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10. Ontogeny of auditory perception’

10.1. Development of auditory
perception in relation to vocal
behavior?

PETER MARLER

Of the contributions of classical ethology to behavioral biology, none has
had more far reaching consequences than the demonstration of innate
factors in behavioral development, and particularly their influence on the
ontogeny of responsiveness to environmental stimuli. Among verte-
brates the emphasis on innate responsiveness has been especially strong
in birds, as embodied in such notions as the ‘releaser’ and the ‘innate
release mechanism’ — bringing to mind, for example, the now classical
studies over a twenty-year period on feeding responses of gulls to visual
stimulation (Tinbergen 1951, Tinbergen and Perdeck 1950, Hailman 1967,
1970). In theory, if not always in practice, ethologists have placed equal
emphasis on the intercalation of innate factors with learning in the
development of bird behavior. Those in neighboring disciplines are
nevertheless prone to infer that the responsiveness of birds to stimuli is
largely genetically programmed, except in such special situations as
imprinting (e.g Gibson 1977). This is contrasted with the human situa-
tion, where innate influences are thought to play a minor, even vestigial,
role. According to this view, non-human primates fall somewhere be-
tween these extremes. In fact little work has been done on the develop-
ment of responsiveness in monkeys and apes to stimuli that control their

1 The comments on this section (pp. 705-10} take account of the fact that auditory perception
may be a subject less familiar to readers of this volume, and provide a brief overview of the
experimental techniques.

2 Research for this paper was supported by grants from NIMH (MH14651) and NGF
(BNS7519431). The author is indebted to conference participants, especially to Dr Alvin
Liberman and Dr Detlev Ploog for discussion and criticism, and to Dr Stephen Zoloth for
reviewing the manuscript and adding new material.
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664 Ontogeny of auditory perception

behavior in nature, and the emphasis has been on the learnability of
responsiveness. Actually there are hints of a significant degree of innate
responsiveness, as for example in Sackett’s (1966} studies of responses of
infant monkeys to two-dimensional representations of facial expressions.

With such exceptions, there has been little attempt to explore the
possibility of innate responsiveness of non-human primates to biologi-
cally significant stimuli in infancy. Nor has the possibility been explored
of any special adult facility in learned perceptual processing of natural
sign stimuli, irrespective of the richness or paucity of prior experience of
them. The aim of this paper is to present new information on a study in
progress on responsiveness of the Japanese macaque both to natural
vocal stimuli and to synthetic stimuli molded on the natural vocabulary,
and on a study of the intercalation of genetic and environmental influ-
ences in the development of responsiveness to vocal stimuli in birds.

The methedology of the animal studies I shall describe was stimulated
by that used in recent investigations of the perceptual processing of
speech stimuli by human adults and infants. As components in the
revolution in our understanding of the perceptual capacities of human
infants in the last fifteen years, these investigations have done much to
establish a sensible balance between nativistic and empiricist views of the
development of human perception. Just as ethology played its part in
inspiring new approaches to the study of human behavior, I believe that
the logic and sophistication of experimentation on human perceptual
development has outpaced progress in ethological studies of animal
perception. Ethologists can now learn much of benefit from human
studies. I will illustrate this point with a brief review of an impressive,
thought-provoking body of data on the development of speech percep-
tion that merits close attention from ethologists working on analogous
problems with animals.

Approaching recent research on the structure of speech sounds as a
novice, I was astonished to discover that cross-cultural descriptions of
certain physical features of speech patterns reveal the existence of univer-
sals in the properties that define boundaries between some functionally
distinct patterns of sounds. I can best illustrate the results from these
comparative vocal ‘ethograms’ by reference to the distinction in many
unrelated languages between critical pairs of voiced and unvoiced conson-
ants. [ have in mind the property known as ‘voice-onset-time’ (VOT), a
focus of special study since it is one of the few characteristics of speech
that can be reliably measured from the frequency-time sound spectro-
grams on which so many bioacoustical studies are based.
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1. Measurements of speech sounds: histograms of voice-onset-times in stop consonants in
English and Thai. The large arrows indicate the position of the perceived ‘universal’
boundaries. Inserts show three examples of synthetic speech with VOTs of --150 msec., +10
msec. and +100 msec. (After Lisker and Abramson 1964, Cutting and Eimas 1975.)

An example from English is shown in figure 1. The cross-cultural
studies of Lisker and Abramson (1964) have shown that all languages
studied employ voice-onset-time as one criterion for differentiating
speech sounds, and that, when employed, the boundaries always fall in
approximately the same places, at one of two locations (figure 1). Similar
universals in speech sounds have been found in the patterns of formant
onset that differentiate sounds produced at different points of articula-
tion, labial, alveolar, and velar (e.g. [ba}-[da]-[gal). There is a long list of
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other universals (e.g. Greenberg 1966, 1969, Studdert-Kennedy 1977),
but the features of consonants [ have mentioned have the advantage that
they are specific and lend themselves to precise analysis and experi-
mental control.

When such universals are discovered in ethograms of animal behavior,
recurring in separate populations of the same species, and contrasting
strikingly with the distribution of vocal dialects, local feeding traditions
and the many other divergent traits of local populations, an ethologist is
likely to entertain the possibility of genetic developmental controls.

A further revelation to me was that although we hear speech sounds as
discretely distinct from one another, they are often distributed in actual
speech in ‘graded’ continua rather than in discretely separate categories.
For example, histograms of voice-onset-times used in speech reveal that
although the values across a given boundary tend to be grouped separ-
ately, such as that on the VOT dimension between [pa] and [ba], there are
nevertheless intermediate values. These occur frequently enough to
invite us to ask why we are not more often confused as to precisely which
consonant a speaker intends (figure 1). This implication was not lost on
experimental psychologists, and led to a series of studies on responsive-
ness of adult subjects to such graded speech sound continua drawn first
from natural speech patterns, and subsequently created by computer
synthesis, with all characteristics under experimental control (Liberman
1957, Liberman et al. 1961, 1967).

Such series as the voice-onset-time continuum, in ten or twenty milli-
second steps from [pa] to [ba] to [mba], created by the speech synthesis
facilities of the Haskins Laboratories in New Haven, have provided the
basis for many insights into the mysteries of speech perception. In par-
ticular, they have led to evidence for a distinctive mode of perceptual
processing that has become known as ‘categorical perception’. Although
not unique to the perception of speech sounds (e.g. Cutting and Rosner
1974}, nor restricted to the auditory modality (Pastore 1976), it is es-
pecially well exemplified by studies of responsiveness of human subjects
to complex acoustic continua such as a voice-onset-time series. Asked to
label sounds on such a continuum, an English-speaking subject divides
the continuum into two parts, labelling one side [pa], the other[ba]. The
sharp boundary between them coincides with the trough in voice-onset-
time productions. This boundary recurs in different languages, though
with subtle details that vary consistently from one to another. In some
languages, such as Thai, there is a second boundary, around - 20 msec.
VOT, shared by the speech pattern of many other cultures.
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There is another characteristic of so-called ‘categorical perception” of
speech sound continua. Adult subjects, asked to discriminate between
sound pairs differing by small increments on the VOT continuum, dis-
play greater sensitivity to variations in the zone of the boundary than to
within-category variations under certain testing conditions (Studdert-
Kennedy et al. 1970). They behave as though they were desensitized to
within-category variations in this particular property of speech sounds,
while being acutely sensitive to small changes at the boundary. This
contrasts with the ‘continuous’ perception of other kinds of sound
properties such as pitch or loudness. Categorical processing has the
consequence of grouping stimuli in classes, imposing a particular kind of
order on varying patterns of stimulation by a process of quantization.
Although virtually unexplored by ethologists, we should seriously enter-
tain the possibility that animals exhibit analogous perceptual
phenomena. Itis easy to imagine circumstances in which they could be of
value, hence the genesis of some of the animal studies to be described
shortly.

