is on the first syllable of a sentence (set 1) than when an accent is on a 
non-initial syllable (set 2). The delay occurred 81% of the time when the first 
syllable is accented. 
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Type A Type B Type C Types B+C 
Peak in Vl Peak in /m/ Peak in V2 

Set 1 19% 44% 37% 81% 
Set 2 65% 24% 11% 35% 

Set 1+2 42% 34% 24% 58% 

Table 1: Occurrence of delayed pitch fall 

The next table shows that there was a clear difference between male and 
female speakers in relationship to the delay of pitch fall. Female speakers were 
more likely than male speakers to delay the F0 fall to the post-accent vowel. (For 
a relevant discussion on relationships between gender and pitch modulation, see 
Sundberg 1977 .) 

Type A Type B Type C 

Male 47% 48% 5% 

Female 38% 24% 38% 

Table 2: Male/Female differences in delayed pitch fall 

Table 3 gives the median of rated pitch fall (in Hz/csec) by subject. For 
example, Subject 4 .shows 10 Hz/csec for Type C tokens as opposed to 6.47 
Hz/csec for Type A tokens. The overall tendency is for the F0 fall of words with 
delayed pitch fall (Types B and C) to be steeper compared to non-delayed cases 
(Type A). Among delayed cases, except for Subject 6, the F0 fall becomes steeper 
as the peak is delayed from the nasal /m/ to the second vowel. We mentioned in 
the beginning of this paper that Sugito (1972) used the slope 8 Hz/csec for the 
pitch range of the male speaker. The three male subjects in our experiment 
showed a much gentler slope: 3.63 Hz/csec to 5.33 Hz/csec in the median. 
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Type A Type C 

Sets 1 and 2 
Subject 

A B C 
Set 3 

l(Male) 3.47 4.11 5.33 1.70 

2(Male) 3.49 4.20 4.75 ---
3(Female) 4.60 5.63 6.22 4.03 

4(Female) 6.47 7.17 10.00 5.00 

5(Female) 5.73 7.17 7.47 6.25 

6(Female) 7.21 10.34 10.20 5.79 

7(Male) 2.09 3.00 3.63 2.40 

Table 3: Median of F0 fall (Hz/csec) by subject 

We have so far observed delayed pitch fall cases in which the first vowel of 
/Vm V / is accented. Let us now compare these delayed cases with set 3 tokens 
which have an accent on the second vowel of /Vm V /. For example, in Subject 
1, the slope for Type C Tokens is more than 5 Hz/csec, whereas the slope for set 
3 is 1.7 Hz/csec. In Subject 5, the slope is 7.47 Hz/csec for Type C tokens, but it 
is 6.25 Hz/csec for set 3. That is, the tokens with an accented second vowel (set 
3) shows a milder slope. This is clearly illustrated in Figure 4, which gives a 
minimal pair, /ami/ vs. /amr/. The former has accent on the first vowel but with 
delayed pitch fall, and the latter has accent on the second vowel (without delayed 
pitch fall.) Note that the F0 peaks occur in virtually the same place and that 
the rising F0 contours have virtually the same slope. But the fall rates are 
different in these two words. The word /amr/ shows a gentler slope in com
parison with /ami/. 
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Figure 4: F0 contours of a delayed fall token in set 2 and of a 
non-delayed token in set 3 (Numbers indicate segmental boundaries) 

3. Conclusions 

We have determined that delayed pitch fall occurs in Japanese, but its 
occurrence varied from speaker to speaker as well as from token to token in the 
same speaker. The overall occurrence was 58% in our experiment. When the 
first syllable in the word is accented in sentence-initial position, the frequency 
reached about 80% of the time. Second, there is positive correlation between the 
steepness of F0 fall and the degree of delay --- which is compatible with our 
working hypothesis. The general tendency is that the F0 fall becomes steeper as 
the peak is delayed from the first vowel to the second vowel in the /V m V / 
sequences. Third, the phenomenon of delayed pitch fall is more common in 
female speech than in male speech among our subjects. F0 peak occurred in the 
post-accent vowel 38% of the time for the female subjects and only 5% of the 
time for the male subjects. 
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