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LARYNGEAL ADJUSTMENTS IN JAPANESE WORD ACCENT*

Hirohide Yoshioka and Hajime Hirose

Abstract

The aim of the present study is to clarify the role of in-
trinsic laryngeal muscles in accomplishing various accent types
in the Tokyo dialect of Japanese. Specifically, the activity pat-
terns of the thyroarytenoid (VOC) and the posterior cricoarytenoid
(PCA) were investigated in addition to that of the cricothyroid
(CT). Supplemental cine filming of the glottal image was also
made using laryngeal fiberoptic endoscopy. The test utterances
contained various meaningful words composed of /VCV/ sequences
with or without an accent kernel (C = single obstruent or geminate,
V = high front vowel /i/). It was revealed that the VOC showed ac-
tivity patterns similar to those of the CT, peaking for the accent
kernel in general. For the accented first mora in /VICV/ sequence,
however, the peak timing of the VOC activity tended to be earlier
than that of the CT, although it was approximately coincident with
that for the accented second mora in /VCV !/ sequence. Furthermore,
the peak value of the VOC for the accented first mora was much
higher than that for the accented second mora, while the peak CT
activities did not show any significant difference between .these
two types of word accent. These findings suggest that the VOC ac-
tivity is related not only to the realization of Japanese accent
but also to segmental phonetic features such as glottalization in
word-initial vowel production in Japanese. As for the PCA, the
activity for the voiceless stops or affricates following an ac-
cented first mora was smaller than for those in the second mora
not preceded by an accent kernel, regardless of whether or not
this second mora has an accent kernel. The results were in good
agreement with those of fiberoptic observation in that the temporal
patterns of glottal width always showed larger openings for the
latter group.

* A version of this paper was preseénted at the 96th Meeting of
the Acoustical Society of America in Honolulu, 27 November -
1 December, 1978.
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Introduction

The Japanese word accent, typically in the Tokyo dialect, is
characterized by the sequence of subjective binary pitch pattern—
high or low— for each mora. More specifically in terms of its
distinctive feature, the accent type for an individual word can be
defined by the following, introducing the term "accent kernel"
which indicates the location of an abrupt drop of (phonological)
pitch. First, does the word possess &n accent Kernel or not?
Secondly, to which mora is the single kernel, if any, attached?
(e.g., Hattori, 1960). In addition, as a non-distinctive (con-
figurational) feature, the first mora of any word, at least typical-
ly in-isolated pronunciation, always starts on a lower pitch com-
pared with the second mora, unless the accent kernel is attached
on the first mora. Accordingly, a /V1CV2/ sequence for example
can form three distinct words, /Vf‘CVZ/, /V1CV£1/ and /V4CVy,/,
which are introspectively recognized as [high-low], [low-high],
and [low—high], respectively. Although the acoustic correlates
with manifestation of various accent types of course include the
intensity and durational changes of each mora as well as the per-
turbation of format frequencies, the contour of the FO is con~
sidered most substantially involved in Japanese. Therefore, the
relationship between the continucus temporal pattern of pitch
contour and the discrete linguistic information of accent type has
been a major project in the acoustic study of speech (e.g., Fujisaki
and Sugito, 1977).

Apart from these acoustic viewpoints, many studies in speech
production research, mostly using electromyographic technique (EMG),
have been carried out to clarify the relationship between the
laryngeal muscle activity and the pitch control, and proved that
the cricothyroid (CT) is &z principal pitch raiser both in speech
and phonation (e.g., Hirano et al., 1969; Sawashima et al., 1969;
Shimada and Hirose, 1971; Atkinson, 1978; and Sugito and Hirose,
1978). The purpose of this study is to further investi-
gate the participation of laryngeal muscles in accomplishing
various (pitch) accent types in the Tokyo dialect. Specifically,
the activity patterns of the thyroarytenoid muscle and the poste-
rior cricoarytenoid muscle were investigated along with that of
the cricothyroid muscle.
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Method and procedure

The electromyographic (EMG) data wete obtained by use of
bipolar hooked-wire electrode techniques (Basmajian and Stecko,
1962). The electrodes, consisting of a pair of platinum-tungsten
alloy wires (50 microns in diameter with isonel coating), were
inserted perorally into the posterior cricoarytenoid muscle (PCA)
under indirect laryngoscopy with the aid of a specially designed
curved probe (Hirose et al., 1971). Beforé the insertion, topical
anaesthetic was applied %o the mucous membrane of the hypopharynx
using a small amount of 4% lidocaine spféy (Xylocaine). For place-
ment into the thyroarytenoid muscle (VOC) and the cricothyroid
muscle (CT), a percutaneous approach was adopted using hypodermic
needles (26 gauze and 1-1/2 inches in length) as the guides
(Hirano and Ohala, 1969). -

