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1. Introduction

1.1 Devoiced vowels in Japanese . .
A number of well-known languages exhibit vowc_l devqicing., including
Korean, but the phenomenon has been studied most intensively in Japanese
(Jun, Beckman, Niimi, & Tiede, 1998:1). The standa_rd allop_)homc accgur}t
for Japanese says that a short high vowel, /i/ or /wt/, is C!exfmced when it is
flanked by voiceless consonants or, word-finally, when it is preceded by a}
voiceless consonant (Nihon Onsei Gakkai, 1976: 748; Alfonso, 1971.
xxviii), but this is just a crude first approximation. For one thing, non-high
vowels occasionally exhibit devoicing as well, although not nearly as c_>ften
as high vowels (Han, 1962: 84-85; Vance, 1987: .4§—49'). Se':veral additional
factors may also affect the probability of d;vox.cn':g in hlgl_\ vowels. For
example, it has long been claimed that devoicing is |ph1bxted in an a.ccentec%
syllable (Han, 1962: 81-82; Kuriyagawa & Sawas‘hlma, 198?; Imal,.l997.
48), although some studies have challenged this coqvennonal wisdom
(Haraguchi, 1984; Tsuchida, 1997; Kitahara, 1998), and it may be that there
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has been a diachronic weakening of the inhibiting power of accent in recent
decades (Nihon Onsei Gakkai, 1976: 748; Kondo, 1997: 83-84), It has also
been claimed that certain neighboring consonants favor devoicing more
than others (Martin, 1952: 14; Han, 1962: 88-90), although the evidence for
such differences is not very clear (Imai, 1997: 53). A third common claim is
that devoicing in consecutive syllables is avoided (Martin, 1952: 14; Han,
1962: 91), but it can and does occur (Haraguchi, 1984; Imai, 1997: 50).
When each of two or more consecutive syllables contains a short high
vowel in the devoicing environment, the probability of devoicing in a parti-
cular syllable seems to depend on both accent and morphological structure
(Vance, 1992; Kondo, 1997: 100-147).

There is no controversy about the relevance of tempo and style to the
probability of devoicing in Japanese. Devoicing is less frequent in slower
and more careful speech (Sakuma, 1929: 232-233; Kuriyagawa & Sawashi-
ma, 1989; Jun, Beckman, & Lee, 1998: 43). For example, professional tea-
chers of hearing-impaired children devoice less in speech directed to such
children than in speech directed to normal-hearing listeners (Imaizumi,
Hayashi, & Deguchi, 1995).

Therc is also considerable variability in the phonetic realizations of de-
voiced vowels. Spectrograms sometimes show energy at the appropriate
formant frequencies even in the absence of any voicing Han (1962; 83), and
Jun, Beckman & Lee (1998: 50) sort tokens into three categories: voiced,
partially devoiced, and completely devoiced. They define partial devoicing
as “shorter than 30ms and show[ing] weak energy, at low frequencies only.”
Generally speaking, if the consonant preceding a devoiced vowel is a stop,
an acoustic interval corresponding to the devoiced vowel is easily identi-
fiable on waveforms and spectrograms, but if the preceding consonant is a
fricative, such an interval is typically absent.

1.2 Evidence for the phonological presence of devoiced vowels

As far as phonological status is concerned, the consensus is that devoiced
vowels, whether phonetically present or not, are allophones of the same
phonemes as their voiced counterparts. This analysis certainly matches the
intuitions of native speakers, and several lines of argument converge in sup-
porting it. First, kana spelling makes no distinction between syllables with
voiced and devoiced vowels; rsuki ‘moon’, which can be pronounced
[ts'k’i], begins with the same letter as tsugi ‘next’, normally pronounced
[tswgi]. Of course, orthography raises a chicken-and-egg problem: it may
be that kana spelling simply reinforces intuitions that speakers would have
anyway, but it may also be that spelling determines those intuitions to some
extent (Vance, 1987: 54). Incidentally, in 1900 Ueda Kazutoshi proposed a
novel romanization for Japanese that simply left out devoiced vowels, but it
was swiftly rejected (Takebe, 1977: 305).