Much of what I have described about adult perception of speech could
be thought of as a consequence of the rich perceptual and motor experi-
ence of speech that any adult brings to bear on a given task of speech-
labelling or discrimination. Another set of recent findings suggests that
special perceptual predispositions are also involved, irrespective of prior
experience with speech. A variety of human infant response measures,
including habituation of a sucking response, heart-rate changes and
evoked brain potentials, indicate responsiveness to similar boundary
values between functionally distinct speech sounds in subjects as young
as one month of age (e.g. Dorman 1974, Eimas et al. 1971, Eimas 1975,
Morse 1972, Wood, Goff and Day 1971). Figure 2 illustrates the kinds of
results leading to this interpretation, derived from the work of Eimas. The
early age at which these results are obtained led to the speculation that
responsiveness to some of these boundary properties may be innate.

Evidence for an innate component was obtained by Lasky, Syrdal-
Lasky and Klein (1975) in studies of speech perception of four-to-six-
month-old infants living in a Spanish-speaking environment. There are
slight but consistent differences in voice-onset-time boundaries in adult
production and perception in English and Spanish. These led to the
prediction that infants would demonstrate boundary limits different from
those obtained by Eimas with children living in English-speaking envi-
ronments, if these were acquired through infantile experience of speech
patterns. The infants proved to be responsive to boundaries in both
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2. A typical result of an experiment by Eimas and his colleagues on perception by a
four-month-old infant of synthetic speech sounds varying in voice-onset-time. With te-
peated playbacks of a given sound triggered by the sucking response, habituation occurs, A
new sound is then substituted. If the new sound is the same as the old one thereis no change
(same). If the new one is different, it evokes small or large response increases depending on
whether it is on the same side (within category) or the opposite side (between categories) of
the ‘universal’ VOT boundary at about 30 msec. (After Eimas et al. 1971.)

regions of the VOT continuum that are universals, the so-called ‘English’
and the “Thai’ boundaries, with no sign that experience of the distribu-
tions used in Spanish had affected their speech perception.

Aninnate component is implied by a study of Streeter (1975), although
with evidence of acquired components as well. Infant perception of
boundaries along the VOT continuum was studied in children exposed to
Kikuyu in infancy. This language has only one labial stop consonant, with
a VOT of about —60 msec. Perhaps as a consequence of exposure to the
pattern of usage, two-month-old-infants were responsive to one bound-
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ary along the VOT continuum somewhere between 0 and —30 msec. They
seemed more responsive to this boundary than the subjects Eimas had
studied in an English-speaking environment. However, the Kikuyu-
exposed infants, although lacking experience of anything equivalent to a
[pl, proved responsive to a boundary somewhere between +10 and +40
msec., thus resembling infants exposed to English and various other
languages. Streeter concluded that there is evidence of interaction be-
tween nature and nurture, and that some phonetic or acoustic discrimina-
tions may be universal whereas others seem to require or are reinforced
by previous relevant exposure.

Other studies have demonstrated responsiveness in infants between
one and six months of age to the variations in second- and third-formant
transitions in synthetic speech patterns that establish boundaries be-
tween the different articulation points distinguishing labial, alveolar and
velar stop consonants. Infants also seem responsive to differences be-
tween vowel sounds.

The potential lability of predispositions that human infants may bring
to segmentation of speech sound continua is clear. The [ra}-{la] distinc-
tion that Japanese adults find so difficult, unemployed in Japanese, is
probably easier for infants, though only American subjects have been
tested thus far (Eimas 1974). However, even though the stimulus patterns
on which learned responsiveness in adulthood is based are likely to be
more complex than those of infants, with more redundancy, perhaps
involving configurational features, and sometimes so changed that the
effective stimulus set no longer contains those that match the original
predisposition, the latter must surely play an ontogenetic role in setting
the trajectory for learning to respond to a more elaborate array of ab-
stracted features.

Such possibilities are indicated in a study by Kuhl and Miller (1975).
The formant patterns that distinguish different vowel sounds are compli-
cated by variations in the fundamental frequency of different voices,
likely to be a serious distraction for an infant learning to respond to
speech. Given the importance of vowel coding in speech, we might
expect a predisposition to focus more strongly on formant patterns than
on pitch in early responses. By independently varying the two features in
sounds presented to infants, Kuhl and Miller (1975) were able to show
that variations in vowel pattern are indeed more salient or arresting for
human infants than variations in pitch. This is not to say that they are
unresponsive to pitch variations. However, the salience of pitch is lower
than that of variations in vowel patterns, thus imposing some orderin the
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process of learning to extract different features from the complex array of

stimuli that speech sounds present.

Below I have summarized some of these findings about speech pat-
terns, and speech perception in adults and infants, that seem to me of
particular interest to biologists. They show that the human organism
brings some well-defined perceptual predispositions to the task of devel-
oping responsiveness to the complex of sound stimuli that speech repre-
sents. Some are manifest in initial encounters, and are thus developed
without prior experience of the stimuli involved.

(1) There are cross-cultural universals in acoustic properties defining
boundaries between functionally distinct speech sounds.

(2) Some functionally distinct speech sounds are not discretely sep-
arated but connected by a continuous series of graded intermedi-
ates.

(3) Adults process graded speech sound continua ‘categorically’, by
reference to boundaries, rather than ‘continuously’.

{4) Pre-speech infants are sensitive to some of these same ‘universal
boundaries’.

However early in human development such predispositions are man-
ifest, we are hardly likely to view them as developmental instructions for
designing infants as automata. Instead it seems natural to think of them
as initial instructions to set the trajectory for development of learned
responsiveness to a more elaborate array of abstracted features. Eventu-
ally these are embodied in the centrally generated ‘schemata’ invoked by
many psychologists in conceptualizing the development of human per-
ceptions of complex stimuli (Marler 1977). I now want to present animal
data from current experiments by Stephen Zoloth and myself and col-
laborators at the University of Michigan’s Kresge Hearing Institute, sug-
gesting that there are parallels in the perception of conspecific vocal ~
sounds by both monkeys and birds.

One reason I was so intrigued to learn of the graded nature of speech
sounds is that grading has proved to be an interesting characteristic of
sounds of several higher primates. In addition to the rhesus monkey
{(Rowell 1962, Rowell and Hinde 1962), it has now been described in
several other monkey species, as well as the chimpanzee (Marler 1976).
Even some species originally thought to have discretely organized vocal
repertoires, such as the squirrel monkey, are now known to exhibit more
grading than had been originally thought (Winter, Ploog and Latta 1966,
Schott 1975). It is virtually impossible to assay the communicative func-
tion of such sounds until we have some understanding of how they are
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processed during perception. The Japanese macaque has proved to be an
ideal subject for further pursuit of this problem.

In a thorough study of the usage of sounds in wild Japanese macaques
in relation to the circumstances of the vocalizer, Green (1975) has sub-
jected the entire vocal repertoire to exhaustive analysis. Sound patterns
intergrade freely in many parts of the repertoire. By subjecting the sounds
to an arbitrary acoustical taxonomy, Green was able to show that even
subtle variations in fine structure correlate well with varying circum-
stances of production, thus potentially encoding information of value to
companions. One subsystem consists of a variety of coos, data for which
are shown in figure 3.

