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On Vowel Devoicing in Japanese

J. Kevin VARDEN

Abstract

This paper reports on research into High Vowel Devoicing in Standard Modern Japanese. The data

discussed support an analysis both phonological and phonetic: phonological devoicing involving the

feature [+spread glottis] to explain devoicing at very slow speech rates, and phonetic devoicing in-

volving gestural overlap of the vowel’s voicing gesture by glottal spreading gestures to explain ob-

served speech rate effects. In addition, the following conclusions can be drawn from the current data

set: 1st mora vowels devoiced significantly more often than 2nd mora vowels. Males devoiced more

often than the females. SR had a smaller but still significant effect; devoicing environment had less

influence still. Many instances of consecutive devoicing were observed. Finally, the extreme individual

variation observed warrants caution extending the conclusions of any small-sample study to any wider

population.

1. Introduction

High Vowel Devoicing (HVD), whereby
the high vowels [i] and [u] are pronounced
without voicing, is one of the hallmarks of
Standard Japanese. It is generally considered
rare, although a diverse number of the world’s
languages display vowel devoicing —see Kondo
(1997) ch.2 for further discussion, Gordon
(1998) for a cross-linguistic survey.

Analysis of HVD in the literature has
evolved from a context sensitive feature-
changing rule operating on the feature [voice]
(McCawley 1968) to a P 2 rule within Lexical
Phonology (Kaisse & Shaw 1985), overlap of
glottal spreading gestures in Articulatory Pho-
nology (Jun & Beckman 1993; Imaizumi et al.
1995), spreading of the feature [+spread glot-
tis] in Feature Geometry (Varden 1998), and
ranking of constraints within Optimality The-
ory (Tsuchida 1997, 2001; Teshigawara 2002).

223

While it has been characterized as a fast-
speech rule (Hasegawa 1979; Kuriyagawa &
Sawashima 1989 ; Maekawa 1990a), a fast speech
rate (SR) is not a necessary condition. Sakuma
(1929) reported that if a word contains only
one devoicable vowel it must be devoiced;
Bloch (1950) and Kawakami (1977) both main-
tained that high vowels in a devoicing envi-
ronment are voiced only in unnaturally
careful speech. Vance (1987: 55) suggested a
reduced SR effect for some speakers while
Beckman (1994: 57) reported devocalization
(loss of vowel formants in devoicing sites) oc-
curring even in the most carefully read
speech. Kondo (1994) reported one speaker
devoicing all nine vowels in non-consecutive
devoicing sites at a normal SR, and voicing
only one of nine vowels at the slow SR. Han
(1994: 76) reported some participants devoic-
ing many vowels at all SRs. In addition, Yuen
& Hubbard (1998) found that sociological fac-

tors, in particular gender and speaking style,
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played a greater role in devoicing than “other
factors”, including SR.

One possible source of variation in these
studies may be speaker age. Varden & Sato
(1996; see also Sato & Varden 1997) found two
participants aged 21 and 25 devoicing many
more vowels than a participant in her mid-30s,
suggesting higher devoicing rates among
younger speakers. The study discussed here,
Varden (1998), was therefore designed to test
the effects of SR and other factors on devoic-
ing by college-age Tokyo speakers, and to ex-
plore factors affecting non-devoiced vowel
length.

The data set supports a SR effect on HVD
for the participants in the study. However,
moraic position of the devoicing site and par-
ticipant gender played a much larger role.
Crucially, devoicing was observed at even
the slowest SRs. This observation combined
with observed SR effects warrants analyzing
HVD as both phonological (i.e.due to feature
change) and phonetic (i.e.due to low-level ar-
ticulator gesture overlap). The study also
found evidence for both possible resolutions
to a pitch accent/devoicing clash reported in
the literature: accented vowel devoicing and
pitch accent shift. The pervasive frication ac-
companying vowels in devoicing environ-
ments is discussed in Varden (2009; in press),
while full Feature Geometry representations
of devoiced, voiced and fricativized Japanese
vowels are left for future work.

