HENIE H13EE3E
2009(¥ﬂ9l)§125
85-89H

Journal of the Phonetic Society
of Japan, Vol.13 No.3
December 2009, pp.85-89

Modulation Spectrum and Rhythmic Units of Japanese
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1. Introduction

The Japanese language is said to have mora-timed
rhythm, but researchers do not agree on the definition
of such rhythm (see Warner and Arai 2001). Some
researchers have related the rhythm to the timing of
certain speech units'. They assume that the mora is an
isochronic unit (Han 1962) or that the length of a higher
level structure such as a word is predictable from the
number of morae in it (Port, Dalby and O’Dell 1987).
The modulation spectrum is thought to be related to the
timing of certain speech units, and it is these possible
rhythmic units in Japanese speech which we seek to

identify in this work.

The modulation spectrum is a 1/3-octave-band, long-
term average spectrum obtained from intensity contours
(Houtgast and Steeneken 1985), and its importance to
speech intelligibility has been repeatedly emphasized.
“The modulation spectrum reflects fluctuations in

SERE

ently reflected in the modulation spectrum.
The relation of the modulation with speech units has

been discussed (Arai and Greenberg 1997, Greenberg
and Arai 2004). It was found that the modulation spec-
tra of English and Japanese speech have similar shapes
and both have their peaks around 4Hz, although the
durations of English syllables are longer than Japanese
ones in general. In English, the relation of the modula-
tion spectrum with the distribution of syllable types and
durations has been investigated in detail: the central
core of the modulation spectrum, namely, 4-5Hz, cor-
responds to the region where both accented and unac-
cented syllable durations converge. On the other hand,

the relation of the modulation spectrum with speech

units in Japanese speech has yet to be explored. Thus
far, it has been suspected that units longer than one
mora (e.g. bimoraic syllables including a long vowel,
and coalescences of a usual mora and its adjacent
devoiced mora) contribute to the modulation spectrum.

energy associated with articulatory dynamics ... during Research using TEMAX, a spectrographic analysis

the production of speech” (Greenberg and Arai 2004).
For example, the syllable nucleus generally has greater
amplitude than the onset and coda, and hence the inten-
sity rises and falls gradually over time, which is inher-

of amplitude contours, has proposed bimoraic feet as
a rhythmic component in Japanese speech, having
found two rhythmic components, corresponding to
morae and bimoraic feet,

respectively (Kitazawa,
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Sugiura, Shitaoka and Kobayashi 1996, Ayusawa,
Kitazawa and Toki 1998). Because of the technical
commonality of the modulation spectrum and TEMAX,
the findings observed with TEMAX might also be seen
in the modulation spectrum.

2. Analysis

The analysis presented in this paper used all speech
data contained in the speech corpus Japanese MUL-
TEXT (Kitazawa 2004). This corpus contains speech
files of short passages with time-aligned phonemic
Jabels. Three male and three female speakers read 40
passages in two styles: reading and simulated spontane-
ous speech. In total, the corpus consists of 240 speech
and [abel files (6 speakers x 40 passages) for cach style.
The total duration of the recording is 107min 52s for
reading and 109min 11s for simulated spontaneous
speech®. The 40 passages include 6,897 morae in total®.

Fig. 1 shows the average modulation spectra for the
read speech and simulated spontaneous speech. It can
be seen that they have very similar shapes and both
have their peaks around 4-5Hz, as expected from pre-
vious studies. The peak in simulated spontaneous
speech is slightly higher than in read speech, probably
because the simulated spontaneous speech is slightly
faster.

Fig.2 shows the distribution of the durations of
morae classified into seven types. CV and CJV morae
are, as expected, longer than the other types of morae,
namely, morae counsisting of a vowel only (V), special
morae (N, Q), and morae whose vowel is devoiced (CV
devoi, and CJV devoi)*.

