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ABSTRACT

Vowel devoicing rates in Japanese were examined at
three different speaking rates. The results showed that
effect of speaking rate was generally minimal, and that
high vowel devoicing occurred at all tempi, but the effect
of tempo varied depending on the devoicing
environment: (1) type of preceding consonants and (2)
devoicing condition, single or consecutive devoicing
environments. There was no tempo effect in single
devoicing condition, but more devoicing occurred at
faster tempi in the consecutive condition. Unlike
similar phenomena in other languages, Japanese vowel
devoicing does not appear to be an optional process in
fast speech, but more positive process partly controlled
by its syllable structure.

1. INTRODUCTION

The phenomenon called vowel devoicing and similar
phenomena such as deletion and reduction have been
reported in many languages. In most languages,
phonetically weak vowels or intrinsically short vowels
such as high vowels and [3] are often devoiced in an

unstressed position, and vowel devoicing is usually
treated as an optional process in fast or casual speech. In
Standard Japanese, however, high vowel devoicing is
treated as a compulsory phonological rule. An earlier
study ([1]) demonstrated that high vowel devoicing
occurred very regularly and confirmed that Japanese
vowel devoicing was a compulsory process, but this
process was limited to the environment where there was
no devoiceable vowel in a neighbouring mora. The
claimed blocking factors such as accentedness, presence
of word boundary and type of preceding consonant were
not effective in the single devoicing environment.
However, not all devoiceable vowels were devoiced in
the environment where consecutive devoicing was
possible. In the consecutive devoicing environment,
these blocking factors became effective and blocked some
of the devoiceable vowels from being devoiced ([1]).

Similar to other languages, vowel devoicing in Standard
Japanese involves the high vowels /i, w/, which are
intrinsically shorter in duration compared with other
vowels, and the devoicing occurs between voiceless
consonants or between a voiceless consonant and a
pause, for both of which the glottis is wide open. In
many languages, the process is typical in fast speech, in
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which the process initially involves vowel centralisation
and durational reduction. However, Japanese vowel
devoicing involves a slightly different process from other
langnages. It is because (1) vowel devoicing in Japanese
does not involve obvious vowel ceniralisation or
durational reduction depending on stress or accentual

. status, (2) vowels are not normally neutralised in an

unaccented position or in fast speech, and (3) devoicing
occurs regularly not only in fast speech but also at a
normal speaking rate. On the other hand, voiceless
vowels in Japanese are not independent phonemes, but
are treated as allophones of their voiced counterparts
([7]). Physiological studies also reported that there was
a positive movement of opening the glottis during the
production of voiceless vowels ([4],[8]). Both studies
concluded that vowel devoicing in Japanese was not just
a mere skipping of phonatory activity but was more
positively controlled process by the speaker’s intention.

In this paper, 1 will examine whether vowel devoicing in
Japanese is a physiologically oriented process (phonetic
undershoot), similar to processes found in other
languages ([31). If it is, when the speech rate increases,
the vowel devoicing rates also increase and voicing of
vowels is more greatly retained at a slow speaking rate.
On the other hand, if devoicing is more of a
phonologically controlled process, the effect of speaking
rates is minimal and devoicing will also occur at a slow
speaking rate.

2. METHODS

41 test words were chosen for the experiment: 20 words
with a single devoicing site, e.g./sjokikaN/ ‘cabinet
secretary’, and 21 words with consecutive devoicing
sites, €.g. /jusjutukiti/ ‘exporting centre’ (the underlined
vowels are devoiceable). Two prose texts were created
containing all the test words. 2 male and 4 female
Standard Japanese speakers read the texts at 3 different
tempi, ‘fast’, ‘normal (comfortable)’ and ‘slow’, three
times for each tempo.

Recorded data were analysed using the ESPS Waves+
package at the sampling rate of 16 KHz. Voicing of
vowels were determined by the speech pressure
waveform; partially voiced vowels with periodic waves
repeating between 3 to 9 times were categorised as
‘voiced’, whereas ambiguous vowels with 1 or 2 pulsed
on the waveform were treated as ‘voiceless’.
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3. RESULTS AND DISCUSSION
3.1 Type of Preceding Consonants

As shown in Figure 1, devoicing rates were higher at
faster tempi and lower at slower tempi for all preceding
consonant types. However, the results of a two-way
ANOVA found that the effect of tempo was not
significant [F(2,24)=2.315, n.s.], but the effect of
consonant types was significant [F(2,24)=11.284, p
<.001]. Devoicing rates were significantly higher when
the vowels were preceded by fricatives than by affricates
and plosives. Interaction between speaking tempo and
consonant type was not significant [F(4,24)=.363, n.s.].