The interference voltages of the EMG signals were recorded
on an FM multichannel data recorder together with the acoustic
signal. The action potentials were then fed into a digital com-
puter system and sampled at a rate of 200/sec, after being rec-
tified and integrated over a 5 msec timé Window, for further
processing to obtain the muscle activity patterns for ensemble-
averaged tokens (Kewley-Port, 1977). Thé figures to be presented
in this paper represent activity patterns aligned with reference
to the oriset of intervocalic consonants and smoothed with a time
constant of 35 msec before ensemble-averaging.

As for the fiberoptic data, the glottal view through a flex-
ible -laryngeal fiberscope (Olympus VF-O type, 4.5 mm in outer dia-
meter) was photographed with a cine camera at a rate of 60 frames/
sec simultaneously with the EMG and speech signals for some
selected tokens of each utterance type (Sawashima and Hirose, 1968;
Sawashima, 1976). On each frame of the films, the distance between
the vocal processes, which is considered one of the best indi-
cators of glottal width, was measured during pertinent intervocalic
consonantal segments. The plots of the glottal aperture as a
function of time on an arbitrary scale will be sshown below, in
comparison with the EMG activity patterns of the abductor (PCA).

Along with the EMG and fiberoptic data processing, acoustic
analyses were made, including the FO contours by use of an adap-
tive autocorrelation method (Lukatela, 1973), as well as the audio
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envelope curves, which serve as a gross identification of each
acoustic event.

FEhiz ___ T, “sorewa __ desu”
®E /isi/
A /isi/
z % /iQsi/
—F /1Qsi/
® 5 /12
& /izt/
um /e
- /ici/
23 /iky
L /Ky
& % /iki/
—= /7 Qki/
X & /ey

Table 1. List of test words and their carrier sentence.

Two native adult male speakers of the Tokyo dialect served
as the subjects. Among the possible phoneme sequences composed
of /VCV/ (C = single obstruent or geminate, V = high front vowel
/i/) with or without an accent kernel, only meaningful words in
Japanese were selected as the test words. As shown in Table 1,
some of thése phoneme sequences may form two distinct meaningful
words depending on the presence or absence of the accent kernel
and on its location, if any. The position of each accent kernel
is indicated by the diacritic symbol "q". The subjects were asked
to pronounce each of the test words embedded in a frame sentence
"sorewa —-—-—-— desu,'" at least 15 times, in random order. No par-
ticular instruction was given to the subjects about the vocal in-
tensity, the pitch, or the speaking rate.
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Results

Figure 1 contains the averaged electromyographic (EMG) ac-
tivity patterns of the'thyroarytenoid muscle (VOC) and the crico-
thyroid muscle (CT) for two different words composed of the same
phoneme sequence /isi/, where the location of an accent kernel
varies. In addition, the Focontoufs and the corresponding audio
envelopes of representative single tokens for the production of
both utterances embedded in the frame sentence '"sorewa ----- desu"
are included at the bottom. The vertical line across the time
axis in each graph corresponds to the voicing offset of the vowel
[1) preceding intervocal [j] segment, which served as the line-up
point for the EMG averaging. It may be clear, at a glance, that
there is a single peak of the EMG activity'corresponding to each
accent kernel not only in the CT but also in the VOC. That is, for

the first mora accented word, the VOC activity starts to abrubtly
inérease around at -200 msec before the line-up point, reaching

its maximum at -120 msec. The CT also begins to be rapidly acti-
vated at -200 msec, and it peaks approximately at =60 msec. On
the other hand, for the second mora accented word, the activity

Ay [ |
W /isi/ , /isi/
250 250 -
vOC - . :
uv A i A A A A 1 A uv = A r'e A ' A 1 3 'l A 3. Dd
300, 300 +
-
CT s ‘
He g — a ———
300, 300 T
FO o l\/-\
AE |
; i
i i, S S W N [ M PP
T A e ) ) A . TRl
onseToF (/] 100msec . ONSETOF (/1 100msec

Fig. 1. Averaged EMG curves of VOC-and CT; representative Fo contours, .and
corresponding audio envelope curves for /ilsi/ and /isiV/.
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pattern of the VOC as well as that of the CT shows a slight tem-

poral suppression before the line-up, then both peaking around
+50 msec. Incidentally, the VOC activity for either utterance

type reveals a moderate reactivation initiated at the end of pro-
nunciation, while the CT does not. This particular activity of the
VOC seems to be correlated to the so-called glottal stop-like
gesture for the termination of phonation, which is often reported
in the literature (e.g., Hirose, 1971).

