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l .  Introduction 

It is apparent that the mechanisms and processes of speech production and 

those of speech perception are essentially different. Functionally, speech is 

produced by successive execution of prestored motor programs, while speech 

is perceived by categorization of successive linguistic units  and by recog— 

nition of their hierarchical structure. The acoustic characteristics of speech 

perceived by a speaker are not necessarily identical to those of speech which 

he/she produces, because of various contextual, idiosyncratic, and dialecti— 

cal variations. On the other hand, it is quite natural to assume that the 

original message to be uttered by a speaker and the ultimate message to be 

received by the same person as listener would have the same form of 

linguistic representation in his mind. Moreover, many people tend to assume 

the existence of a further link between speech production and speech percep- 

tion. In fact, several theories or models have been presented on their possible 

relations, such as the articulatory reference theory, the analysis—by-synthesis 

model (Halle and Stevens 1959), the motor theory of speech perception 

(Liberman et al. 1962), the auditory pattern model (Pant, 1967), the audito— 

ry—motor theory of speech production (Ladefoged et al., 1972), etc. Experi- 

mental evidences in support of these theories or models, however, have been 

rather scarce and indirect. 

ln this paper I will not try to review nor to criticize these theories or 

models, but will try to review some recent findings that will lead to a more 

concrete understanding of the possible links between speech production and 

speech perception. The works to be reviewed here can be classified into the 

following four areas: 

1. Influence of speech production upon speech perception, 

2. Influence of speech perception upon speech production, 

3. Relation between production and perception in language learning and 

4. Speech productions and perception by nonhuman vertebrates. 

N
 

. Influence of Speech Production upon Speech Perception 

The human process of speech production is constrained by the physiological 
and physical properties of the mechanisms involved. Thus considerable 
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variations can be found in the realization of the same linguistic unit due to 
context, changes in speech rate, and other factors such as speaker idiosyncra- 
sy. The process of speech perception has to separate these extraneous factors 
and extract the relevant linguistic information. 

The use of contextual information in speech perception has been well 
known, but has recently been explicitly observed and measured quantitative- 
ly. For example, the presence of a vocalic context was found to modify the 
identification of the neighboring voiceless fricative consonant in such a way 
that the coarticulatory influence is compensated for in perception (Kunisaki 
and Fujisaki, 1977; Mann and Repp, 1980; Whalen, 1981). In the case of 
Japanese, anticipatory coarticulation by the vowel immediately following a 
fricative consonant is much stronger than perseveratory coarticulation by 
the preceding vowel, and the magnitude of perceptual compensation also 
reflects their difference. 

Speech rate is another factor exerting influence on the acoustic character- 
istics of segments, especially on segmental duration. The existence of per- 
ceptual compensation against changes in speech rate has also been studied 
(Fujisaki, Nakamura and Imoto, 1973, Nooteboom, 1974, 1978: Johnson 
and Strange, 1982). The range of context used in perception has been found 
to extend beyond the immediately neighboring phonemes and syllables 
(Fujisaki, Nakamura and Imoto; 1973, Nooteboom and Cohen, 1975; Mar- 
tin and Bunnell, 1981). 

Another constraint imposed by the production mechanism is that of 
speaker idiosyncrasy or individual differences in the size and properties of 
speech organs due to age, sex and other factors. In a study using 3 male and 3 
female speakers of American English, Fox (1982) reported a consistent 
perceptual structure difference of vowels among these subjects as listeners, 
and also found a high degree of correspondence between perceptual diffe- 
rences and articulatory differences among the subject. In View of the fact that 
speakers differing widely in the physical size and shape of their vocal tract 
(e.g. adults and children) can communicate reliably in ordinary situations, 
however, the above-mentioned influence from speech production to speech 
perception could not be of any significant magnitude. In fact, Paliwal et al. 
(1983), in a separate study using 10 Speakers of British English, did not find 
any significant correlation between production and perception of vowels. 