A feature identified as significant by Green is the temporal position of 2
frequency rise, which may occur at any point in the coo. Early and late
positions correlate with different circumstances of production. So-called
‘smooth early highs’ (SE) are contact coos given by isolated animals, by
individuals in subgroups separated from the main group, or by young
animals separated from regular companions within the group. Vocalizers
are usually relatively calm, and smooth early highs seem to function
mainly to maintain group cohesion.

Animals producing smooth late highs (SL} are more highly aroused.
Though again the mood is affinitive, here the vocalizer is actively solicit-
ing contact, as for example in the sexual solicitation of oestrous females in
early stages of consortship. The call is typically given by a subordinate
towards a dominant (see figure 3). A careful analysis of the position of
‘highs’ in natural usage reveals a distribution reminiscent of that for
voice-onset-times, on the {pa}-{ba] continuum, for example (figure 4). As
such it lends itself to similar kinds of questions about the perceptual
processing by a species of its own vocal signals (Zoloth and Green, in
press).

In the first publication from what is planned as a series of studies,
Beecher ef al. (1976) have trained both Japanese macaques and other
monkeys in the laboratory to respond to playback of different classes of
o0 calls as cues, with one class as positive, the other negative. Eventually
the monkeys will be exposed to intermediate forms, both natural and
synthetic. Species differences in rates of generalization to new members
of the classes of smooth early and smooth late highs bear directly on the
theme of perceptual predispositions that are involved in learning to
respond to biologically significant stimuli.

Asin speech so in these monkey sounds certain physical features such
as pitch and spectral composition vary in different renditions and from
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3. Ataxonomy of different types of ‘coo’ calls of the Japanese macaque, together with a table
of frequency of usage of each type in a variety of social situations. (After Green 1975.)
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4, Distribution of frequency-peak positions in field recordings of Japanese macaque ‘ceo’
calls. (After Zoloth and Green, in press.)

individual to individual, This variation seems to slow down the rate with
which generalization occurs to new members of the two classes, when
these are characterized by high position. Nevertheless, Japanese maca-
ques proceed to achieve a high criterion of performance quite rapidly. The
next step was a comparison with performance of two other species of
monkeys with the same sounds. One, the vervet monkey, does not use
coos. The other, a pig-tailed macaque, does have coo-type calls, but the
details of its usage are unknown.

Members of these two control species had enormous difficulty in
generalizing to new tokens of the two coo classes — smooth early highs
and smooth late highs —in this situation (figure 5). This resultis consistent
with the notion that the SE-SL distinction is a conceptually relevant one
for the Japanese macaque, and thus easy to demonstrate, but an alien one
for the other species. Nevertheless, by exhaustive training the control
species were eventually able to reach a similar level of performance to the
Japanese macaques, showing that the task is not impossible for them, just
harder.

In subsequent experiments the ability of Japanese macaques and the
control species to group coo calls on the basis of either high position or
pitch was compared. First two groups of coos were selected, smooth early
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5. Generalization rates of two monkey species while being trained to discriminate between
sets of natural calls that differ in frequency-peak position. With the ‘peak relevant’' task
they had to discriminate on this basis while ignoring variations in starting pitch. The “pitch
relevant’ task imposed the opposite requirement, obviously more difficult for M. fuscata. (By
courtesy of Stephen Zoloth, after Beecher et 4l. 1976).
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and smooth late highs, carefully counterbalanced for other acoustic vari-
ables such as pitch and duration. In this experiment, which replicated our
previous work, the three Japanese monkeys acquired the discrimination
faster than the three controls.

Next, we used the same coos but this time sorted on the basis of pitch.
The task for the animals was to distinguish high and low pitched calls,
and ignore high position. Since each group contained both smooth early
and smooth late highs, the position of the peak was not relevant to the
task. The result was in complete conirast to the previous experiment. The
Japanese macaques acquired the discrimination more slowly than the
other species. The pig-tailed macaques, for example, had no trouble atall
in classifying the Japanese macaque calls on the basis of starting pitch, a
relatively simple cue. Thus it appears that Japanese macaques are better
able to classify groups of coos when they are sorted by peak position than
by pitch, while the opposite was true for control species.

We assume that learning proceeds fastest when the discriminative
stimuli differ consistently along dimensions that are meaningful to the
subjects, and that for Japanese macaques classification according to the
position of the ‘high’ is an easier conceptual task. This reflects a pre-
disposition to process the coos in a way that parallels their apparent
meanings. Of course it is too early to tell whether innate perceptual
mechanisms are involved. All subjects were wild-caught, with a history
of experience of reception and production of such sounds, experience
which the control species lack. Whatever the developmental basis, the
stimuli are clearly not equivalent to conspecific and alien adults, as
classical learning theory would have led us to expect. Further research
will tell if there is proneness to categorical divisions of these acoustic
continua, and whether some way can be found to ask similar questions of
infant monkeys.

Biological approaches to animal learning have in fact called several
assumptions of learning theory into question in recent years, especially
the principle of equipotentiality (Seligman and Hager 1972, Shettleworth
1972, Hinde and Stevenson-Hinde 1973). A feature of the song learning
process in which many male oscine birds engage in youth is its selectivity,
such that a male presented with a natural choice of songs of different
species to copy will selectively learn conspecific models. [ present now an
example which parallels the results of human infant studies in some
respects, providing a more viable comparison than any non-human pri-
mate studies yet available on the ontogeny of auditorily controlled
behavior.
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Song and swamp sparrows are closely related congeneric species
whose male songs, although similarin duration, are very differentin their
temporal organization or ‘syntax’. The simple song of the swamp sparrow
consists of a slow trill of similar sturred liquid notes. That of the song
sparrow is much more complex, with several distinct parts, consisting of
many short diverse notes and a trill near the end (figure 6). Within these
different, relatively stable, species-specific, syntactical patterns, both
exhibit much individual variability in the acoustic structure of the so-
called ‘syllables’ from which the songs are constructed.

Although the preferred micro-habitats of the two species differ, they
are very often within earshot. Both engage in song learning, and the
singing behavior of males reared in social isolation is significantly abnor-
mal. Yet thereis no evidence that the two species learn one another’s song
under field conditions, thus setting the stage for this experiment on
selective learning (Marler and Peters 1977).

Qur aim was to present male swamp sparrows in youth with both
swamp and song sparrow songs to see if selective learning occurred. If so,
we sought also to specify some of the acoustic parameters on which the
selectivity is based. For this purpose, series of artificial songs were created
by editing out distinctly different ‘syllables’ from tape recordings of
normal local song of the two species and then splicing them together in a
variety of simple but artificial syntactical patterns. These were chosen to
explore the possible significance of some of the organizational features by
which normal songs of the two species differ. Thus ‘swamp-sparrow-like’
patterns included sequences of identical syllables at various steady rates.
‘Song-sparrow-like” features included variable rates of delivery of syll-
able sequences (accelerating, decelerating) and a multipartite structure
{two parts), all features present in song sparrow song and lacking in that
of the swamp sparrow. Ten such patterns were created, using sixteen
different song sparrow syllables. Then an equivalent set was created from
swamp sparrow syllables, again sixteen in all. The syllable types were
sufficiently distinct that if imitation occurred we would be able to
determine the temporal pattern from which each had been selected.
Although there were more details to the design of stimuli, this outline
will serve to illustrate the result which was striking and, to us, un-
expected.