The organization of the paper is as fol-
lows. 82 introduces the methods and proce-
dures used to generate the data set. 83 gives a
brief summary of factors affecting token and
non-devoiced vowel length, while 84 discusses
those affecting devoicing. 85 reports on ob-

served interactions between devoicing and
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pitch accent. 86 reviews the evidence for two
devoicing processes, and 87 gives indications

for further research.

2. Methods & Procedures'

Since the primary aim of Varden (1998)
was to examine HVD by younger Tokyo Japa-
nese speakers, six female and four male par-
ticipants ages 18 to 23 were recruited from
among the student population of a Tokyo uni-
versity. All reported no significant L 2 ability;
all were paid for their participation.

Stimuli consisted of 10 nominal tokens of
the canonical form CVCV, C a voiceless ob-
struent and V a high vowel, followed by the
syntactic particle fo ‘and’ or ka ‘or’. Both to-
ken vowels were therefore potential devoicing
sites since devoicing is a postlexical (P 2) rule
(Kaisse & Shaw 1985, Kaisse 1990).

were placed in sentence-initial coordinate nomi-

Tokens

nal structures of the form “A and B” or “A or
B”.

mora since Japanese is considered a funda-

Sentences were standardized at 9 or 10

mentally mora-timed language (Warner &
Arai 2001; Warner & Ogasawara 2006; Brady
et al. 2006) and were rendered in Chinese char-
acters and Japanese syllabary. Romanization
and translations are given below, with target
tokens underlined and standard pitch accent
as per NHK (1991) marked by apostrophe;
kuchi ‘mouth’ is unaccented.

(1) Stimuli used in the study and transla-

tions.
Tsuki’ to hoshi ga kakureta.

“The moon and stars are hidden.

Tsuchi’ ka hiryou ga iru.

‘We need dirt and fertilizer.
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Chichi’ to haha ga genki da.
‘Father and mother are healthy.

Chi’ki to kazoku ga suki da.

‘I like my friends and family.’

Ki’ki to fuan ga tsunoru.

‘Crises and anxiety are mounting’

Kishi’ ka kawa ga suzushi.
‘Either the riverbank or the river is re-

freshing.’

Kuki’ ka ha ga joobu da.

‘Either a stem or a leaf is strong.’

Kushi’ ka burashi ga hoshii.

‘I wish I had a comb or a brush.

Kuchi to hana ga ookii.

‘His mouth and nose are big.’

Ki'chi ka honbu ga chikai.

‘Either the military base or main office are

close by.

After ensuring familiarity with all Chi-
nese characters, the sentences were presented
in random order on a computer monitor. Par-
ticipants matched their productions to display
times of 4.0s, 2.8s, or 1.7s for the slow, normal
and fast SRs, respectively.? For training, three
random sentences were displayed once at each
SR. One training run proved sufficient to
learn the paradigm; no difficulties completing
the task were observed or reported. Produc-
tions were recorded at 44.1 kHz on a Sony
DAT recorder and downsampled onto an Ap-
ple computer at 22.05 kHz. A total of 180 stim-
uli were presented to each participant (10

sentences x 3 SRs x 6 repetitions at each SR)
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in two blocks with a short break between, re-
sulting in 3600 devoicing sites (10 P x 180 repe-
titions x 2 devoicing sites in each token).
Initial signal analysis was performed with
the software Signalyze™ ; follow-up mea-
surements were made with Signalyze™ and
Praat™ (Boersma & Weenink 2009). Devoic-
ing judgements and vowel voicing durations
were taken from waveforms filtered at 1 kHz
in conjunction with wide- and narrow-band
spectrograms. The start and end of voicing
was judged by the onset and offset of the cy-
clic activity using the sinusoidal envelope of
the waveform as a guide, with incidences of
irregular voicing ignored (see Varden 1998 on-
line ch.4 for details).
was performed with StatView™ and Super

Statistical analysis
Anova™. Logistic regression ANOVA and
ANCOV A models were constructed by Univer-
sity of Washington statistical consultants, one
model of each including the factor PARTICI-
PANT and the other the factor GENDER.

