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LARYNGEAL CONTROL FOR VOICING DISTINCTIONS:
A REVIEW OF RECENT WORKS*

Masayuki Sawashima

The basic features of laryngeal movements for the voiced vs.
voiceless distinction in various languages have been examined by use of
EMG and fiberoptic techniques. The glottal adduction-abduction dimension
is directly observable with the fiberscope. The general picture is that the
glottis is closed or nearly closed for voiced sounds while it is open for
voiceless sounds, the extent of glottal opening varying with different
phonemes and phonological environments, For Japanese voiceless stops
the glottal opening for the same phoneme is greater in word-initial
position than in word-medial position, For geminate stops, which occur
only in word-medial position in Japanese, the duration of the glottal
opening is consistently longer than for the corresponding non-geminate
stops, whereas the degree of opening is often observed to be as small as
in word-medial non-geminates. The findings for stops are also applicable
to affricates, Voiceless fricatives show wide glottal aperture even in word-
medial position, A large glottal aperture is associated with vowel de-
voicing in Japanese (Sawashima et al, 1976). In American English, a
larger glottal opening associated with a greater degree of aspiration is
observed for pre-stressed voiceless stops as compared to the correspon-
ding post-stressed stops (Sawashima 1970). In French voiceless stops, a
larger glottal opening is also observed for the pre-stressed position than
for the post-stressed position (Benguerel et al, 1978). Observations on
languages such as Korean (Kagaya 1974, Hirose et al, 1974), Hindi
(Kagaya and Hirose, 1975) and Chinese (Iwata and Hirose, 1976), which
have a phonemic distinction between aspirated and unaspirated stops, have
revealed a large glottal opening for aspirated voiceless stops. The
articulatory release takes place nearly at the point when the maximum
glottal opening is reached. For unaspirated voiceless stops, on the other
hand, the glottis is nearly closed to the phonatory position at the articula-
tory release, although a small amount of glottal separation is observable
during oral closure, A similar contrast has been observed between /p/
and /b/ in Danish in word-initial position (Fischer-Jgrgensen and Hirose
1974a), For the voiced aspirated stops of Hindi (Kagaya and Hirose 1975),
the glottis is closed during most of the oral closure until it begins to open
at the end of the oral closure, the maximum opening being reached after
the release,

It has been observed that the glottal stop gesture, instead of glottal
abduction, is used for English voiceless stops in certain environments
(Pujimura and Sawashima 1971), The characteristic appearance of this
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gesture is an adduction of the false vocal cords covering the closed glottis,
In whispered phonation, there is a constriction of the supraglottal laryngeal
structures characterized by the adduction of the false vocal cords and a
reduction in the anteroposterior dimension of the laryngeal cavity, although
the glottis is open as in voiceless sounds in normal speech (Weitzman et
al, 1976), The adduction of the false vocal cords appears to contribute to
prevent the glottal vibration by the transglottal air flow and also to facili-
tate-the generation of turbulent noise,

Electromyographic study of the larynx (Hirose and Gay 1972,
Hirose and Ushijima 1978, Hirose et al, 1978a) has revealed, in various
languages, a clear reciprocal pattern of activity between the posterior
cricoarytenoid (PCA) and interarytenoid (INT) muscles for the voiced vs.
voiceless distinction, a decrease in PCA activity with an increase in INT
activity for voiced sounds, and the reverse for voiceless sounds, It has
also been revealed that PCA is important for active vocal fold abduction for
those speech sounds which are produced with an open glottis (Hirose 1976,
Hirose and Ushijima 1978, Hirose et al. 1978a), A detailed observation of
the laryngeal movements in correspondence with the EMG patterns for
various types of Japanese voiceless sounds and sound sequences (Sawashima
et al, 1978) has revealed that there is some subject-to-subject difference
in the mode of laryngeal control using the PCA and INT muscles, In one
subject, the time course and the extent of the glottal aperture are mainly
represerted by PCA activity with an associated decrease of INT activity,
The time curve of the glottal width in this case can be interpreted as a kind
of mechanically smoothed pattern of PCA activity. In the other subject,
however, the activity of the INT appears to actively contribute, in combi-
nation with the PCA, to the control of the glottal condition. )

The data mentioned above present fairly clear physiological evidence
for the laryngeal control of the glottal abduction and adduction, Another
problem is whether or not we see physiological evidence for the stiff-
slack dimension of the vocal folds, which was proposed by Halle and
Stevens (1971) as another laryngeal feature contributing to the voiced-
voiceless distinction in addition to abduction-adduction of the glottis,
According to their proposal, stiffening of the vocal folds takes place for
voiceless consonants and slackening for voiced consonants. When consider-
ing the physiological mechanism of control of vocal fold stiffness, we
should refer to the ''cover and body' structure of the vocal folds proposed
by Hirano (1974). According to Hirano, the vocal folds consist of two dif -
ferent layers whih are connected loosely with each other. The outer layer,
which is called the ''cover', is the mucosa covering the free edge of the
vocal folds. The inner layer, which is called the ''body', contains the
vocalis muscle, The longitudinal pull of the vocal folds by the contraction
of the cricothyroid (CT) muscle or some other external force results in an
increase in the stiffness of both the cover and the body. Contraction of the
vocalis (VOC) muscle also causes stiffening of the body, but it may shorten
the vocal folds and result in slackening of the cover which would facilitate
the vocal fold vibration (Fujimura 1977). Thus increase in the activity of
CT can be physiological evidence for stiffening of the vocal folds, although
other possible mechanisms are still to be explored, An extensive EMG
study of the role of the larynx for the voicing distinction in Japanese conso-
nants (Hirose and Ushijima 1978), has revealed that there is a temporary
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decrease in CT acitvity for both voiced and voiceless consonants. The
degree of suppression is greater for wordeinitial voiced consonants than
for the voiceless counterparts and least for word-medial consonants with no
difference according to the voicing condition. There was also a temporary
suppression of the VOC activity, the extent of the suppression being inde-
pendent of the voicing condition but greater for the word-initial consonants
than for the word-medial sounds, The results reveal that in Japanese
consonants there is no physiological evidence for the stiff-slack dimension
in the laryngeal control of the voicing distinction. The greater suppres-
sion of the muscle activities is considered to be related to the Fy fall and
the presence of the word boundary. In Hindi, Dixit (1975) reported a high
CT activity for voiceless stops, but the results of Kagaya and Hirose
(1975) for the same language failed to confirm that., A higher level of CT
activity and a lower level of VOC activity for the voiceless stops than for
the voiced stops is reported in a study of Swedish short and long consonants
(Hirose 1977). Hirose et al, (1974) reported a sharp increase in VOC
activity immediately before the articulatory release of a Korean forced
stop. This particular VOC activity was interpreted as a physiological
correlate of laryngealization as observed in the Danish stdd (Hirose et al.
1974, Fischer-Jgrgensen 1977, Hirose et al. 1978a). Another interpre-
tation proposed by Fujimura (1977, 1977) is that the vocalis muscle
functions as a relatively fast-response voicing trigger mechanism for
facilitating the vibration of the vocal folds which are otherwise under
unfavorable conditions because of their tenseness.

In summary, physiological correlates of the tenseness feature
appear to be manifested in some of the experimental results, but they are
not as clear and consistent as those of the adduction-abduction dimension
of the laryngeal features, It is reasonable to assume, however, that the
laryngeal adjustments for the voicing distinction are not limited to simple
adduction-abduction of the vocal folds, Further study is needed to explore
the physiological correlates of some other features including the problem
of tenseness of the vocal folds,
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