In the first experiment eight male swamp sparrows were taken from
wild nests between three and ten days of age and reared by hand,
together with female age mates, in small groups in acoustically shielded
chambers. Song sparrows of a similar age were also present during
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6. Sound spectrograms of natural song sparrow and swamp sparrow songs and artificial
training songs. Natural songs are shown at the top. Syllables from these and others were
assembled in synthetic songs, some created from swamp sparrow syllables (e.g. 3-6), some
from song sparrow syllables (e.g. 9-12}, some in ‘swamp-sparrow-like” patterns {e.g. 3,4, 9,
10), some in "song-sparrow-like’ patterns {e.g. 5, 6, 11, 12); syllables from songs 1 and 2 can
be seen in songs 3 and 4, syllables from song 8 in songs 10 and 11. Only swamp sparrow
syllables were learned. At the bottom are two songs of male swamp sparrows copied from
training songs 3 and 5. A 1 sec. time marker is given at the bottom left, with a 300 Hz interval
frequency scale.
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rearing, so that they were freely exposed to one another’s juvenile calls.
The birds were trained for thirty days between twenty and fifty days of
age. Each heard a set of the twenty synthetic songs arranged in bouts asin
normal singing, with thirty-two repetitions per day of each song type
totalling about 1000 exposures to each of the twenty song types. We
already knew that this training period includes the sensitive period for
vocal learning in this species.

As with other songbirds, such as the white-crowned sparrow (Marler
1970), male swamp sparrows learn to sing from memory. Kept onroughly
normal photoperiods, they came into song some months after training.
After songs had crystallized we were able to determine that the group of
eight subjects produced altogether nineteen syllable types. As in nature
each individual had more than one song type. We compared the syllables
with the models and judged twelve of the nineteen to be close copies.
Every one of them was a swamp sparrow syllable. Thus the male swamp
sparrow exhibits extremely selective vocal learning, accepting conspecific
syllables for imitation and rejecting song sparrow syllables. The interest-
ing point is that this occurs whether they are presented in swamp-
sparrow-like or song-sparrow-like patterns.

The choice is clearly made at the level of the components or ‘syllables’
from which the song is constructed, and not the overall pattern of the
song. Thus while four of the learned syllables were extracted from one-
part songs, the normal swamp sparrow pattern, eight were extracted
from two-part models, much closer to the typical song sparrow pattern.
Five of the accepted models were in series with a steady rate, normal for
swamp sparrows, but seven came from a series with a variable rate, more
typical of song sparrow patterns. Clearly the song syllables of these two
species are not equivalent stimuli as a basis for vocal learning of swamp
sparrows brought into the laboratory as nestlings.

This experiment still leaves the ontogenetic basis of the selective learn-
ing in doubt. What of the possibility that the few days of life in the nestin
the wild before capture could provide a basis for selectivity? To test this
possibility eggs were removed from the nests of wild swamp sparrows
early in incubation and, with some difficulty, hatched and reared under
canaries in the laboratory. These cross-fostered subjects were then
trained from thirty to fifty days of age with synthetic songs like those used
in the previous experiment. All subjects behaved similarly, selecting only
swamp sparrow syllables for imitation, showing thatan innate predispos-
ition is involved. Obviously there is much in common with speech per-
ception in human infants. In fact, many parallels can be struck between
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avian song learning and the development of the perception and the
production of speech in human infants, as summarized below.
(1) Motor learning has dominant role in developing patterns of sound
production
(2) Learning results in local vocal variants (dialects).
(3) All species members share some species-specific vocal characteristics
(universals).
{4) Selective responsiveness to species-specific sounds during vocal
learning (templates).
(5) Learning occurs most readily in certain life stages (sensitive periods).
(6) Extrinsic reinforcement (e.g. social or food) not prerequisite for vocal
learning.
(7) Early deafness affects vocal development more than late deafness.
(8) Hearing important for access to external models and to monitor own
vocalization (template matching}.
(9) Progression from highly variable to more stereotyped sounds during
vocal development (subsong and babbling).
(10) Lateralization of neural control (hypoglossal and hemispheric domi-
nance).

Justas young of our own species are predisposed to respond selectively
to particular aspects of speech sounds before themselves speaking, so
some young songbirds are responsive to species-specific features of song
before they themselves begin to sing. In both cases initial responsiveness
is manifest to relatively simple, elementary properties with full apprecia-
tion of more complex aspects of adult sounds remaining to be shaped
through learning. Such perceptual predispositions are valuable as
biological constraints on the vocal learning process, serving to focus the
young organism’s attention on an appropriate set of complex sounds, and
on particular properties that they exhibit. In the birds’ case, they are
guided to a set of conspecific models, focussing attention on a particular
subset of properties that they exhibit, sufficient to reduce the potential
hazard of learning the wrong song. This is achieved without sacrificing
the ability to learn more complex features of natural song. Human infants
stand to benefit not only from being encouraged to attend closely to
sounds of speech, but also from guidance in embarking on its perceptual
analysis. Speech sounds are enormously complex, and there is still con-
troversy about which of the multitude of acoustic features exhibited are in
fact the best purveyors of meaning. It could only benefit the infant to have
guidance in the extraction of particularly meaningful features from the
multitudes of varying reliability that speech presents.
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I see great promise in unifying such classical ethological concepts as the
‘releaser’ and the ‘innate release mechanism’ with psychological concepts
concerning perceptual development such as that of learned ‘schemata’.
To postulate innate responsiveness to certain stimuli in the young organ-
ism is by no means to commit it to a life of behavioral automaticity. On the
contrary, it is likely that in animals, as in man, innate responsiveness in
infancy will often become so heavily overlain and transformed by learn-
ingin the transition from youth to adulthood that its consequences will be
difficult to detect. Nevertheless I believe that the consequences for
behavioral ontogeny are likely to be considerable, tending to guide the
young organism along certain species-specific developmental trajectories
without necessarily sacrificing the many advantages that accrue from
behavioral piasticity.

Such guidelines are likely to be especially important in the develop-
ment of communicative behavior. While solitary behavioral innovations
may be of immediate value in certain domains, such as feeding behavior,
in communication there are special conditions to be satisfied before inno-
vations can become effective. Participants must share some common
rules in their behavior. I believe that, in our own species, innate con-
straints on development of the perception of stimuli generated by signal-
ling behavior must aid in achieving this end, while still allowing the
extraordinary diversity of culturally-determined behaviors that is diag-
nostic of the human condition.

Summary

A brief ‘ethologist’s’ review has been presented of data on the develop-
ment of speech perception in human infants, adult perception of natural
and synthetic speech sounds, and descriptive ‘ethograms’ of the acoustic
structure of speech. These demonsirate that there are universals in the
placing of boundaries on the acoustic continua that occur in natural
speech and that infants show innate predispositions to observe similar
boundaries. The theme of perceptual predispositions brought to bear on
learning tasks was then extended to animal studies. Japanese macaques
confronted with discrimination tasks in which the cues are natural or
synthetic calls of their own species learn to generalize much more quickly
than other monkey species trained with the same Japanese monkey calls.
Japanese monkeys seem predisposed to process their calls in the labora-
tory in ways that parailel their apparent natural meanings. Some song-
birds show an innate selectivity in accepting acoustic models for song
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learning. In human and animal studies initial responsiveness seems to be
focussed on elementary sound properties, with full appreciation of more
complex aspects of sound signals of the species remaining to be shaped
through learning. Innate perceptual predispositions guide the young
organism in learning to extract meaningful features from complex sound
stimuli. They will thus encourage the sharing of simple perceptual rules
by species members, facilitating communication without sacrificing the
advantages that accrue from the developmental plasticity of signalling
behaviors and their perception.