A second argument in favor of ascribing phonological status to devoiced
vowels involves phonotactics. Bloch (1950) consistently treats devoiced
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vowels in certain environments as phonolog'ica.lly absent (Vance, dl?isle
52-54), and as a result, his phonemic transcriptions are full of worl; no-
obstruents and obstruent clusters. Not only ar.e.these transcn;.mczms phon
tactically unwieldy, they are highly counterintuitive (Han, 1962: 82).

third argument for phonemic status for devoiced vowels rests on anti-
cipz::‘ory coartgiculation. Studies using Eng!ish speakers have spowivn th:]te ﬁ:;
ticulatory activity for a segment may begin several phonologll::a seégc oS
earlier (Bell-Berti & Harris, 1982; Keating, 1988; Boyce, Kra ow, o
Berti., 1991) and that this articulatory pattern 1s rcﬂgctcd in ls‘p(;?)gl-
characteristics of these preceding scgments (Yeni-Komshian & Soli, M H
Nittrouer, Studdert-Kennedy, & McGowan, 1989; Goodcll & Studdc;t- c‘r:;
nedy, 1993). For example, Japanese /¢/ has lower frequency spectmh pcz:hc
and edges when followed by /w/ than wl}en followeq by /i/, even when U ¢
vowel is devoiced and seems to have dlsappeared into the fncano/rlxd nt:'ns
(Beckman & Shoji, 1984; Endo, 1998). Similarly, release bursts fot\; g\elz
lower frequency spectral prominences when fqllowed by /ut/ 8( ;nbvzr o
followed by /i/, again regardless of vowel voicing (Endo, 1998; Fa
Vance, submitted). N
Presumably as a consequence both of phonotagtics and'of annclpzlatory
coarticulation, native speakers of Japanese perceive devoiced vagj a/s
vowels and can discriminate between devc_nced_ 1/ and.dev;nc/e . wk:
although not quite as accurately as between voiced /1/ ‘and voiced ﬁl f( Z::) <
man & Shoji, 1984; Endo, 1998). Phonetic transcriptions such as “otnans-
(1971: xxviii), in which, for example, /QK/, /kik/ and /kuk/.are aff rt >
cribed identically as [kk], are simply inaccurate. T}lg percepnb.le‘ effec ;ich
anticipatory coarticulation, together with the va'nablhty of devoicing (W ch
means that a high vowel in the devoicing environment can be pronoun od
as a voiced vowel), leave no real doubt about the phonologxcal existence
devoiced vowels. .
1.3 A gestural overlap account of Japanese devoiced vowels, and its
e ek d he basis of both acoustic and physio-
man (1993) conclude, on the basis ot both a
{ggiilzcz'cigence,(that t)he observed distribution of devoiced and agparenlt;y
deleted short high vowels in Japanese results from the degree 0 ov:rth;;
between the supralaryngeal gestures respon.mble fox: the quahtyﬂo i
vowels in question and the laryngeal abduction requl}'ed for the flankis g-
voiceless consonants. Given sufficient overlap, there will be no acou;txc in
terval in which vocal fold vibration is evident, a_nd it may not even be pos-
sible to identify an interval—even a voiceless mterval——contamn;lg n:)‘:se;
excited formants. Nonetheless, the presence of these sqpralaryngea gesture
can be inferred from their acoustic effects on immediately precedmg/ c;m-
sonants: [¢] has lower-frequency spectral peaks when followed by ‘/Lu ft t;r;
when followed by /i/, just what would be. expected on the bas;s (;3 e
differing supralaryngeal configurations required for the two vowels (

MORE ACOUSTIC TRACES OF “DELETED” VOWELS / 103
man & Shoji, 1984).

This is not the only potential spectral effect of these obscured supra-
laryngeal gestures on adjacent consonants. Studies of anticipatory coarticu-
lation in English and in other languages reveal that articulatory movements
for a given target may begin early enough to influence several preceding
segments (e.g., Boyce, Krakow, & Bell-Berti, 1991). Thus, the configura-
tion of the various articulators during any one phonological segment may be
influenced by the gestural requirements of multiple segments in a word; fur-
ther, the number of segments so affected is a function both of the gestural
nceds of thosc scgments and of the specch rate (reflected in the number of
scgments occurring in a given temporal interval).