3. Factors affecting token

and voiced vowel duration

As SR increases, one would expect a de-
crease in overall token duration and a con-
comitant decrease in vowel voicing duration.
In addition, since vowel devoicing and dele-
tion can drastically affect word durations
(Warner & Arai 2001; Warner & Ogasawara
2006), tokens containing two devoiced vowels
should be shorter than those containing one,
which should be shorter than those containing
only voiced vowels. While a full reanalysis of
the interplay between SR increase and token/
vowel voicing durations for the current data
set is still pending, this section provides a

brief summary of factors affecting token and
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voiced vowel duration.

Two ANCOVA models were used to deter-
mine effects of factors on token duration. The
ranking of significant factors is given below
(#pEV is the number of devoiced vowels in a
token; REPETITION is the ordinal number of a
given repetition).?

(2) ANCOVA factor ranking for effects on
token durations (GENDER model).

SR (F=1700) >#pEV (F=210) >GENDER (F

=37) >TOKEN (F=T7.6) >REPETITION (F=5.6)
(3) ANCOVA factor ranking for effects on

token durations (PARTICIPANT model).

SR (F=2500) > #pEV (F =100) > PARTICI-

PANT (F=97) >TOKEN (F=8.8)

Combining results from both models gives
the following simplistic ranking of effects.
(4) Simplistic factor ranking for effects on

token durations.

SR>>#DEV > PARTICIPANT > GENDER > TOKEN

>REPETITION

As expected, both SR and the number of
devoiced vowels in the token affected token
durations. SR in particular had a large effect;
recalling that all tokens are 2 mora long, the
average token duration across all tokens and
participants was 273 ms at the fast SR, 356 ms
at the normal SR, and 472 ms at the slow SR.
Although there was significant overlap in to-
ken durations between the three SRs due to
natural variation in speech production, the
program used to generate the data was judged
to be successful. The number of devoiced
vowels in a token also had a large effect; i.e.
across SRs and participants tokens containing
two devoiced vowels averaged 288 ms, those
containing one devoiced vowel averaged 360
ms, while those containing none averaged 448
ms. There was more variation attributable to

individual differences than gender, while the
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effects due to devoicing environment (seg-
mental context and pitch accent) had much
less effect. There was also a very small effect
due to variation between different repetitions
of the same token by a given speaker, readily
attributable to normal speech variation.

The following gives the ranking of effects
generated by the two ANOV A models used for
effects of factors on voicing durations.

(5) ANOVA factor ranking for effects on
vowel voicing durations (GENDER
model).

MORA (F=290) — sr (F=260) — GENDER

(F=14) — ToKEN (F=5.3)

(6) ANOVA factor ranking for effects on
vowel voicing durations (PARTICIPANT
model).

SR (F=320)—>MORA (F=300)—>PARTICIPANT

(F=53) — BLocK (F=18) — TOKEN (F

=74)

Combining results from both models give
the following simplistic ranking of effects.
(7) Simplistic factor ranking for effects on

vowel voicing durations.

MORA, SR->PARTICIPANT > GENDER > TOKEN

As SR increased, vowel durations in gen-
eral decreased, but first mora vowels were sig-
nificantly shorter than those in the second

mora across SRs, as can be seen in the follow-

ing table.
Table 1 Average voiced vowel durations
at each SR.
SR Average voiced vowel durations
1st mora 2nd mora
fast 56 ms 62 ms
normal 59 ms 78 ms
slow 72 ms 99 ms

As for minor effects, the average vowel voic-

ing durations produced by the females
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increased slightly during the course of the ex-
periment while it decreased slightly for the
males. Finally, vowel durations decreased
more for some tokens than others, although a
thorough examination of the factors involved
is still pending.

Factors affecting the number of devoiced

vowels in a given token will now be examined.