10.2. An ethological approach to
language through the study of speech
perception’

A. M. LIBERMAN

Introduction

Itis, I'hope, appropriate to the purposes of this volume that my approach
be the reverse of that taken by Peter Marler (chapter 10.1). Where he
begins with the biology of communication in animals and looks toward
man, [ would begin with the biology of language in man and look toward
the animals. I should emphasize that my aim is to complement what he
has said, not to contradict it. Indeed, there is nothing I would want to
contradict, for I find in his contribution the best hope we have for under-
standing certain aspects of human communication. I think especially in
this connection of the seminal research on the learning of song by certain
birds. That work has greatly enlightened us about the acquisition of
language by children; more so, by a striking irony, than most of those
vastly more numerous studies of language learning in humans that inves-
tigated the memorization of lists of unconnected (or unnaturally con-
nected) words. Perhaps there is a lesson here for us human ethologists,
which is that we can learn about language from birdsong if only because *
both are systems with biological function and biological integrity,
whereas the rote learning of lists of words is not. But I will say little more
about the work Peter Marler has described. I will only express my admira-
tion, acknowledge my debt, and then take my own stance, which is, asI
said, 180 degrees away.

! The preparation of this paper was aided by a grant to Haskins Laboratories from the
National Institute of Child Health and Human Developrment.
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Requirements for an ethology of language

To study language from an ethological point of view, we should meet at
least two requirements. The first is to establish that language does have
an ethology worth studying, for if we adopt certain views about lan-
guage, we should conclude that it does not. Thus, we might suppose that
language is an invention, as far removed from its biological base as the
kinds of things people do when they build and use automobiles and
sewing machines. That view is uncommon, perhaps, but we should
understand nevertheless that there are aspects of language for whichitis
exactly right. Written language, for example, is an invention of sorts and,
accordingly, not very interesting from an ethological point of view. In
spoken language, on the other hand, an ethologist will surely find
phenomena that are close to their biological roots, but he will just as
surely encounter others that, like written language, represent cultural
artifacts. At all events, the ethologist must make his way carefully, seek-
ing out the former and avoiding the latter.

There is another, far more common way of looking at language that
would also make us hesitate to study its ethology. In this view, language
is seen, not as unnatural, but as secondary, the epiphenomenal result of
more basic processes. Language has been so regarded by many
psychologists, including some who are of very different, even opposite,
theoretical persuasions. Thus, from the view of a ‘cognitive’ psychologist
like Piaget, language is an aspect of those same processes that underlie
cognitive activities in general (Piaget 1968). At the other extreme of
psychological theory, a behaviorist like Skinner treats language as
another set, albeit a large one, of conditioned responses {Skinner 1957). If
we find reason to agree with either, then we should not want to investi-
gate language, whether from an ethological point of view or from some
other, but rather those more basic processes of which it is presumably a
reflection. As for the communicative behavior of animals, we should then
suppose that it differs from ours for reasons that have nothing to do witha
faculty of language as such. We might, for example, even suppose that
animals do not talk because they have nothing to say. In any case, we
should want to study language from an ethological point of view only
after we have, by appropriate research, found characteristics that distin-
guish it from nonlinguistic processes in human beings and, perhaps,
from all processes in nonlinguistic animals.

A second, and even more obvious, requirement for an ethology of



684 Ontogeny of auditory perception

language is that its distinctive characteristics — or, at least, those we
choose to study — be accessible to scientific investigation. It hardly suits
our ethological purposes to have identified formal properties of syntax,
for example, if we cannot determine how their underlying processes
compare with those that result in the many other things that human
creatures do. In the ideal case, indeed, we should want to determine in
what form, if any, these same processes exist in nonhuman animals; and,
in order to gain further insight into such biological predispositions to
language as there may be, we should also want to be able to study these
processes in human infants, including especially those who are too young
to talk.

My aim is to suggest that both requirements can rather easily be met by
putting our attention on speech perception. I use the term ‘speech per-
ception’ in its narrowest sense to refer to just those events that occur
when, on being presented with the sounds of speech, a listener perceives
a string of consonants and vowels. There is nothing here of syntax or
meaning, only the relation between acoustic signal and the phonetic
message it conveys. In that relation we can, I think, find phenomena that
imply the existence of biological specializations for language. These can
be studied, not only in adult human beings, but also in presumably
nonlinguistic animals and in patently prelinguistic (human) infants. For
us ethologists, then, speech perception can be a window on language.
Not perfectly transparent, to be sure, but likely nevertheless to afford a
better view — at least for some purposes - than we can get by looking in at
the more abstract levels of syntax or semantics. But we will best see what
we are looking for if the biologically interesting characteristics of speech
perception represent the special characteristics of language. Bear with
me, then, while I say how language is special, at least in my view, and
then how that is exemplified in speech. My colleagues and I have written
on this matter at greater length in several papers (Liberman et al. 1967,
Liberman 1970, Liberman and Studdert-Kennedy, in press); however, 1
cannot presume that these have been widely read, so I will offer a brief
review.

A special characteristic of language and how speech partakes of it

Surely, the special characteristic of language is grammar, if by grammar
we mean the peculiar codes that make sense of the relation between
sound and meaning. So I will speak of grammatical codes, but instead of
dealing with their form, which is what students of language most com-
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monly worry about, I will ask rather about their function. For the
moment, then, our concern is not with what those grammars are, but
with what they do.

To appreciate the function of grammatical codes, it is helpful to see the
nature and limits of agrammatic communication. In an agrammatic mode,
which is common among animals and in man’s nonlinguistic communica-
tion, the relation of message to signal is straightforward. Each message is
dirvectly linked to a signal, and each signal differs holistically from all
others. There is no grammatical structure, only a list of all possible
messages and their corresponding signals.

Notice, now, that if all human communication were of that kind, we
should not have to wonder about distinctive linguistic processes. At the
one end, the signals would have to be discriminated and identified, but
that is what auditory perception is all about. At the other end, the
messages to which those signals are so directly connected would have to
be comprehended and stored, but that is the business of processes that lie
squarely in the cognitive domain. So, if we knew all about auditory
perception and all about cognition, we should understand perfectly the
perception of agrammatic communication.

Such agrammatic communication would, of course, be quite limited, so
much so that most of what we might want to say would be unsayable. For
agrammatic communication would work well only if there were agree-
ment in number between the messages we are capable of composing and
the holistically different signals we can produce and perceive. But the
number of messages we can generate and comprehend is uncountably
large, or so we might immodestly assume, while, in contrast, our vocal
tracts and ears can cope efficiently with only a relatively small number of
signals. It is precisely there, in that incompatibility, that we see the
function of grammar; for the need is to match the potentialities of the
message-generating intellect to the limitations of the sound-transmitting
vocal tract and sound-perceiving ear. In fact, that is what grammatical
processes do. They restructure the message, often drastically, so as to
make it differentially appropriate for the unmatched organs — those
primarily associated with thinking, remembering, listening, and breath-
ing—eating — that must deal with it, each in its own way.

To appreciate how very great that grammatical restructuring is, and
what it does for you and me, consider what would happen if you were to
try to recall what [ have said thus far. Assuming even the best case — that
is, that [ have made sense — you could not possibly remember how [
ordered phonetic segments into words, words into sentences, and sen-
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tences into coherent discourse. But, by using the grammatical processes
of phonology and syntax, you could extract from my utterances such
ideas as they might have contained. Those ideas, represented now in
some presumably nonlinguistic form, you could store in (long-term)
memory. On the occasion of recall you could once again use grammatical
processes to restructure the ideas into transmittable language. But your
language would be a paraphrase of mine. Your language and mine would
both be metaphors, as it were, related to each other and to their (more or
less) common meaning only by grammatical codes.