Figure 1 Devoicing rates determined by the type of
preceding consonant at three tempi. (| Standard error of
means)
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3.2 Effect of Devoicing Condition

The results of the previous experiment [1] showed that
devoicing rates were largely dependent on the position in
an utterance and devoicing condition, i.e. single or
consecutive. The devoicing rates in citation forms of
words at normal speaking rate were not necessarily high
for all types of preceding consonants, but when utterance
final position and consecutive devoicing environments
were excluded from the statistics, the devoicing rates
were much higher, and vowel devoicing seemed to be
almost compulsory. Therefore, in this experiment, too,
devoicing rates were calculated excluding consecutive
devoicing environments and utterance final positions.
The results are shown in Figure 2.

The results of a two-way ANOVA showed that there
were no significant effects of speaking tempo
[F(2,24)=2.223, n.s] nor consonant types [F(2,24)=.928,
n.s] on devoicing rates. In other words, there was no
effect of speaking rate on vowel devoicing regardless of
the type of preceding consonants in the single devoicing
condition. Vowel devoicing seems to be an almost
compulsory process and the effect of speaking tempo
was minimal as long as a devoiceable vowel was not in
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an utterance final position, and there were no devoiceable
vowels in neighbouring morae.

Figure 2 The devoicing rates determined by preceding
consonant excluding consecutive devoicing environments
and utterance final positions, at three tempi. (1 standard
error of means)

O fast

normal

B slow
— 1 1 1
2
S 100+ -
2 ' -
8 804 ~
2 . -
3 60 - =
.g i A
2 40 -
o - !
& 204 -
g - b

O -

S

plosive  fricative affricate
Type of preceding consonant

Figure 3 shows the combined devoicing rates of three
types of preceding consonants under three devoicing
conditions at three speaking tempi. The results of a
two-way ANOVA showed that when the type of
preceding consonants was not considered, both effect of
speaking tempo and effect of devoicing condition were
significant: devoicing rates were higher at faster tempi
[F(2,84)=12.324, p <.025] and in the single devoicing
environment [F(2,84)=4.217, p <.001]. However, no
interaction between speaking tempo and devoicing
condition was observed [F(4,84)=.059, n.s].

Figure 3 Combined devoicing rates of all types of
preceding consonants under three devoicing conditions at
three speaking tempi . (1 Standard error of means)
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Figure 4 (a)~(c) Comparison of the devoicing rates
determined by the type of preceding consonants in three
devoicing conditions, at three tempi. (1 Standard error of
means)
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Table 1 Two-way ANOVA table by the type of
preceding consonants taking (a) devoicing condition and
(b) speaking tempo as factors

*=p <01, ** = p<.001)

Preceding Factors

consonants | (a) condition (b) tempo-
Piosives | F(2,24)=7.167, * F(2,24)=3.107, n.s.
Fricatives | F(2,33)=1.312, n.s. | F(2,33)=2.105, n.s.
Affricates | F(2,9)=32.812, ** | F(2,9)=2.835, n.s.

When effect of devoicing condition was examined by the
type of preceding consonant, a slightly different effect
was observed. As presented in Table 1, a two-way
ANOVA by type of preceding consonant found that the
effect of devoicing condition was significant for
preceding plosives and affricates, but not significant for
fricatives. The effect of speaking tempo was not
significant, for all preceding consonants.

Physiological studies ([2], {51, [9]) suggested that
preceding fricatives and affricates trigger devoicing of a
following high vowel more than preceding plosives.
However, our experimental results showed similar
devoicing rates of preceding plosives and affricates. This
may have been partly caused by the environments where
vowel devoicing preceded by affricates occurred. Since
consecutive devoicing over two morae is not favoured
and preceding fricatives seem to trigger more devoicing
([1D) , vowels preceded by affricates are likely to remain
voiced when vowels in adjacent morae were preceded by
fricatives. Also quite a few vowels preceded by affricates
appeared in a position followed by an internal word
boundary, where vowel devoicing is not favoured ([1]).
These factors may have brought the devoicing rates for
preceding affricates down.