4. Factors affecting number
of devoiced vowels

Two ANOVA models were used to deter-
mine effects of factors on the number of de-
voiced vowels in a token, again one model con-
taining the factor GENDER, the other containing
the factor PARTICIPANT. The following ranking
of main effects was observed for each model.
(8) aNova factor ranking for number of

devoiced vowels (GENDER model)

MORA (F=570) >GENDER (F=380) >sr (F

=89) >TOKEN (F=9.2)

(9) ANOVA factor ranking for number of
devoiced vowels (PARTICIPANT model)

MORA (F=630) >srR (F=98) >PARTICIPANT

(F=86) >TOKEN (F=10)

Collapsing the two results gives the fol-
lowing simplistic ranking of factors affecting
the number of devoiced vowels in a token:
(10) Simplistic ANOVA factor ranking for

effects on number of devoiced vowels

MORA > GENDER>*SR > PARTICIPANT>>TOKEN

The most significant factor affecting
vowel devoicing in the current data set was
by far vowel location: first mora vowels (V 1)
devoiced significantly more often than second
mora vowels (V 2) for nine of ten of the speak-
ers. GENDER also had a large effect on devoic-
ing, with males overall devoicing more than

females. The effects of SR and PARTICIPANT
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(individual variation) were smaller but note-
worthy. The effect of TOKEN (combined seg-
mental and pitch accent influences) was
statistically significant with the caveat that
the much larger effect of the other factors
may have inflated its significance. Compare
this result with the ranking of effects given in
Yuen & Hubbard's (1998) report on the effect
of gender on devoicing rates: vowel length
(single or double), speech style (read or con-
versational), gender, and others (SR, word po-
sition, and neighboring consonants). In both
studies SR played a subordinate role to gender
in regard the number of devoiced vowels.
Each of the factors included in this study

will now be discussed in more depth.
4.1. Effects of MORA on vowel devoicing

In an earlier study, Kuriyagawa &
Sawashima (1989) also noted a higher inci-
dence of V1 devoicing, attributing it to the
larger maximal glottal opening associated
with word-initial aspiration than with word-
medial aspiration. In the current study the
sentence- and phrase-initial placement of the
tokens may also have further contributed to
prosodic strengthening and hence greater as-
piration and devoicing in the first mora. In
addition, six of ten tokens used are accented
on V 2, making it more likely for the unac-
cented V 1 to devoice. These two factors most
likely conspired to produce the large imbal-
ance in V 1 and V 2 devoicing seen in the data.

The effect of MORA was larger than the ef-
fect of SR by an order of magnitude in both
statistical models. Across the entire data set,
499% of 1,800 tokens contained only a devoiced
V 1, 16% contained only a devoiced V 2, 15%
had both vowels devoiced, with 20% having

both vowels voiced. There was a significant
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interaction between MORA and SR (F, s =24,
p < .05 for the model including GENDER; [y, 3553
=26, p < .05 for the model including PARTICI-
PANT) ; this effect can be seen in the following
figure. (The bottom line gives the percent to-
kens with a devoiced V 1 only at each SR; the
middle line the percent tokens with a devoiced
V 2 only at each SR; the top line the percent
tokens with both vowels devoiced at each SR.
Line positions give cumulative totals.)

13

5.0« 100 14
592
gg% . - 13 =#=Both

g = 60 19 s V 2 only
s5g 40 49 58

£2 2 40 =4=V 1 only
X3z

Slow Normal Fast

Figure 1 Percent tokens containing devoiced
vowels, by mora and SR.

As can be seen, as SR increased (left to right)
the percentage of tokens containing both
devoiced vowels increased: 7%, 14%, and 23%
at the slow, normal and fast SRs, respectively.
For those tokens where both vowels did not
devoice, devoicing preference shifted toward
V 1, with the percentage of tokens containing
only a devoiced V 2 decreasing.

There was also a significant interaction
between MORA and TOKEN (F g5 =48, p < .05
for the model including GENDER; F| s555 =02,
p < .05 for the model including PARTICIPANT).
Figure 2 gives the percent vowels devoiced by
MORA and TOKEN, tokens arranged in descend-
ing order of V 1 only devoiced. Line positions
again give cumulative totals; percents are

given in Table 2 below.

oh®]

§8

55 8

55 60

s a0 =#=Both

Q v w

hal=ket = V 2 onl

BEE 2 ~ v

82 0 -#=V 1 only
ZEZZEE2 ZEZ
238 R 58~ gEE

Figure 2 Percent tokens containing devoiced

vowels by mora and token; tokens
in descending order of percent V1
devoiced.