Thus, grammar serves to match a message generator, at the one
extreme, to a transmitter and receiver at the other. In so doing, it makes
human communication vastly more various and efficient than it would
otherwise be. But the gain is achieved at a price, since grammar entails a
peculiar complication in the relation between message and signal, and a
need for correspondingly peculiar processes to deal with it. Itis, [ should
think, in connection with those processes that the biological specializa-
tions for language exist.

What can we say, now, about the shape that those grammatical pro-
cesses might take? Looking at the matter from the standpoint of the
perceiver, we see that all the grammatical complications he must cope
with are just those that he produces when he assumes the role of speaker.
This is to say that the complications are internal to himself. But the same is
not true for all other forms of perception. The complications of shape
constancy, for example, are external o the perceiver, though he may have
aninternal model to deal with them; they are expressed, notin the rules of
grarmnmar, but in those of projective geometry. At all events, the special
grammatical processes that are necessary to perceive language might be
expected to have something in common with those that produce it. If so,
the key to grammatical codes would lie in the manner of their production.

So much for grammatical codes in general. Now what about speech?
Has the need for grammatical restructuring ended with the production of
the abstract representations of consonants and vowels? Given that the
processes of syntax and phonology have produced, finally, a string of
phonetic segments, can those segments be effectively represented at the
acoustic level in an agrammatic way, one acoustic segment for each
phonetic segment? Plainly, they cannot. Indeed, we can see the need for
grammatical restructuring even more clearly in speech than at the other
levels of language. The difficulties that agrammatic communication
would encounter at this level have been described in other papers
(Liberman, Mattingly, and Turvey 1972, Liberman and Studdert-
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Kennedy, in press). For our purposes here it is enough to speak of only
one of these, and that but briefly. Consider, then, that the phonetic
message is often transmitted at rates of twenty-five, or even thirty,
segments per second, at least for short stretches. Surely, it would be
impossible to speak that fast if the message segments were produced
agrammatically by a string of discrete gestures, one for each segment and
each in its proper turn. More to the point, given our emphasis on speech
perception, is the fact that it would be impossible to listen that fast if each
segment were, in similar fashion, represented by a unit sound, since
twenty-five or thirty such sound units per second would far overreach the
temporal resolving power of the ear.

In fact, the phonetic segments are not transmitted agrammatically.
There is a kind of grammar that links the phonetic message to the acoustic
signal; and, like the proper grammars of syntax and phonology,the
grammar of speech serves to match the requirements of the one level to
the limitations of the other. That is done, roughly speaking, in the
following way. First, the message segments, of which there are most
commonly about two to three dozen, are broken down into a somewhat
smaller number of features. Each feature is assigned, as it were, to a
gesture that can be made more or less independently of the others. The
gestures are organized into units larger than a segment — the coding unit
may be as long as a syllable or, in some cases, even longer — and then
co-articulated in such a way that gestures corresponding to features of
successive message segments are produced at the same time or else
greatly overlapped.

By this means, a speaker can produce phonetic segments at rates
several times faster than the rates at which he must change the state of
any muscle. Moreover, by encoding information about several successive
message segments into the same segment of the signal, he significantly
reduces the number of acoustic segments per second that the listener’s
ear must resolve. But, as in the other grammatical conversions, these
‘ gains have a cost: there is no direct correspondence in segmentation
between units of the message and units of the signal; also, the shape of
the signal that carries the information for a given segment of the message
will vary, often in apparently peculiar ways, depending on the nature of
the other message segments that are simultanecusly encoded with it.

Thus, in perception of speech, as in all of language, there is a peculiar
complication in the relation between message and signal and, presum-
ably, a need for an equally peculiar perceiver. Moreover, as will have been
obvious by this time, the complications the perceiver must cope with are
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only those that were introduced by the speaker. Once again, then, the key
to the codeis in the manner of its production. We might expect, therefore,
that the key would somehow be part of the perceptual process. If so, it
would, I should think, be the biologically distinctive part.

Some comments on the claim that speech perception is biologically
special

To suppose that speech perception is special is, of course, to imply that it
is not ordinary. The view that speech perceptionis only ordinary seesitas
an overlaid function, carried out by auditory processes no different from

those we use when we hear the roar of a lion, the pattern of rain, or the -

clang of a bell. That view is the narrow analogue of the broader one,
referred to earlier, that regards the whole of language as a more or less
incidental result of processes of cognition or conditioning that are not
specifically linguistic. The contrary view, which [ present here, is that
speech perception — and perhaps, the larger language system of which it
is a part — depends on biological specializations. In the case of speech
perception, these specializations can be of at least two kinds.

The first, which is perhaps the less interesting from an ethological point
of view, would be a specialization of the auditory system. Thus, there
may be devices specialized to respond to just those aspects of the acoustic
signal that are phonetically relevant. Such devices would be useful for the
purpose of extracting from the signal those physically inconspicuous
parts — e.g. rapid frequency modulations — that are nevertheless of great
importance from a phonetic point of view. If devices of that kind exist,
they would represent auditory specializations, not phonetic (or linguistic)
ones, though they would have developed in connection with speech. The
distinction between auditory and phonetic specialization, which is, I
think, an important one, has two aspects. First, the kind of auditory
specialization I have imagined could only sharpen and clarify the signal; it |
could not manage the grammatical peculiarities of the relation between
that signal and the phonetic message it encodes. Second, the specialized
auditory mechanisms would be called into play in the processing of all
sounds; hence, their perceptual consequences would be characteristic of
all auditory perception, not just of the perception of speech. That is surely
an important consideration, for if the specialization were extreme, then
perception of other biologically important sounds would be altered and,
perhaps, impaired.

The assumption of auditory specializations for speech has, of course, a
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counterpart for language in general — to wit, that the cognitive processes
have undergone evolutionary changes that make them somehow better
adapted for language. Itis difficult even to imagine what such specializa-
tions would be like, but, simply to make the point, let us take account of
the digital nature of language and suppose that the brain of a linguistic
animal like man might be, in general, better adapted to digital processes.
As in the auditory case, these cognitive specializations would apply in
general and not just to those activities that are associated with language.
Processes that are, perhaps, better carried outin an analogue mode—e.g.
spatialization ~ might then be adversely affected.

In any case, there may be a class of specializations for speech percep-
tion that would properly be considered auditory. Unfortunately, we can
find very little evidence that bears one way or the other on the matter (see
Liberman and Studdert-Kennedy, in press), so, having remarked the
possibility that special auditory devices might exist, we turn our attention
to a second possible specialization for speech, one of potentially greater
interest to ethologists.

This other specialization would serve to deal with the grammatical
peculiarities in the relation between acoustic signal and phonetic message
~ in particular, the lack of correspondence in segmentation and the
context-conditioned variation. It would presumably be called into play
only in the perception of phonetic structures, leaving nonspeech percep-
tion entirely unaffected; and the result of its operation would be a distinc-
tive mode of perception, the phonetic mode. Hence it would deserve to be
called a phonetic specialization.

The analogous assumption for the other aspects of language is, of
course, that they, too, depend on specialized grammatical processes and
result in a distinct linguistic mode of perceiving or thinking. I should
suppose, then, that, as [ have already suggested, the phonetic device we
are here considering would be an integral part of the larger specialization.