It would not be surprising, then, if initial /s/ in the English words stay
and stow were to differ acoustically due to anticipation of the vowels./e/ and
/o/, despite the intervening /t/. But, because of the intervening /t/, the /s/s in
stay and stow might be less different from each other than the /s/s in say and
sew. If these English words are compared with the superficially similar Jap-
anese words sute and suto, the initial /s/ in the Japanese items might well be
influenced to some extent by the word-final /e/ and /o/. However, this influ-
ence might be lessened by the presence of two intervening segments: /t/, as
in the English items, and an additional /w/. As a result of this difference in
phonological structure, /s/ should be more similar in Japanese sute and suto
than in English stay and stow (or in Japanese se and so); that is, /s/ should
be less influenced by the final vowel in the longer Japanese items than in the
longer English items.

The goal of the present paper is to investigate this hypothesis. We do
this by comparing acoustic characteristics of fricatives in English and Jap-
anese and by looking at the magnitude of the differential effects of vowels
differing in frontness on the fricatives. The gestural overlap account of
vowel devoicing in Japanese predicts that the fricatives in Japanese sute and
suto should be less different than those in English stay and stow, because
the former contain four phonological segments while the latter contain
three. If acoustic differences between /s/ in sute and /s/ in suto are observed,
that by itself would not count as evidence against our hypothesis; our
hypothesis is that such differences would be consistently smaller in magni-
tude than differences between /s/ in se and /s/ in so.

2. Methods
2.1 Participants

Four speakers of Japanese and three of English were recruited through ac-
quaintance networks. The Japanese speakers are all from the greater Tokyo
area, while the English speakers are from various parts of the US; none
speaks with a marked regional accent. All speakers were naive to the pur-
pose of the recording, and the Japanese speakers thought that our purpose
was to test their choice of accent patterns. Demographic details about the
seven speakers are provided in Table 1.
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Tablel: Participants in the study

Speaker | Gender | Age | From
icut
ish El Female | 16 Cc?nnccl.lcu

Eagls E2 Male 42 Missouri

E3 Female | 45 Rhode Island

J1 Female | 50 Tokyo
e J2 Male 42 Tokyo

J3 Female | 23 Tokyo

J4 Female | 39 Tokyo

2.2 Corpus

. or e 0 the
Japanese test items consisted of pairs of V\lrords (}1ffemtig l}?i /tst;leuvct)}\:;ile ll:v ;};e
iti llables se/so and s s
final syllable. In addition to monosyllabl Shilshi, ere
i i ) ith devoiced vowels in the ylla
four pairs typically produced wi ' s e
] hitee/shitoo. The corpus a
sute/suto, suki/suku, tsute/tsuto, s : oS &0 O et
i i duced with fully voiced vo
two pairs of words typically pro T e ok, 10, and
: ] d sude/tsudo. Three additional items, , ¢
syllable: tsugi/tsugu and sude ce 2 fuku, fo, e
i tional comparisons.
jtee, were included to facilitate some addi . 1
:'il:)t:al items (bi, ne, kugi, kizu, puro) served as foils. Subject‘si pro(g}lciid tt“elg
tokens of each item in a carrier sentence “Sore. kara __ t ad ::vd ;o o
separate randomizations. The contrasting p‘mrs;1 wl'etreraxtt;rzntha‘ e
f reports in the lite
unaccented first syllables, because o ! Jocemec
i i accented vowels are. S
els are less likely to be devoiced than un:  are .
:»3:: speakers consistently produced tsudo with an accented mma}ll sy;léil;li::
one speaker was so unsure of what accent pattern to ;xs:}:] (h?ltllf l?st iy
i i tween repetitions of the .
tently tried out both versions be ns of tl N
spcalzcr also produced several tokens of sute with initial accent (an
devoiced vowel). . e
English test items likewise consisted of pa/lrs of wgrd; c/];;t"’e:r:ﬁelrne \:’)ere
i iti CVs see/sue, say/sew, and she \
el quality. In addition to the P
irs with initi : steep/stoop, stay/stow, an ;
three pairs with initial clusters: s skoal. TR0
i i to enable some further comp:
items, tee and two, were included arisons. Ar
iti i i ke, peak, doe, mane, light, ,
ditional ten items (bee, kick, day, cake, : )
z“j)od) served as foils. Subjects produced ten tokens' of.each item in the
farrier “It'sa , Helene”, in two separate randomizations.