At the high end of the devoicing spectrum,
across the data set 88% of the productions of
tsuki contained only a devoiced V 1, while
none contained only a devoiced V 2. 6% con-
tained both a devoiced V1 and V 2. At the
other end of the spectrum 27% of the produc-
tions of kushi contained a devoiced V 1 only
while 32% contained a devoiced V 2 only; 20%
contained both a devoiced V1 and V 2.

As for the effects of the preceding conso-
nantal on vowel devoicing, Han (1962) sug-
gested the following ranking of the previous
consonant’s influence: fricative > affricate >
stop. Likewise, Takeda & Kuwabara (1987)
stated that high vowels are more likely to
devoice after fricatives and affricates than af-
ter plosives. In figure 2 it is obvious that to-
kens with initial [tsu] devoiced much more
readily than other tokens —88% of the token
tsuki and 72% of the token tsuchi contained a
In addition, [tsul-

initial tokens in this data set are accented on

devoiced V1 across SRs.

V 2, further contributing to the tendency for V
1 to devoice. Similarly, the segmental effects

of a mora-initial [tf] can be seen in the rela-

Table 2 Percent devoiced vowels by mora and token; tokens in descending order of percent V 1 devoiced.

tsuki | tsuchi | chiki kuki chichi kishi kiki kuchi kichi kushi
Both 6 14 b) 11 11 17 9 33 21 20
V 2 only 0 1 13 7 14 31 20 14 27 32
V1 only 88 72 62 52 44 37 37 36 34 27
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tively high incidence of devoicing of V1 in
chiki and chichi.

The following figure gives the percent of
devoiced vowels for each preceding segment

by mora. Note that no first mora-initial frica-

tives were included in the study.
1009 - o
o :
=82 80% L]
% mg 60% 6% | song
=5 S 340
55T 40% 3 18%%
°28 20%
x3E gy
ts tf k i) tf k
mora 1 mora 2

Figure 3 Percent tokens containing devoiced
vowels by mora and mora-initial
segment.

The above devoicing rates are in general
agreement with previous studies, especially
when one considers that [ts] is generally sus-
tainable in Japanese, unlike [tf] which is not.
[ts] therefore classes with the fricatives [s]
and [[].

anced set of segments are called for to further

Further studies using a more bal-

tease out consonantal environment effects.

4.2. Effects of GENDER and PARTICIPANT

on vowel devoicing

The factor having the second largest effect on
vowel devoicing was GENDER. The differences
in the number of vowels devoiced in the study
by females (n = 6) and males (n = 4) can be

seen in the figure below.

& 100%
£ 80%
=2 —l T2
S5 609 T sgpg =T ST
] %A% —a— Male
S 40%
23 15% Female
:.‘5) 20% %
o >
28 0%
£ 0 Slow Normal Fast
Figure 4 Percent devoiced vowels by gender
and speech rate.
While the males in general devoiced more
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often than the females, as SR increased the
percentage of vowels devoiced by the females
increased more than the percentage devoiced
by the males. This is taken to be due to the
already extremely high devoicing rates for the
males at the slow SR.

However, these averages mask the large
individual difference among participants.
While the effect of PARTICIPANT on devoicing
was much smaller than that of MORa, it does
The

following figure gives the percent devoiced

signal significant individual variation.
vowels by participant. Individuals in each
gender group are ranked in descending order
by percent tokens containing at least one
devoiced vowel, female participants are on the
left (ANa to CS) and males on the right (YK

to YS). Bar heights give cumulative totals.