Figure 2 contains the test words, each having a voiced frica-
tive /z/ instead of the voiceless one in the intervocalic position
with accent distinction. Despite the difference in voicing feature
between these intervocalic fricatives, the outlines of Figure 2 are
considerably similar to those of Figure 1. It also implies that
the difference of EMG activity directly correlated to the accent
distinction is well preserved notwithstanding the replacement by
the voiced fricative /z/; curves of the VOC and the CT are equal-
ly characterized as single peaked activity patterns regardless of
the accent type distinction. The peak values of the VOC, however,
are quite different between these two accent types in that the
W /izi/ W /izi/

T T

250 250
[ [

R — N AT
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300[

-
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- i ‘
MIANA .
A - A M
ONSET OF (d3) 100msec onseTorld3] 00msec

Fig. 2. Averaged EMG curves of VOC and CT, representative Fo contours, and
corresponding audio enveldpe curves for /i1zi/ and /izil/.
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peak for the accented first mora is far larger than that for the
accented second mora. In contrast, the CT does not show such
noticeable difference in the peéak value attributed to the location
of the accent kernel.

Figure 3 shows the EMG patterns for a so-called '"nmon-accent"
type of word, in comparison with those for the same but first mora
accented phoneme sequence. As implied by the Fo contour, the "non-
accent"” word is accompanied by a relatively higher pitch during
the second mora, compared to the preceding first mora. In this
connection, it is worth noting here that the CT activity shows a

— /i'Qsi/
v ——/iQsi/
250 T

VOC

pv
300

CT

Hz
300 T
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f e
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Fig. 3. Averaged EMG curves of VOC and CT, representative Fo contours, and
corresponding audio envelope curves for /ilQsi/ and /iQsi/.
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slight suppression prior to the first mora production, followed

by a gradual reactivation with a small but broad plateau-like peak.
On the other hand, the VOC activity for the '"non-accented" word
does not reveal any prominent peaks; rather it may be character-
ized as having a tiny suppression across the line-up. In contrast,
the EMG patterns for the first mora accented word have large dis-
tinct peaks both in the VOC and the CT, which comparably resemble
those for other first mora accented words shown in the previous
graphs. In addition, it is further interesting to note that the
peak timings of the VOC and the CT for this first mora accented
word are different; the peak of the VOC is earlier than that of
the CT. Consequently, the VOC activity is almost down at the noise
level around the line-up, while the CT still shows some activity
during the period. Similar findings can also be retrospectively
pointed out from the other first mora accented word shown in the
previous figure.

Figure 4 contains the optimal phoneme sequence /iki/, which
exists among meaningful words in Japanese with three different
accent types. Here, it is ascertained that what has been mentioned
above with respect to the EMG activity relatéd to accent distinc-
tion can be generalized so far as /VCV/ sequénce is concerned.
Namely, the peak activity corresponding to each accent kKernel can
be identified both in the VOC and the CT, the peak value difference
of the VOC based on the location of accent kernel is clear, and
the peak timing difference for the first mora accented word between
the VOC and the CT is also obvious. Incidentally, for the "non-
accented" type, these two muscles show approximately similar pat-
terns until the line-up to those of -the second mora accented one,
then revealing a slight and broad peak like a plateau, particular-
ly in the CT. This finding may be of interest especially in view
of the phonological fact that such two mora words as /VCV/ and
/VCVY/ are equally considered as [low-high] in the Tokyo dialect.