2.3 Data handling
All items were recorded on a Sony portabl; DAg’Lr gcor::r,lz;r;((i) ;c;?\;e;tggﬁc;
i iley, Rubin ooper,
Haskins PCM format (Whalen, Wiley, : , 1990 e s
i i lysis. While some acoustic into
e ooty o m ight frequencies higher than 10kHz, the
fricatives, especially /s/, might appear at frequ A
imum observable with a 20 kHz sampl}ng rate, na
Tsz)\()llr:l;ampling rate for the HADES (Rubin, 1995) wavcform editing and
analysis software available to us. - -
Fricative spectra are acoustically complc?x, and typ_lc'ally ngolveaongco;
more high-amplitude bands of aperiodic noise. In addition, thcre may

MORE ACOUSTIC TRACES OF “DELETED” VOWELS / 105

narrower-band resonance that is contiguous with one of the formants of an
adjacent vowel. As a result, it is extremely difficult to provide an adequate
characterization of individual fricatives in terms of just one or two para-
meters. Choice of measurement parameter has in the past been based on a
combination of measurement ease (e.g., location of spectral peaks or
boundaries of the fricative noise), computational ease, and theoretical con-
siderations. Our strategy in the present investigation is somewhat different
(see also Evers, Reetz, & Lahiri, 1998). While we include some measures of
the computationally-simple sort (location of peaks in the fricative noise,
spectral center of gravity (=centroid: Nittrouer, Studdert-Kennedy, &
McGowan, 1989; Nittrouer, 1995)), these measures were not always infor-
mative, for reasons we will explain. Therefore, we derived some additional

measures from systematically comparing fricative spectra from tokens that
we expected might be different,

As evident from Figure 1, which compares the spectra of 10 tokens each
of speaker J2’s se and so at the midpoint of each fricative, fricatives may
differ in the frequency and amplitude of spectral peaks. These tokens do
differ significantly in centroid, as marked by the two vertical lines, but,
because the peaks are closer together for se than for so, the spectra are more
different globally than they appear to be based simply on the centroid.
Further, even on these averaged cross-sections, it would be difficult to mark
the lower boundary of the fricative noise with any degree of reliability;
especially for se. However, the increase in amplitude is much steeper for so
than for se. As a result of this difference in slope, combined with the shift
downward in frequency of the first spectral prominence, these spectra can
be divided into three regions: a low frequency range containing very little
cnergy, a mid frequency range in which there is apparently more energy
present in 5o spectra than in se spectra, and a high frequency range in which

Figure 1: Averaged and smoothed spectral cross-sections for /s/ in 10 tokens of se (dashed
line) and 10 tokens of so (solid line), at fricative midpoint, produced by speaker J2.
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the reverse is true. . )
Because HADES can calculate centroids in batch mode, our irst;] :t::z:; ¢
on analyzing the fricatives in the present corpus wasftohcom‘;t)vae © the oo
troids for the CV tokens in each speaker’s corpus. If t esefor e not ait
ferent, we then proceeded to compare spectral cl:otss-secltéo:st ol
i 1 differences that wou
tokens to see if there were spectral « nce e betwoen spec.
i identify a significant differen twe
the centroids. If we could not iden crwoen Spec-
ifferi i el (perhaps due to our
tra of CV tokens differing only in vow o
i ’ ntally more comp
i did not analyzc that spcaker’s scgme
D Hawer iffe i CV tokens, we then mea-
i ences in the o! , ¢
tokens. However, if we found differ 1 ve then men
sing the same measure, i ;
sured the more complex tok_ens, using ermine
whether vowel-conditioned differences, if any, were comparable in mag
tude to those observed for the CV tokens. I
3 it
Figure 2. Speaker J3: Sumple waveform and pseudo-spectogram of a_lf)l\en of‘ f:io}’:\:h ;
hinelic'lranscriprion for orientation. Vertical lines repre.venlt the? position o/.' e/’s/ o
7aken from left to right: end of voicing for /a/, onsel. of frtcatmn fo.r [s] Z;/ re.lease i
fricat;'on (coinciding with onset of voicing for /), beginning of clo.[vure fz} do.s o
closure for /d/, onset of voicing for /o/, end of voicing for /o/, and re e;lse losure for
in the carrier phrase. The horizontal line in the closure interval for /ts/ repres
The frequency range for the pseudospectrogram is from 0-10, 000 Hz.

a t s wd " o d a

At i

Analysis proceeded as follows: Individual tokens were exciseg fror(xil tl}z:;;
ger files after it was verified that they had been read as m’;‘iﬂ ;rs,tasr:agc at
the target items were not preceded or followed by a pausc. The

- . £
analysis was to delineate segmental boundaries, based on screen displays o

waveforms and pseudo-spectograms.