=2 100

=0 17 (]

£85 soi¥p@ 2 ¢ B

s> O 5 10

o 60 & o & 17

g5 2 Both

23 40 i | 1

23 6 4 W 0 d % V 2 only

‘SE’O 20 43 % n % 1 # V1 only

5=l I H O P NM® N iz »
ZeHDO ZZ 5

Figure 5 Percent devoiced vowels by gender
and participant.

Two things are obvious here. First is the large
effect of gender on devoicing — while the
males produced very few tokens with no
devoiced vowels (0, 1, 2, and 4, respectively, of
180 tokens each), for the females the number
of tokens containing no devoiced vowels
range from 6% for ANa to 58% for CS.* Sec-
ond, there is large individual variation in the
number of tokens with a devoiced V1 only
(26% to 68% for the females; 25% to 89% for
the males) and devoiced V 2 only (0% to 43%
for the females; 1% to 30% for the males) de-
spite all language back-

having similar
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grounds. This is consistent with the individ-
ual variation in devoicing rate reported in
other studies (e.g.Kondo 1994, 1997) and
speaks to extreme caution in extending re-
sults of studies with small numbers of partici-

pants to larger populations.
4.3. Consecutive devoicing

One of the supposed constraints on vowel
devoicing in Standard Japanese is a prohibi-
tion against consecutive devoicing, the de-
voicing of vowels in consecutive mora. How-
ever, both Maekawa (1990a, b) and Maekawa
& Kikuchi (2005) reported consecutive devoic-
ing; in the latter’s analysis of the Corpus of
Spoken Japanese, 84 of 318 (26.4%) consecu-
tive devoicing environments contained con-
secutively devoiced vowels. They also noted
when both vowels are preceded by affricates
consecutive devoicing approached 75%.

In the current data set all of the token
stimuli consist of consecutive devoicing envi-
ronments — both vowels of all tokens are
devoicable. And indeed, across the current
data set 14.7% of 1,800 tokens contained con-
secutively devoiced vowels. A representative
example is given below (U=devoiced [u];
I=devoiced [i]).

170 y
e [WHE @ rapg WM
< .-.. L
2 bt TR
A 80- o
tsU kI to ho shi ga ka ku re ta
Time (s)

Figure 6 Consecutive devoicing of vowels in
tsuki to ‘moon and’, participant YK.

The lack of voicing for both vowels of tsuki in
this production is evident by the lack of voice
bars and pitch trace across [tsUkI]. The range
of tokens containing consecutively devoiced

vowels for each participant can be seen in Fig-
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ure 5 above (the counts associated with ‘Both’).
Individual rates for consecutive devoicing
ranged from 0% for participants TO and YU
to 69.4% for participant YK. Eight of the ten
participants produced consecutively devoiced
vowels; whatever the constraints on its occur-
rence, consecutive devoicing is certainly not
prohibited for these speakers.

We will now turn to the interaction be-
tween vowel devoicing and pitch accent place-

ment.

5. Interaction between devoicing
and pitch accent

There are two common strategies for deal-
ing with a pitch accent/devoicing conflict in
Japanese: i) shift the pitch accent to another
vowel; or ii) devoice the accented vowel.
Works citing pitch accent shift away from a
canonically accented vowel in a devoicing en-
vironment include Bloch (1950), McCawley
(1968, 1977), and Haraguchi (1977). Works re-
porting devoicing of accented vowels include
Sakuma (1929) and Sugito (1966, 1969), a posi-
tion upheld by experimental studies (Sugito &
Hirose 1988 ; Kondo 1993, 1997; Tsuchida 1997;
Kitahara 1997; Varden 1997, 1998). Accented
vowel devoicing is also reflected in NHK
(1991), an accent dictionary of Standard Japa-
nese compiled by broadcasters, which lists
both voiced and devoiced variants for many
accented vowels. Both strategies can be seen
in the current data set. The loss of phrasal ac-
cent accompanying devoicing proposed by
Kitahara (1998) will not be discussed here
other than to note that the examples reported
in Varden (1998) as accent deletion upon
closer inspection turn out to be instances of

pitch range flattening, where the jump from
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the low pitch at the end of one phrase to the
high pitch at the beginning of the next phrase
was greatly reduced but still present. Discern-
ing the nature of these and other unusual
cases of pitch realization seen in the data set

are left for future work.
5.1. Pitch accent shift

One strategy for avoiding accented vowel
devoicing is to shift the pitch accent to an-
While this pitch shift strategy
may be disappearing for younger speakers
(Kondo 1997; Tsuchida 1997), it can still be
seen in the current data set. The following fig-

other vowel.

