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ABSTRACT
The activity patterns of the cricothyroid

and sternohyoid muscles in Modern Standard
Chinese tones were electromyographically
investigated in two subjects. Average
activity profiles by tone and by segmental
syllable indicate cricothyroid activity is
well correlated to Fo with a latency time
af BO-100 ms. The sternohyoid participates
both in Fo lowering and segmental artic-—
ulation, with strong activity peaks prece-—
ding conscnant release when the following
vowel is back and/or low.

INTRODUCTION

The present study is part of an ongoing
electromyographic (EMG) investigation <14>
of modern standard Chinese (MSC) tones. In
terms of the pitch contours which charac-
terize them, the four lexical tones of MSC
may be roughly described as: tone 1 (T1):
high level, tone 2 (T2): mid to high ri-
sing, tone 3 (T3): mid-low to low falling,
tone 4 (T4): high to low falling. for de-
tailed -acoustic descriptions see
<7,10,11>., The activity patterns of two
laryngeal muscles: the Cricothyroid (CT),
the main regulator of vocal fold tension,
and the Sternohyoid (SH), an extrinsic
laryngeal muscle shown by various EMG
studies <13,5> to be active in Fo falls
and low Fo, but also believed to be invol-
ved in segmental articulation, were inves-—
tigated. The subjects were two female
students in linguistics in their late
twenties, both native speakers of MSC.
Subject CYC came from Taipeh and subject
FJ®@ from Beijing. The corpuses consisted
of MSC syllables in all tones placed in a
carrier sentence ([wo3 nizn4 X tsédl "1
read the character X") to avoid contamina-
tion by non—-speech muscular activity. The
target syllables were meaningful MSC words
belonging to minimal series having the
same segmentals, with lexical items in the
four tones. ‘'The same minimal series were
used with both subjects, and additional
material was also used for subject FJQ.

METHOD

Two thin hooked platinum wire electrodes
were percutaneously inserted into both
subjects® CT and SH muscles according to a

Pierre HALLE

Labo. de Psychologie
expérimentale.

CNRS, EHESS.

Paris, FRANCE

Bénédicte de BOYSSON-BARDIES

Labo. de Psychologie
expérimentale

CNRS, EHESS.

Paris, FRANCE

technique described in <3>. The subjects
were then made to perform various manoceu—
vers (opening jaw against opposing force,
swallowing, holding breath) to check on
the insertion of the electrodes in the
desired muscles. As the subjects read the
corpuses aloud in a sound-treated room,
the EMG signal from the electrodes and the
acoustic signal were simultaneocusly recor-—
ded by means of a 7-track AMPEX recorder.
Due to displacement of some electrodes
after the checking manceuvers, the signal
from subject CYC’s SH muscle proved unpos-—
sible to interpret. As a result, only
signals from subject FJQ’s CT and SH and
subject CYC’s CT could be analyzed.