Following the argument of the earlier section, I will assume that the
special characteristic of the phonetic device is a biologically based link
between perception and production. Given such a link, speech percep-
tion is constrained as if by "knowledge’ of what a vocal tract does when it
makes linguistically significant gestures. The development of that know-
ledge may depend inimportant ways on experience, much as the learning
of song by some birds does, but we should suppose that, again as in the
case of the birds, those effects of experience rest on a strong (and special-
ized) biological base. Itis difficult, in the present state of ourignorance, to
know how that biological base should be characterized. Putting the mat-
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ter negatively, Ishould say that it seems hardly conceivable that, starting
with a tfabula rasa, the child could ever learn what he needs to know in
order to make sense of the peculiarities of the speech code. For if he had
only the speech signal, and no knowledge of vocal tracts, he could
entertain an indefinitely large number of hypotheses about how the
signal was produced, and a corresponding number of hypotheses about
the nature of the coded relation to the message. To ‘break’ the code, the
child would presumably need some biologically given limits on the kinds
of hypotheses he should consider — that is, some biologically given
‘knowledge’ about what vocal tracts do. A somewhat similar argument
has been made by Chomsky (1959) about the acquisition of syntax. The
point of the argument is that there is no automatic ‘discovery procedure’
by which a child can infer the grammar of a language from the (mostly
degenerate) examples he is offered. One supposes, then, that the child is
biologically predisposed to entertain only certain kinds of hypotheses,
presumably those that capture just the aspects of grammar that are
universal. In the case of speech, I am tempted to assume, analogously, a
special biological endowment that, given appropriate experience, enables
the child to learn what he needs to know about the relation of sound to the
manner of its production, and so to acquire the key to the code.

A few examples of putatively special phenomena of speech
perception

The point of this paper, it will be recalled, is that there are phenomena of
speech perception that can be shown to rest on specialized phonetic
processes, and that these can be looked for and studied, not only in adult
humans, but in human infants and nonhuman animals as well. I can offer
only a few examples of such phenomena here, and even these I must deal
with all too briefly. And, in order to keep technical phonetic and acoustic
details to a minimum, I will limit the examples to those that deal with a .
single and simple acoustic cue: silence. The reader who may wish to find
additional examples is referred to a recent review (Liberman and
Studdert-Kennedy, in press) and to the studies cited there; he may
also wish to see a short paper (Liberman and Pisoni 1977) written re-
cently. Several of the examples I will use here have appeared in those
papers, though I will also take advantage of some new data and
examples.

Before presenting the examples, which derive entirely from studies of
adult humans, I should say a word about how easy or difficult it might be
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to use them in research on animals and infants. To make it as easy as
possible, | have chosen only those examples — generally very simple ones
— for which it is possible to imagine straightforward behavioral tests.
(Unfortunately, some of the most interesting phenomena of phonetic
perception do notlend themselves to tests of that kind and can, therefore,
only be investigated in adult humans. See Libermanet al. 1967, Liberman
and Studdert-Kennedy, in press.) For some of the examples [ will offer, it
is quite likely that the appropriate tests can easily be made. Others may
prove less feasible. Among the latter are those in which we may discover
that the subject ~ in particular, the animal subject — lacks even the basic
sensory capacity that is necessary (but presumably not sufficient) for the
phenomenon we wish to study. In such cases we should hope to find
animals that have the necessary sensory capabilities, or else develop
other examples of the same general phenomenon that present fewer
difficulties of a purely sensory sort. Atall events, we ought, in one way or
another, to be able to make the appropriate tests.

When silence sounds like sound

Articulatory gestures that produce linguistically significant contrasts (for
example, ‘rabid’ versus ‘rapid’) typically have acoustic consequences that
are numerous, diverse, and distributed over a considerable stretch of the
acoustic signal. It is of interest from our point of view that these various
acoustic consequences have an equivalence in phonetic perception. That
equivalence is established by demonstrating that each such acoustic con-
sequence — let us call it a ‘cue’ — is more or less sufficient (with all other
cues held constant) to produce the perceived phonetic contrast. The
rather considerable evidence bearing on that point is reviewed in Liber-
man and Studdert-Kennedy (in press). I will offer one example here.
Consider the contrast between the words ‘slit’ and ‘split’. To articulate
the stop conscnant [p], which is the distinguishing segment in *split’, the
speaker must close his vocal tract for 50 msec. or so after making the
hissing noise associated with the fricative [s], and then open it as he
undertakes the remaining (vocalic) section of the syllable. (Omitting the p
in ‘slit’, the speaker does not completely close his vocal tract.) Among the
acoustic consequences of the closing and opening are two — shown
schematically in figure 1 - that will concern us here. One is the interval of
silence between s-noise and the vocalic section that corresponds to the
closure: relatively short silence for ‘slit’, relatively long silence for ‘split’.
The other is the effect on the acoustic spectrum at the beginning of the
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1. Schematic representations of the temporal (interval of silence) and spectral (initial for-
mant transition) cues for the perceived distinction between ‘slit” and “split’. (From Erickson
et al. 1977, A full account is in preparation.)

vocalic section thatis a result of the subsequent opening of the vocal tract:
the formants are initially level in ‘slit’, rapidly changing in ‘split’.

Let us look first at the effect of the silence cue as shown in an experi-
ment by Dorman, Raphael and Liberman (1976). They started with a (real
speech) recording of the word “lit’. To this they prefixed a brief patch of
s-noise, separating it from ‘lit’ by intervals of silence that varied from 0 to
650 msec. These stimuli were randomized and presented to listeners for
judgment as ‘slit’ or “split’. The results are shown in figure 2, where we
see that, with silent gaps from 0 to 60 msec., all listeners reported ‘slit’;
then, quite abruptly, they heard ‘split’; finally, at450 msec. of silence they
began, though now rather slowly, to hear ‘slit’ once again. We will not
concern ourselves here with the question: why “split’, not ‘sklit’ or ‘stlit’?
That is a separate issue, quite unrelated to our present interest, which is
only in the presence or absence of a stop consonant. What we have seen in
that connection is that appropriate variations in the amount of silence are
sufficient to produce the perceived contrast between the absence of a stop
in ‘slit” and its presence in ‘split’. If we suppose that the silence provides
the phonetic information that the speaker did (or did not} close his vocal
tract, and that the listener has a device specialized to make the appro-
priate interpretation, then silence proves to have just the sound we
should expect it to have: it sounds like a stop consonant.

What, then, of the spectral cue? What does it sound like and how does it
relate to the silence? For an answer, we turn to a recent experiment by
Erickson et al. (1977), in which the effect of silence on the ‘slit-split’
contrast was investigated under each of two stimulus conditions. In one,
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2. The effect of the interval of silence on the perceived distinction between “slit’ and “split’.
(From Dorman, Raphael and Liberman 1976: 203.)

illustrated by the example at the left of figure 1, there was a patch of
(synthetic) s-noise, followed by a (silent) gap that varied in steps of 16
msec. from 8 to 152 msec., followed then by a (synthetic) vocalic section
having at its onset straight formants appropriate for the syllable ‘lit’. In
the other set, illustrated by the example at the right of figure 1, all aspects
of the stimuli were the same except that there were, at the onset of the
vocalic section, formant transitions appropriate for the stop consonant [p]
in the syllable ‘plit’. These stimuli were randomized and presented to
listeners for judgment. The results are shown in figure 3. There we see
two almost parallel functions — one for s-neise plus ‘lit’, the other for
s-noise plus ‘plit’ ~ that show the percentage of ‘split’ judgments plotted
against the duration of the silent gap. The two functions are displaced
with reference to each other in such a way as to indicate that, in order to
convert ‘slit’ to ‘split’, 20 msec. less silence is necessary when the spectral
cues appropriate for the stop [p] are present. In effect, then, there is, in
this instance of phonetic perception, an equivalence between 20 msec. of
silence, on the one hand, and, on the other, the presence or absence of
certain transitions. Thus, a temporal cue sounds like a spectral cue.
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3. A trading relation in the perception of ‘slit’ and ‘split’ between temporal and spectral
cues. {From Erickson et al. 1977.)