3.3 Factors Hiding behind Tempo

There were some problems of controlling tempo.
Firstly, it appeared difficult for all subjects to keep a
constant speaking tempo, especially at fast and slow
tempi. They started off at fast and slow tempi, but
tended gradually to revert to normal tempo. It was
noticeable that when a subject made a mistake,
especially at fast tempo, there was a tendency to slow
down a little.

Secondly, there was a tendency for all subjects to change
the duration of pauses, rather than the actual speaking
rate. At fast tempo, the subjects did not pause very
long; they tended to read sentences one after another
without taking enough of a pause. On the other hand, at
a slow tempo, not only did they take a long pause
between sentences, but also they inserted a pause more
often. Therefore, the actual speaking rate of each word
or sentence may not have differed very much among the
three tempi. However, this may be the reality of speech
at difference tempi: fast speech actually means taking a
shorter pause and slow speech actually means taking a
longer pause.

Moreover, the speakers did not insert pauses at random.
They tended to slow down and pause between sentences,
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phrases, words, and at internal word boundaries. When
they inserted a pause between words and at an internal
word boundary, this made the preceding mora utterance
final, where devoicing rates of high vowels tend to be
lower ([1], [6]). When a subject inserted a pause in a
given position in one utterance but did not in another,
the devoiceable vowel in the preceding mora was usually
voiced in a prepausal position (utterance final), but
usually devoiced in the other utterance (non-utterance
final). It seems that some blocking factors for Japanese
vowel devoicing, such as position in a word, are more
sensitive to speaking tempo than others. Slow tempo
may have directly caused the lower devoicing rates, but it
may also have created an ideal environment in which to
block vowel devoicing such as pausing at an internal
word boundary, and indirectly lower devoicing rates in
devoicing environments.

3.4 Two Factors of the Effect of Tempo

The experimental results suggested that there was an
overall tendency for vowel devoicing to occur more at
faster tempi than slower tempi, but there seemed to be
different tempo effect depending on the devoicing factor.
The results of statistical analysis suggested that the most
important factor for high vowel devoicing in Japanese
was the type of preceding consonants. When high
vowels in the devoicing environment were preceded by
fricatives, the devoicing rates were very high regardless
of speaking tempi and devoicing conditions.

The second important factor seemed to be the devoicing
condition. The statistical results showed that the effect
of preceding consonant type was significant when all
devoiceable vowels were included and also when
utterance final positions were included, but not
significant in the single devoicing condition. Dévoicing
rates were normally significantly higher when
devoiceable vowels were preceded by voiceless fricatives
even in the condition excluding utterance final positions.
However, in single devoicing conditions, there was no
significant difference in devoicing rates regardless of type
of preceding consonant.

The results imply that vowel devoicing in Japanese is
not the result of a mere glottal assimilation between a
short vowel and adjacent voiceless consonants, nor an
optional fast speech phenomenon. There are two factors
relating to the effect of speaking tempo on vowel
devoicing. The effect of speaking tempo applies to two
factors for devoicing; firstly to the type of preceding
consonants and secondly to the devoicing condition. If
the first devoicing factor (type of consonants) is tempo
sensitive (plosives [or affricates]), it defers to the second
factor (devoicing condition), but if the first factor is
tempo non-sensitive (fricative, and perhaps affricates),
the vowel becomes voiceless by default.

4. CONCLUSIONS
The experimental results showed that the effect of

speaking rate on high vowel devoicing was generally
minimal, but it was effective in certain devoicing
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environments. Preceding fricatives triggered devoicing
constantly and no significant effect of tempo was found
for preceding fricatives in all conditions, whereas for
preceding plosives and affricates, speaking tempo became
effective in consecutive devoicing environments, but not
in single devoicing environments, where most of
devoiceable vowel became voiceless. High vowel
devoicing as a whole does not seem to be a fast speech
phenomenon, but consecutive devoicing over two morae
seems to be fast speech phenomena.

However, speaking rate may not have been a direct
controlling factor for vowel devoicing. Other factors
which affect devoicing directly, such as position in an
utterance and presence of internal word boundary, are
sensitive to speaking tempo and these factors may
directly trigger voicing of following devoiceable vowels.
The low devoicing rates with preceding affricates may
have been caused by the phonological environments in
the test words in the experiment, and devoicing rates
could be as high as when preceded by fricatives, as
physiological studies suggest.
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