. i
Figure 2 illustrates the maximal set of landmarks, represented by vert

cal lincs in the waveform portion of the display; a pt;;)nctjlc tr:a‘rlxlscciz)[::tqlﬁr:) r:
i in identifying individual scgiments. Basc
R ose baadarios, i f indivi ere calculated. In
i idual segments w
of these boundaries, durations of indiv o
addition, centroids »;/ere automatically calculated from DFT spectral cro
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sections” at five locations within each fricative: 15 msec after the onset of
frication noise; 15 msec before the end of the frication noise; and, at three
additional locations dividing the fricative into quarters. The edge measure-
ments were offset 15 msec to avoid distortions based on formant excitation.
If the CV tokens did not differ significantly in centroid frequency, complete
spectral cross-sections at the same five frames were saved as text files,
averaged, and plotted. On the basis of these plots, one of which appears in
Figure 1, one or two spectral regions in which the two types appeared to
contrast were identified. Using macros defined in Excel98 on the Macin-
tosh, integrals? (representing the area underneath the spectral cross-section
for these regions) were calculated for these frames.

In addition, formant frequencies were measured for two of the English
speakers and one of the Japanese speakers. Because of the fronting of /u/
and, to a lesser extent, /o/ for many English speakers (Labov, 1991), it was
important to verify that these two vowels did in fact differ from their front
counterparts, especially at their onsets. If these vowels do not differ acoustj-
cally at their onsets, it would be unlikely that they would differentially
affect the acoustics of preceding fricatives. For the Japanese speakers, the
primary reason for looking at formant frequencies was to determine whether
the formant frequencies for /w/ in tsugi/tsugu and in sude/tsudo would be
affected by the quality of the vowel in the second syllable.

3. Results

. Some typical data are illustrated in Figure 3. In Figure 3A, each curve rep-

resents the mean centroids of the fricatives in ten tokens of one word pro-
duced by speaker E3, measured at the five locations indicated on the x-axis.
The solid curves for see and sue are well separated, indicating that /s/ in sue
indeed does have a lower frequency spectrum than that of /s/ in see. In
addition, the dashed curves for Steep and stoop are comparably separated.
Figure 3B represents the integrals of the upper frequency range of the frica-
tive spectra for the same words, produced by speaker E2. While these
tokens are more variable, as evidenced by the size of the error bars associ-
ated with each point, the solid curves for see and sue are, nonetheless, dis-
tinct throughout the entire fricative. However, the dashed curves for steep
and stoop are only distinct late in the fricative.

* DFT spectral cross-scctions were calculated on windows of 1024 samples (50 msec),
with an offset of 64 samples (3 msec). This relatively large temporal window was chosen to
provide a high frequency resolution, as some of the hypothesized spectral differences between
fricative types could have been of a relatively small magnitude. Centroids were calculated on
the frequency range 1500-9999 Hz; the lower range was chosen to minimize the impact on the
centroids of any voicing during the fricative as well as of any low frequency artifacts.

* Decibels represent relative rather than absolute amplitude, and the DFT routines in
HADES sometimes retum ncgative valucs, which confound the rather brute-force calculation
of integrals used. To avoid these confounds, the DFT spectra were rescaled by adding 50 to
cach value, bascd on the minima observed in individual spectral slices.
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] i 7 : B-Vocalic infl-

1 3: A-Comparable difference in see/sue and steep/sloop (Speaker E3). B "
upgrzzeon /s/in stelt,zp/stoap iﬂomparable in magnitude to that in see{sue, but starts later "e,/ the
fricative (Speaker E2); C-Influence of final vowel on [s] starts later in sute/isuto than m/s/ s
and is of smaller magnitude (Speaker J4); D-There is no influence of the final vowel on /s/ in
sute/suto, while there is for se/so (Speaker J4).
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Figures 3C and 3D arc comparable plots for tokens produced by spca.kcr
J4. The solid curves for the mean centroids of se and so shovy that .thc frica-
tive spectra are influenced by the following vowel, at lgast in their sccond
half. In contrast, the dashed curves for tsute and lsu'to in Figure 3C show
much less separation, and those for sute and suto in Figure 3D show none at
all.