The audio and EMG signals were digitized
at B8 KHz (after low-pass filtering at 3.5
kHz and 6 dB/ octave analog preemphasis
for the audio signal) and stored on disk
in a Solar 16-40 computer. Fo was extrac-
ted by means of a cepstral method with
framelength set to 312 ms. and frame pe-
riod set to 10 ms. The EMG signal was
undersampled to 1 KHz, _and the absolute
values were then integrated over a 75 ms.
Hamming window sliding by 4 ms. steps.
Programs were designed for the purpose of
displaying the audio and EMG signals toge-
ther with the Fo and integrated EMG
curves. The tone-carrying part, consisting
of the main vowel and any segment follo-
wing it in the same syllable <8> was vis-—
vally identified on the audio tracing.
Based on a technique created by Kratochvil
<?> +for obtaining average Fo and Ao pro-
files +for tones, Fo and integrated EMG
were measured by hand in twelve regularly
spaced points of time (numbered -2 to <)
for each target-syllable, points 1 and &
corresponding to the onset and endpoint
respectively of the tone-carrying part as
determined on the audio tracing, with
intervals of 207 of the duration of the
tone-carrying part between any two adja-
cent points. These 24 measurements summa-—
rized the evolution of the EMG and Fo
curves for each tone-carrying part and the
margins on both sides of it. Mean values
and standard deviations were calculated
for each of these 24 points to obtain
average Fo and EMG profiles by tone and by
segmental syllable.
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Fig. l.b: tone 2. Fig. 1.d: tone 4. EMB signal. 9 ’ : ntegrate G curve and raw
Figs. l.a-d: average Fo, cricothyroid and sternchyoid activity
profiles by tone. Each curve averages Fo or muscle activity in
five test syllables with segmentals [ma, ?ai, u, tu, thul. Solid vity occurring on paints -1 to 1 are rele- the same utterance. It characterizes not
line: subject CYC. Dotted line: subject FJQ@. Thick vertical vant to the control of Fo at the beginning only the test syllables but also the car-
lines 1indicate onset (left) and endpoint (right) aof .tone-car- of the tone-carrying part of the test rier sentences. It corresponds well to the
rying part. syllable, but patterns occurring after activity pattern of the CT as described
point 4 cannot relate to the test syllab- for other tonal or non—-tonal 1anguagess;
le. Note the increase in CT activity in Swedish <&>, Dutch <4>, Thai <5, French
. . the vicinity of point & in figs 1. a-d. <25 etc. Typical examples of CT activity
RESULTS AND DISCUSSION. L. Latency time, the interval between musc}e fhis, we believe, relates to the prod- in the 4 tones are shown in figs. 2.a-d.
Figs. 1.a-d show Fo and muscle activity activity and Fo responsa, is best esti” uction of T4 in the following syllable,
profiles for each Fone. With Spgaker FJQ, mated by cross-correlation methods but 2 T The sternohyoid. In spite of very high
t:e cY an: iH profiles were obtained +from FQQQh estimate can be arrived at by meas” Average profiles by segmental syllable standard deviation values, the average SH
e same tokens. uring the interval between remarkable indicate no clear effect of segmentals on profiles by tone in figs. 1.a-d show some
Th icoth ids imil Luti points on Fhe integrated EMG curve and the the level of CT activity (although syllab- correlation between low or falling Fo and
The cricothyroid: similar evolutions of corresponding points on the Fo curve. FO; le structure may affect the location of CT increased SH activity, in particular in T3
the CT are observed with both subJectSf Fo both subjects, latency times thus measure peaks in relation to segmental events). In and T4. Conversely, low SH activity accom-—
rises v(second part of T2, and any rises range between 50 and 160 ms, with Y?lues particular we do not observe the correla- panies T1, the high level tone, and T2,
preceding the onsets.of T anq ‘T4) -are most frequently situated in the 80-100 ms tion between vowel timbre and peak level the rising tone. However, the Fo shoulder
PrECEde? ?Y increases 1n CT activity. High range. This is in agreement with the fin- of CT which Auteserre % al. <2» suggested at the end of T2 is often preceded by an
cT ac;¥v;tyFalsg accompanies T1, a tone ding in <4> of a mean latency time of 74 might account for the intrinsic freguency SH peak.
Wlt:‘ ig ) Ot hroughout. In contrast, ms. for this muscle. In Figs.l.a-d, thes® of vowels. All profiles regardless of tone also dis-
20;110?$~ e T4)°”E5 charzcterlzed by Fo values correspond to between one and tWo This overall pattern is stable across play an increase between points -2 and O,
ails b are preceded by decreases times the interval between two adjacent utterances, and also across repetitions of corresponding to sharp activity peaks

in CT activity. points. Accordingly, patterns of CT acti”
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shortly before vowel onset in individual
test syllables. This suggests that part of
the activity of the SH is unrelated to
pitch control. Average profiles by segmen—
tal syllable (Fig.3) indicate the level of
activity around vowel onset depends on the
nature of segmental material, vowel timbre
in particular: highest levels occur with
fal, lowest with [il, intermediate levels
with [ul. These observations of the acti-
vity pattern of the SH are consistent with
published accounts of its role in speech.
Regarding Fo control, 0Obala <12> claimed
the strap muscles, among which the SH,
lower Fo indirectly by lowering the la-
rynx, which in turn reduces the vertical,
not the antero—-posterior, tension in the
vocal folds. Regarding segmental articula-
tion, Obala and Hirose <13 claimed that
the GSH also participates in tongue—lowe-
ring, tongue-backing and jaw-opening ges-
tures by fixing or lowering the hyoid bone
when muscles 1linking the hyoid bone and
structures above it are also contracting
(as the anterior belly of the digastric in
jaw-opening gestures). Fo lowering will
occur anly if the hyoid bone and the la-
rynx are free to move downward, that is,
if the hyoid bone is not simultaneously
pulled upward by muscles above it.
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Fig.3: Average sternchyoid activity pro-
files by segmental syllable (subject FJQ).
Each curve averages SH activity in four
test syllables with T1, T2, T3 and T4.
Simple line: syllable [mal. Dotted line:
syllable [tul. Double line: syllable [pil.

CONCLUSION

Involvement of the SH in both Fo control
and segmental articulation is not the only
source of wvariability in our data: SH
activity patterns can differ widely in
repetitions of the same utterance. While
instability of muscle activity patterns is
a normal result in EMG studies, the stabi-
lity of CT patterns is more remarkable.
Two reasons may be invoked to account for
its (a) the CT specializes in Fo control

and is not simultaneocusly involved in
other tasks, and (b)) although other
muscles (among which the SH) play a role
in Fo control, none is so efficient in
regulating vocal cord tension.
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