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The aim of our research in speech communication is to develop models for the

production and perception of phonetic segments of words in sentences, and to apply

this knowledge to problems of communicating with machines by speech and to the

study of communicative disorders and speech development in children.

The work on speech production and perception in the past year has included

a continuing series of studies on the perceptual, acoustic, and physiological

bases for the phonetic features. For example, we are carrying out perceptual and

acoustic studies of the /s-s/ distinction, the tense-lax distinction and other

phonetic contrasts for vowels in several languages, the role of burst amplitude

and spectrum in the place distinction for stop consonants, and the nasal-stop

distinction. We have developed a mechano-acoustic model of stop-consonant pro-

duction, and we are using this model to account for the voicing and burst char-

acteristics observed in stops. Studies of the discharge patterns of auditory-

nerve fibers (in cat) in response to consonantal speechlike sounds are leading to

insights into peripheral auditory processing of speech sounds. Perceptual studies

of phonetic and psychophysical distance between vowel-like sounds that have been

subjected to various kinds of spectral manipulations are also providing informa-

tion concerning the resolution of the auditory system in response to these sounds.

Several studies of articulatory movements and of the electromyographic sig-

nals underlying these speech movements have been carried out as part of our con-

tinuing effort to understand the control processes involved in the production of

speech. One experiment examined the precision that is achieved in forming the

vocal tract shape at different points in the oral and pharyngeal regions for dif-

ferent vowels. In another study the "anticipatory" strategies used by speakers in

different languages were observed as they maneuver their articulators to produce

sequences of phonetic segments. Other experiments have been concerned with the

manner in which speakers adjust their strategies for the timing of jaw movements
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for vowels that are produced with various degrees of jaw opening.

An increasingly important part of our research is concerned with acoustic

and articulatory phenomena that occur in sentences and in conversational speech

in various dialects of English. This research is motivated in part by a continuing

effort to implement models or systems for speech synthesis by machine and for

speech recognition by machine. Phenomena of this type that have been studied

during the past year include: rules for the synthesis of sentences from a pho-

netic description, strategies for recognizing phonetic elements in spectrograms

of sentences, models of lexical access for words in sentence, the palatalization

of alveolar fricatives in certain phonetic environments, the deletion of /t,d/

in Black English, and the changes in larynx output that occur from the beginning

to the end of a spoken sentence.

During the past year, considerable effort has been devoted to upgrading our

facilities for analysis, synthesis, and editing of speech. A UNIX operating sys-

tem has been installed in the PDP 11/60 speech computer, and user programs have

been developed for recording and playback of speech, waveform editing, spectrum

analysis of various kinds (including a "filterbank" designed to simulate certain

psychophysically-based attributes of the auditory system), and extraction of

parameters such as fundamental frequency and formant frequencies. We have

continued to develop instrumentation for measurement and processing of physiolog-

ical aspects of speech production. In one such project, we are implementing a

magnetic-field-ranging technique for tracking movements of points on the tongue

surface, in which specially designed miniature biaxial coils are attached to the

tongue.

Other projects relating to human speech and sound generation include: com-

pletion of a study of the characteristics of the cry of newborn infants, including

both normal infants and those with certain pathologies; investigation of funda-

mental-frequency contours in the speech of deaf children, particularly the inad-

vertent deviations that occur in these contours for some children; completion of a

thesis on the modelling of the vocal tract for children of different ages; and a

study of fundamental-frequency contours in discourse between parents and children.
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