All such comparisons are summarizeq in Table 2. The number of plu;
signs provides a rough index of the magnitude of the. differential effects o
front and back vowels on fricative spectra, taking into account b'oth the
magnitude and the duration of differences like those 1llustrated.m F igure 3.
For the three English speakers, there-was at least some acoustic dlfferenge
between the fricatives in all word pairs for all speakers. Three of the six
relevant comparisons showed approximately thg same amount of difference
in the longer pairs, and the other three comparisons showed som;wh.at le§s
difference in the longer pairs than in the shorter pairs, but the fricatives in
the longer pairs still differed based on vowel context.
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Table 2: Results of study. A: English speakers; B: Japanese speakers. The number of +'s
provides a roufh indication of the extent to which the fricative in each pair reflects the

influence of the last vowel in the word: —* indicates no apparent difference.
A. El E2 E3
area area centroid
sav/so 4 + +H+
stay/stow ++ + ++
see/sue -+ ++ +H+
steep/stoop ++ + +++
B. J )2 J3 J4
arca arca centroid centroid
se/so J— ++ +H+ ++
sute/suto + — —
tsute/tsuto + + +
suki/suku + + +
sude/tsudo (+) + J—
tsugi/tsugu + + —
shi/shu +H = +++ 4
shitee/shitoo — +) — —

For the Japanese speakers, in contrast, there was substantial acoustic dif-
ference between the fricatives in seven out of the eight CV pairs; Speaker
J1’s se/so showed no difference®, either in the fricative centroids or in the
calculated integrals in areas of the spectrum that appeared superficially
different. For the remaining three Japanese speakers, none of the longer
word pairs had fricatives that differed to the same extent as the fricatives in
se/so, and, in four of the fifteen instances, there was no difference at all
between the fricatives in the longer words. Likewise, for three of the
speakers, there was no difference in the fricatives in shitee and shitoo, des-
pite substantial difference between their fricatives in shi and shu; for J2, the
fricatives in shitee and shitoo differed only slightly, and it is not clear that
this particular difference would turn out to be statistically significant.

In the instances of longer Japanese words with initial fricatives not infiu-
enced by the vowel late in the word, the fricative shows a clear influence of
the immediately following vowel, whether voiced or devoiced. That is, /¢/
in shitee and shitoo is, for all four speakers, more comparable to /¢/ in shi
than to /¢/ in shu. As is evident from figures 3C and 3D, this is also the case
for /s/ and /ts/. However, it is not the case that the supralaryngeal configura-
tion for the later vowels has no influence earlier in the word. In fact, for-
mant measurements taken during (voiced) /w/ in J1’s tokens of sude/ tsudo
and tsugi/tsugu show that, even at the very beginning of the vowel, F2 is
approximately 80 Hz higher in sude and tsugi than in tsudo and tsugu. At

* There are scveral possible accounts for this lack of difference. The first is that J1's
fricatives did, in fact, diffcr in se and so, but that this differencc was concentrated in areas of
the spectrum above 10,000 Hz. The second is that because of dental abnormalitics, her fricative
spectra contained artifacts of sufficient magnitude to dilute any coarticulatory effects of the
following vowel. Indeed, the spectral cross-sections for many of her tokens containing /s/ or
/ts/ had an unusual relatively high amplitude peak at approximately 4,000 Hz.
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the end of the vowel, immediately before the /g/ in tsugt(t;ugz; theecil;'lt;egr‘;
ence is almost 500 Hz, while for the fe\-,v toker}s of tsudo w1th a/ d(/)r;f o
vowel for multiple measurefment;, F/i/lmmeilizn?l!{mbsefic:ries tn :t o nal

an immediately before the /d/ 1n sude. , it s )
lf(r)c‘;ﬁr;:d back vowels);n these items do not exert a coamcu(:a-totry tg\éiil::lc;
on preceding segments; rather, this influence does not extend it o
consonant of the word, at least not measurably.

4. Discussion and Conclusion

The results of the present investigation are consistegt ;vittllagéi rieasntu;zralldoxc/::
i i |s presented by

lap view of Japanese devoiced vowe 4 and <o

ures for short high vowels

leagues. Because the supralaryngeal ges shor \ i

shogrt——the ultra-short /ur/ in the token illustrated 1r11 F;gufte _2 lsl:?i; :lt;pex::)l,

i i ized in Table 3—it is re

in our data, some of which are summarize > ;

for these gestures to overlap totally with the flanking 1aryng'eal'at\)vd1;¥tt1§ir;

gestures required for adjacent voiceless obstruents. A schematic vie

overlap is presented in Figure 4 below.