ure gives two productions of chiki to ‘friends
and’ by participant KT. The first is at the nor-
mal SR; the second at the slow SR.

f_.: 100 - e —
& chi ki to
E 400 4 *— ;

chl ki to

Figure 7 Productions of chiki showing accent
shift to second mora.

NHK (1981) lists two pronunciations for this
word, both with V 1 devoiced and V 2 voiced.
The first pronunciation has accent on the de-
voiced V 1; the second has accent on the voiced
V 2. In the first production above (upper pan-
el) both vowels of the token chiki are perhaps
unnaturally voiced but clearly show the pro-
totypical pitch pattern for a word accented on
V 1; the pitch falls from the high level associ-
ated with the accent to the low pitch level as-
sociated with the end of the nominal phrase
(see Pierrehumbert & Beckman 1988 for exten-
sive discussion of accent assignment in the
Tokyo dialect). Although not a standard
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pronunciation according to NHK (1981), in the
second production (bottom panel) KT chose
to shift the accent to V 2 as illustrated by the
sharp drop from the sustained high level pitch
to the low level on the following mora.

The fact that only 3 of 18 repetitions of
chiki by KT were accented on V 2 speaks to
this being a lesser-used option. Indeed, while
accent shift is observable in the data set, de-
voicing of accented vowels was the more com-

monly applied strategy.
5.2. Accented vowel devoicing

In addition to the accent shift discussed
above, participants in this study also pro-
duced many accented devoiced vowels. This
is illustrated in the following productions of
Kushi ka burashi ga hoshii ‘1 wish I had a comb
or a brush’ by participant HK.

>
[=3
(=}

N
k] i w
z 5 ¥t B -
5 g T e J — — ——
5,100 - . - - -
ku shi ka bu ra shi ga ho shi i
N
&
<= g s
O ———
3, jool e R A —
ku shl ka bu ra shi ga ho shi i
Time (s)

Figure 8 Productions of kushi showing both
voiced (upper panel) and devoiced
(lower panel) accented vowel.

In the upper panel both vowels of kushi are
voiced; in the bottom panel the second vowel
has been devoiced. Other than the missing
pitch across [[fi] the pitch contours are very
much the same. Note in particular the initially
low pitch on [ku] and the large pitch excur-
sion across [ka]. The cues to the V 2 accent
location in the second production (lower
panel) have not been lost because of the de-

voicing but instead the location is recoverable
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from the overall pitch contour as per Sugito
(1966, 1969). It is clear from the initially high
pitch across [ka] that the vocal cords have
been tensed during the production of [[i] in
the bottom panel even though no voicing was
produced.

Further analysis is required to determine
the exact interplay of pitch accent placement

and vowel devoicing for the entire data set.

6. Two devoicing processes

Perhaps the most significant contribution
of Varden (1998) was to confirm for the con-
tinued existence of a phonological process as
one source of vowel devoicing. As discussed
in 82, a gestural overlap model of devoicing,
whereby the glottal spreading gestures of sur-
rounding obstruents overlap the vowel voic-
ing gesture, makes the prediction that as SR
increases the consonantal glottal spreading
gestures will increasingly overlap the vowel
voicing gesture until complete devoicing oc-
On the other hand, as SR slows the

vowel voicing gestures will be less and less

curs.

overlapped; at a sufficiently slow SR no over-
lap and hence no devoicing should occur.
However, HVD can be observed even in very
slow, careful speech (Kondo 1994; Han 1994).
The following plot of voicing duration versus
token duration, modified from Varden (1998),
shows this clearly.
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Figure 8 Scattergram plot of vowel VOICING DU-
RATION VS. TOKEN DURATION, all SRs
(total vowels, N =3,598; devoiced
vowels, N =1,696; voiced vowels, N
=1,902).