Figure 5 contains the EMG activity patterns of the posterior
cricoarytenoid (PCA) and representative plots of the glottal width
during the intervocalic voicelesSs consonantal segments for the
other subject, together with single patterns of the Fo contours
and the audio envelope curves at the bottom. The glottal opening
curves during the intervocalic [S] segments do not seem notably
different, particularly in terms of the degree of the maximum
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Fig. 4. Averaged EMG curves of VOC and CT, representative Fo contours, and
corresponding audio envelope curves for /iki/, /itki/ and /ikiV/.

opening. In accordance with this finding, the PCA activity pat-
terns are also similar to each other. Therefore, it may be that
the glottal opening gesture for the voiceless single fricative
production is not substantially effected by whether or not the
affiliated mora is attached with an accent kernel,

Figure 6 compares a geminate combination /Qs/ in intervocalic
environment, where the accent type differs. From this graph hence-
forth, the activity patterns of the PCA willtbe presented with the
standard deviation bracket curves in :addition to the .averaged ones.
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Fig. 5. Averaged EMG curves of PCA, representative glottal width curves and

correspording audio signals for /ilsi/ and /isil/.
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Fig. 6. Averaged EMG curves of PCA, representative glottal width curves and
corresponding audio signals for /iQsi/ and /1i1Qsi/.
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It may be obvious here that there is a single peak in the PCA ac-
tivity curve as well as in the glottal aperture plots for either

utterance type, and their peak values are approximately similar
to each other despite the accent type difference. The timing of

the maximum opening, however, seems slightly different; the peak
for the "non-accented" word is a little late, although the dura-
tion of the glottal opening itself is comparable to that of the
first mora accented word. Nevertheless, the PCA patterns look
contradictory, in that the PCA curve after the peak, i.e. the
line-up for the '"non-accent" word, shows a gradual decrease, while
that for the first mora accented one comes back to the low level
as quickly as the preceding increasing phase. Of course, as is
implied by the standard deviation bracket curves, it is doubtful
whether such a minute difference is consistent or statistically
significant.

Figure 7 contains a pair of words, each having a voiceless
affricate phoneme /q/ in the intervocalic position. Here, it is
clear that the peak activity of the PCA as well as the peak open-
ing of the glottis for the voiceless a%fricate is smaller in a
post-accented position, compared to the pre—accénted position.

The PCA activity patterns in this graph further reveal another
point of interest: The activation of the PCA for the post-accent-
ed voiceless affricate starts approximately at -250 msec, while
it does not begin until -70 msec before the line-up for the pre-
accented one. The activation for the former case should be con-
sideredAas occurring quite early, particularly in view of the
estimation that the time lag of mechanical contraction from the
electrical activity during voluntary movement is unlikely to be
far beyond 100 msec. In this connection, the audio envelope curve
for this first mora accented word is suggestive; the preceding
accented vowel /il/ is produced with a glottal attack, while it
is not the case for the initial "non-accented" vowel in /ici?/.
Taken together, it is conceivable that the early initiation of the
PCA activity is not directly correlated to the following opening
gesture for the voiceless affricate, but rather to the release of
thé tight closure of the glottis due to the glottal attack gesture
for the word-initial accented vowel (e.g., leose and Gay, 1973).
Figure 8 further compares threé different words composed of

a same phoneme combination /iki/, where the accent type differs.
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Fig. 7. Averaged EMG curves of PCA, representative glottal width curves and
corresponding audio signals for /ilei/ and /icil/.
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Fig. 8. Averaged EMG curves of PCA, representative glottal width curves and
corresponding audio signals for /iki/, /i1ki/ and /ikil/.
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Here, what has been pointed out:in the previous graph is again

- clear despite the difference of intervocalic obstruent. The peak
glottal opening for pre-accented voiceless. stop at‘the right is
larger than that for the ppst—accented one in' the middle of the
graph. In addition, the early initiation of PCA activity prior to
the post-accented stop production is quite obvious, although the
audio envelope curve at the bottom does not clearly show a com-
pletely silent period preceding the glottal attack. As for the
"non-accented" word at the left, the maximum glottal opening dur-
ing the intervocalic voiceless stop is, unlike the post-accented
stop production‘mentibned above, as lafge as that for the pre-
accented stop. furthermore, the tempofal patterns of the PCA for
these two "non-accented" and pre-accented stop productions are
strikingly similar to each other and clearly different from that
for the post-accented one. These findings on the glottal open-
ing gesture and its neural control related to the accent distinc-
tion may be of particular interest, especially'in consideration
of the fact that the second mora of a '"non-accented" word is usual-
ly produced rather higher compared to the preceding first mora,
and ¢onsequently the pitch contour resembles that for the second
mora accented word as far as the ahterior portioh before the ac-
cent kernel is concerned.
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