Table 3: Mean duration (in msec) of first vowel in mitee, sude, tsudo, for four Jupunese
speakers (standard deviation in parentheses).
& % 4 9 J741 2(4.7
i 83.3(9.0) | 73.2(2.3) 51.3(7.9) . .
;'::‘:fec 34.7 (9.1) 50.3 (17.8) 41.0 (12.3) 219 (gg
tsudo 26.7 (8.9 53.2 (6.6) 34.2 (17.0) 349(3.0) . i
The result of this overlap is not necessarily to ext;nd ;l:r:acé\:;?tézg oHta :
i its acoustic ¢ s R
receding consonant, but rather to sh.ape i t s .
r1)994); wghile the greater length of /¢/ in shitee felanve .to /m/ mhmxéeia(tisz;
Table 4 on the following page) might give t.he impression th(:;ct1 t‘ 5 sna\; ation
of devoiced [i} is somehow incorporated into ¢/, some addl

i s (o
Figure 4: Schematic of supra-laryngeal and lary.ng.eal gestures folr‘/ng:/a ‘1"1 :gffe I.gczt')l\;
the right indicate the direction of §rzater colnslncu;): If({x :itlex ::Cg{:sr:ﬁesfor e e
ion. Because of the overlap of the two laryged res 2 )
lgolf;‘lltlx!so Zog; not eve{reach the degree of constriction necessary for voicing during /.
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parisons, also presented in Table 4, make clear that this is not the casc.

Table 4: Duration (in msec) of initial consonants in selected Japunese tokens (standurd
deviation in purentheses).

Speaker sute s0 sude shitee shi mitee
1 138.39 106.28 139.78 125.78 128.55 71.90
(12.01) (6.86) (9.02) (9.77) (15.44) (6.70)

J2 133.11 133.19 136.23 156.84 176.96 76.21
(15.95) (9.58) (13.949) (18.60) | (30.02) (16.62)

13 83.30 88.59 113.94 98.93 123.18 76.30
(9.18) (12.52) | (8.20) (5.61) (6.09) (6.59)

Ja 83.80 86.90 91.26 95.43 106.56 50.56
(5.20) (9.63) (16.34) (10.93) | (10.25) (475

For speaker J1 only, [s] in sute is longer than [s] in so, while, for the
other three speakers, there is absolutely no difference. Furthermore, {s] is
virtually the same duration in sute and sude for J1 and J2, and substantially
longer in sude than in so or sute for the other two speakers. Likewise, for all

three of the four speakers, [¢] is shorter in shitee than in shi; for J1, there is
no difference.

In any case, to the extent that Japanese morae are, in fact, of similar dur-
ation, it is not clear that onsct consonants, which bear no metrical weight,
ought to contributc to such isochrony or that surface acoustic duration is the
appropriatc measurc thercof. Lehiste (1976) suggests that isochrony of pho-
nological units, to the extent that it occurs, is a perceptual phenomenon.
That is, units that are not physically comparable in duration are perceived
by language users to be more comparable than they actually are. The dura-
tion of any given phonological segment, in Japanese as in other languages,
depends on many factors, including at the very least phonological length,
accent, phonological context, and intrinsic attributes of the segment. Listen-
ers “parse out” these various factors, taking into account the contributions
of cach of these factors (Fowler, 1984). Thus, the perception of iso-
chrony—of whatever level of phonological unit—should not be dependent

solely on the surface durations of the phonological segments comprising
that unit.

Our conclusions from the present study are simple: regardless of their
surface duration, Japanese devoiced vowels maintain their supralaryngeal
integrity, both in influencing the articulatory and acoustic characteristics of
adjacent phonological units and in mediating longer-distance effects of one
segment on another. The qualitative nature of this influence would be
difficult to incorporate in a discrete, feature-changing account; rather, our
findings complement those in other, superficially quite different, studies of
anticipatory coarticulation (c.g., Fowler, 1980; Boyce, Krakow, & Bell-
Berti, 1991) in supporting alternative models, such as that of Browman &
Goldstein (1986, 1990; Surprenant & Goldstein, -1998), which explicitly
specify the temporal extent of articulatory primitives. The superficial
impression of vowel deletion results from the fact that the supralaryngeal
gestures producing the vowels, whose presence is clearly deducible from
their myriad acoustic consequences, may be fully masked by the supra-
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laryngeal gestures associated with adjacent segments.
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