3. Influence of Speech Perception upon Speech Production 

A syllable-timed language like Japanese imposes perception-based 
constraints on the temporal organization of speech production. As suggested 
by Lehiste (1977), isochrony is found to be a perceptual phenomenon, and is 
manifested as an approximate uniformity of perceived duration of syllables 
at least in the case of Japanese (Fujisaki and Higuchi, 1979). In a study of 
production and perception of dissyllabic words consisting of only two vo- 
wels, it was demonstrated that the perceived durations of the first and the 
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second vowels tended to be almost equal regardless of vowel combinations 

but that the articulatory onset of the second vowel, estimated by usmg a 

quantitative model of coarticulation varies rather widely depending on 

specific vowel combinations. There was a clear tendency. that a slower 

articulatory transition is initiated earlier and vice versa, indicating that the 

apparent variability of onset of vowel articulation is the consequence of 

pre-programming to maintain the uniformity of perceived syllable duration. 

Even though the results could be explained both in terms of the chain model 

(i.e. assuming a closed-loop control) and in terms of the comb model (i.e. 

assuming an open-loop control, Kozhevnikov and ChistOVich, 1965) it is 

more likely that such a perceptual isochrony should be achieved by ‚an 

open-loop control based on well-prepared program for syllabic timing 

control (Allen and Tsukahara, 1974). . 

While the above-mentioned requirement on perceptual isochrony repre- 

sents a form of perceptual constraint imposed on speech production, the 

existence of an immediate link from speech perception to speech production 

has also been suggested by an interesting experiment on perceptuo-motor 

adaptation (Cooper, 1974; Cooper and Nager, 1975). The result, how-eve:i 

was not replicated in a recent study by Summerfield et al. (1980). As I pomte 

out elsewhere (Fujisaki 1980), the selective adaptation-paradigm. is a useful 

tool, but the results have to be interpreted with caution Since it‘creates a 

situation never to be encountered in natural speech communication. 

4. Speech Production and Perception in Language Learning 

The process of second-language learning provides another area of interest 

where the relation between production and perception of ‚speech can_be 

investigated. In a study on 72 native Spanish-speaking children learning 

English, both production and perception of vowing distinction in stur; 

consonants (in terms of VOT) have been analyzed from the pomt of view o 

a) length of period of learning English, and b) the starting age (Wil iams, 

1979). The results indicated that significant changes occur both in perceptiokn 

and production of voicing toward the pattern of monolingual English-spear 

ing children selected as the control, and thattne starting age had a s1gm i- 

cant effect in production, but not in perception. 

The relation between production and perception of word accent was also 

investigated on 38 students of junior high school in Fukui learning the Tokyo 

dialect (Sugito and Fujisaki, 1980). The study revealed a strong correclation 

between the abibility of perception, as indicated by the accuracy of identifi- 

cation, and the ability of production, as indicated by the relative frequency of 

using correct accent types. 

5. What do we learn from Experiments on Nonhuman Vertebrates? 

A series of experiments have been reported on the perception of synthetic 
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speech sounds by non—human animals (chinchillas and macaques), and have 

indicated that these animals show human-like discriminability along certain 

consonantal continua (Kuhl and Miller, 1978; Kuhl, 1981, 1983), and also 

can be trained to identify certain vowels (Burdick and Miller, 1975). These 

results suggest that certain phonetic categories of human speech sounds are 

based on some psycho-acoustic properties that can be detected also by 
non-human animals, and provide a basis for an interesting hypothesis 

concerning the evolution of the human language. One might even say that 
speech perception takes place in the total absence of the ability of speech 

production. Similar arguments could also be made on speech production on 
the basis ofthe ability of mynahs and parrots which can produce excellent 
approximations to human sounds. The validity of these arguments will 

depend, not so much on the facts themselves, but rather on one’s definition of 

speech production and speech perception. 
. In my opinion, the data on speech perception by animals and prelinguistic 
infants Simply tell us that certain sounds of human languages are selected in 
such a way as to take advantage of some basic psychoacoustic properties of 
the sound continuum which can be generated by the human vocal apparatus. 
It is to be noted, however, that these experiments do not explain at least up 
to the present, the origin of all existing categories of speech sounds, especially 
the categorization of the vowel continuum which is so much language—speci— 
fic and can hardly be related to any basic psycho-acoustic properties. 
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