Fig. 3 shows the durations of the mora and larger
units. The mora in Fig. 3 includes all the mora types
mentioned above. A phonological syllable refers to a
unit that consists of a mora optionally followed by
vowel-only morae (V) and/or special morae (N, Q). A
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Fig. 1 Modulation spectrum (Left: Read speech; Right: Simulated spontaneous speech)
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Fig. 2 Duration of each type of morae (Left: Read speech; Right: Simulated spontaneous speech)
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phonetic syllable may be a phonological syllable alone,
or it can also include devoiced morae (CV devoi, CIV
devoi) as prefixes, and/or as suffixes before a pause. In
other words, a phonological or phonetic syllable may
consist of one mora, or it may include one or more addi-
tional non-C(J)V or devoiced morae.

The peaks of the distributions of the mora, phono-
logical syllable, and phonetic syllable are at the same
duration. This indicates that most of the phonological
and phonetic syllables consist of only one mora.

The “bumps” in the distributions of the phonological
and phonetic syllables around 200-250ms in read
speech (left graph in Fig. 3) suggest that additional
morae maintain their durations, which might contribute
to the 4—5Hz peak seen in the modulation spectrum. On
the other hand, the slopes are more gradual in simulated
spontaneous speech, which suggests that the durations
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of the additional morae may be shortened.

Fig. 4 shows the duration of two successive morae or
phonological/phonetic syllables. All of the distributions
have their peaks within or around 200-250ms, which
corresponds to 4—5Hz.

3. Discussion

The shape of the modulation spectrum is related to
the timing at which local peaks in the infensity contour
occur in the speech signal. In particular, the peak in the
modulation spectrum is thought to correspond to the
units that repeatedly occur at the same interval. In a pre-
vious study (Greenberg and Arai 2004), the central core
of the English modulation spectrum was demonstrated
to be at 4-5Hz, which corresponds to 200-250ms, where
both accented and unaccented syllables converge.
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Fig. 3 Duration of morae, phonological syllables, and phonetic syllables (Left: Read speech; Right: Simulated spontanc-
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The modulation spectra obtained from the Japanese
data here also showed their peaks around 4-5Hz
(Fig. 1), which corresponds to the duration of 200-
250ms. In the analysis, no types of morae showed 200-
250ms peaks (Fig. 2). The peaks of the distributions of
phonological and phonetic syllables were not seen at
200-250ms, but those consisting of more than one mora
were inferred to be distributed around 200-250ms
(Fig. 3). The peaks of two successive morae and phono-
logical/phonetic syllables were found at 200-250ms
(Fig. 4). Taken together, these results indicate that
bimoraic or bisyllabic feet, rather than single morae or
syllables, correspond to the peak in the modulation
spectrum.

Put another way, bimoraic or bisyllabic feet have
greater effects on intensity contours than single morae
or syllables. This corresponds to the implications of
previous studies. Arai and Greenberg (1997) empha-
sized the importance of “syllables” consisting of more
than one mora. While they do not use the term foor
specifically, some of their “syllables” correspond to feet
as used in this paper. Ayusawa, Kitazawa and Toki
(1998) regard feet as rhythmic units, and they also
observed that not only diphthongs and long vowels but
two-mora coalescence often creates a large bump in the
amplitude contour because the dip between the morae
is small (p. 40).

This paper describes the rough relationship between
the modulation spectrum and bimoraic or bisyllabic
feet. These feet occur repeatedly at a rather constant
interval and have considerable effects on the intensity
contours.
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Notes

1) The rhythm of Japanese has been approached from
various aspects. Others regard the rhythmic difference
among languages as a reflection of structural factors, such
as syllable structures and the like, rather than timing spe-

cifically (Ramus, Nespor and Mehler 1999). Also, some
discuss the human competence of coordinating units in
speech production (Tajima 1998) and the role of the unit
in perception (Cutler and Otake 1997).

2) The duration of the recording is cited from Kitazawa,
Kitamura, Mochiduki and Itoh (2001).

3) The number of morae was counted by the author, which
is different from the count given in Table 2 in Kitazawa,
Kitamura and Itoh (2002).

4)  The number of CJV devoi is very small, and its distribu-
tion is not clearly seen in Fig. 2.

5) The durations of phonological syllables were calculated
automatically without considering phonological and mor-
phological constraints. For example, VV sequences which
are usually regarded as vowel hiatuses rather than diph-
thongs in the phonology literature were counted as consti-
tuting one syllable.
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