Devoiced vowels are represented by the marks
on the line at VOICING DURATION=0 ms; voiced
vowels are represented by the marks above
this line. Note that devoiced vowels appear in
tokens over 680 ms long, a fairly slow SR.
This devoicing can not be due to gestural
overlap — there is ample time for the vowel
voicing gesture to be realized, attested to by
the fact that many tokens at this slower SR
contain voiced vowels (marks within the rec-
tangle above the line). At the other end of the
TOKEN DURATION spectrum 65 tokens with
durations of shorter than 250 ms contain
voiced vowels. If all devoicing were due to
gestural overlap, both conditions would not
occur; shorter tokens produced at the faster
SRs would contain all devoiced vowels, and
longer tokens produced at the slower SRs
This is

clearly not the case. Phonological devoicing

would contain all voiced vowels.

must still be at work in HVD, and has a place
beside phonetic devoicing.
Taking into account the above discussion

and other results reported in the literature, it
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is clear that the term HVD is, at least in Japa-
nese, an inaccurate umbrella term for a vari-
ety of processes resulting in the same phonetic
output—a set of acoustic cues that allows the
listener to recover the underlying vowel and

pitch accent placement.
7. Summary and future directions
This paper presents the major findings of

Varden (1998).

strong support for the continued existence of

In particular, it provides

a phonological devoicing at work in the
speech of younger Tokyo Japanese speakers,
in addition to the phonetic devoicing dis-
cussed in Yoshioka (1981), Tsuchida et al.
(1997). In this data set the factor having the
largest effect on token durations was, unsur-
prisingly, SR, with the number of devoiced
vowels in a token playing a secondary role.
SR similarly affected vowel voicing durations,
as did the moraic position of the vowel. In re-
gard to the number of devoiced vowels, the
most significant factor was moraic position;
first mora vowels devoiced more often across
the data set then second mora vowels. Keep-
ing in mind the significant individual varia-
tion seen in the data, the males as a group
devoiced significantly more vowels than the
females.

Simplistic rankings for effects for each of
the measures made are repeated below.
(11) Simplistic ranking of factors affecting

mean token durations.

SR>>#DEV > PARTICIPANT > GENDER > TOKEN

>REPETITION
(12) Simplistic factor ranking for effects on

vowel voicing durations.
MORA, SR>PARTICIPANT > GENDER > TOKEN

(13) Simplistic ranking of factors affecting

number of devoiced vowels.

MORA > GENDER>*SR > PARTICIPANT>>TOKEN

As for the interaction between pitch ac-
cent placement and vowel devoicing, while ap-
parent pitch accent shift can be found in the
current data set the devoicing of accented
vowels is the more commonly used strategy
for these participants. Finally, consecutive de-
voicing was also strongly present.

A more detailed analysis of the current
data set is warranted for the following: the
interplay between elicited SR and token
durations, voicing durations, and the number
of devoiced vowels in a token; the interplay
between pitch accent placement and devoic-
ing; the frication accompanying devoicing
sites (see Varden in press); and the effects of

SR on aspiration and its relation to devoicing.

Notes

1 This section provides a succinct overview of the
methods and procedures of Varden (1998; avail-
able online) ; see that work for further discus-
sion.

2 Compare these durations to the 3.3s, 2.5s and 1.7s
durations utilized in Kondo (1994) for 15-mora
carrier sentences, which effectively imposed a
faster SR on participants.

3 F-values calculated at the .05 level of confidence
and reported to the nearest two significant dig-
its. See Varden (1998) online Appendix for a
full listing of F-ratios for all effects and interac-
tions.

4 Of note is that many of CS’ “voiced” vowels
were of very short duration (e.g. 20 ms). Also,
the experimental paradigm may well have af-
fected her productions in unknown ways—her
vocal quality at especially the fast SR betrays a
great deal of stress. HK did not display a simi-
lar level of stress.
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