One is naturally led to ask why two such different physical events —
and, indeed, itis difficult to imagine any two that would be more different
— should sound the same. The answer is presumably to be found in the
fact that these different acoustic cues are the distributed consequences of
the same linguistically significant gesture. They sound alike, then,
because both signal to a biologically specialized phonetic perceiver that
the speaker did or did not close and open his vocal tract in a way
appropriate for the production of ‘split’ (or ‘slit’).

Would such an equivalence exist in animals? On the basis of what we
know about auditory systems in general, I should think it unlikely. In any
case, we can find out, and, as we will see in a moment, by fairly simple
procedures. Moreover, we can also test for the equivalence in human
infants at various ages. We should especially want to do that because,
given the repeated association of spectral and temporal cues in speech,
we are tempted to suppose that the equivalence is learned. But could the
learning of such phenomenological equivalence possibly be arbitrary?
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That is, could it depend on the fact of association and nothing else?
Surely, two different sounds that are frequently associated in the world
will come to be associated in a listener’s mind; on hearing one, he will
expect to hear the other. Or, if they always signify the same thing, then
each may become a sufficient sign. But will they, with any amount of
association, come actually to sound alike, as in the case of the speech cues
they clearly do? The experimental literature on ‘acquired similarity’ — as
that possibility used to be called — together with the normal experience of
all of us suggest that they will not. I should think, therefore, that, while
experience may be necessary for establishing the perceived equivalence
of the speech cues, it is not sufficient. In any case, we may hope to learn
from research on infants whether the development of the equivalence
comes so early and so suddenly as to imply a strong biological predisposi-
tion to profit from the experience in the particular and, perhaps, particu-
larly human way that produces the effect we have observed in our
experiments.

But let us look now at how we can, by simple behavioral tests, deter-
mine whether animals and infants hear the silence and spectral cues as we
do. One possibly interesting experimental plan, drawn from the results
shown in figure 3 and previously discussed, is sketched in figure 4. There
we see four pairs of stimuli, the corresponding percepts, and the relevant
characterization of the cues. Pairs I and II illustrate that the perceived
contrast between “slit’ and ‘split’ can be produced by either of two acous-

Description of stimuli Perceptl . Characterization of cues .

Gap Vocalic Temporal Spectral Temporal Spectral

Bair 1 S-noise<:::§§glr_:: : :gjit ig;i! :S ;g] —» same  different
2air 11 smnoise-r:_f:fg?:_m_m_w!gt jg;it __l_g :g] — different  same

Pair 11 s-noise<:::f2§;t__:__;gt ;gﬂt Ig ;Ip) ] — different different

>air IV s-noise‘:::ic’gr?ét:::[ﬁm jgﬁj PO ] — different different

4. Diagrams illustrating the phonetically equivalent effects of spectral and temporal cues
and, also, the phonetically different effects produced by the two ways in which those cues
may be combined. (From Liberman and Studdert-Kennedy, in press; also in Liberman and
Pisoni 1977.)
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tic cues — one spectral, the other temporal. The patterns in each of these
pairs differ by only one cue. Pairs III and IV illustrate the effects of
combining the two cues, but in different ways and with different conse-
quences. InPair I1I, the spectral and temporal cues are combined in such a
way as to ‘add’ to each other and so enhance the perceived difference
between “slit’ and ‘split’. In Pair IV, on the other hand, the two cues are
combined so as to ‘cancel’ the perceived difference, with the result that
listeners hear ‘split’ in both cases. Putting aside further discussion of
what these patterns sound like, let us consider simply the relative diffi-
culty that a human adult would have in discriminating them. That can
only be inferred from the (phonetic) identification data of figure 3, but it
has now been verified by direct measures of discriminability in an ex-
periment by Fitch et al. (in preparation). In terms of increasing difficulty,
the order is: Pair Il (two-cue difference), Pairs [ and II (one-cue differ-
ence), Pair IV (two-cue difference). The point to note is that the easiest and
hardest discriminations have in common that the patterns differ by two
cues. One of the pairs with two cues different (Pair IV) is harder to
discriminate than either of the pairs that differ by only one cue (PairsIand
II). This is so, presumably, because the cues have, as it were, positive and
negative signs, or vector-like directions, for the perceptions they induce;
we should suppose that such signs, or such directions, exist only in the
phonetic mode. If so, then animals should show a different order of
relative difficulty. For them, Pairs IIl and IV ought to be of approximately
equal difficulty, since the patterns in each differ by two cues; and both of
these pairs should be easier than Pairs I and II, in which the patterns are
distinguished by only one cue in each case. If the expected difference
between adult humans and animals is found, we should want then to test
infants at various ages. At all events, the test should be an easy one to
malke: the dependent variable is only ease of discrimination; the compari-
son to be made is only in the relative order of difficulty; and the expected
result with animals (if obtained) cannot reasonably be attributed to inat-
tention or lack of motivation.

When the sound of silence depends on how many are talking: phonetic
constraints of an ecological sort

Thave suggested that the biologically distinctive characteristic of phonetic
perception is that it is governed as if by knowledge of what a vocal tract
does when it makes linguistically significant gestures. We should ask
now: whose vocal tract? A proper regard for the ecological realities sug-



Approach to language through speech perception 697

gests it can hardly be that of the listener, nor yet of the speaker; for if the
listener is to cope with the fact that he is commeonly exposed to several
talkers simultaneously, he must make his perceptual calculations in
terms of some abstract conception of the behavior of vocal tracts in
general.

To see how that is, consider another example of the sound of silence.
Suppose we record the sentence, “You will please say shop again.” Now
we introduce silence between the end of ‘say’ and the beginning of ‘shop’,
and find, not surprisingly, that, with just the right amount of silence,
listeners hear, ‘You will please say chop again.’ I say ‘not surprisingly’
because, to produce the affricate — that is, the stop-initiated fricative - in
‘chop’ instead of the fricative in ’shop’, a speaker must close his vocal tract
for a brief period and, in the process, introduce a brief period of silence
(Dorman, Raphael and Liberman 1976). To a listener, that silence pro-
vides the information that the speaker closed his vocal tract just long
enough to have said ‘chop’; hence, ‘chop’ is what the listener perceives.
Butif there were two speakers, one saying ‘You will please say’, the other
‘shop again’, then the period of silence between the words ‘say’ and
‘shop’ (or ‘say’ and ‘chop’) would not, in principle, supply useful phone-
ticinformation: given intentional collaboration, or the accidents of speech
when two are talking, one person might say “You will please say’ and the
other ‘chop again’ with zero interval of silence between ‘say’ and “chop”.
Our experiments reveal that listeners behave as if they knew that per-
fectly well.

One of those experiments (Dorman, Raphael, and Liberman 1976; for a
similar experiment, see Dorman et al. 1975) was performed with the
utterance I have here used as an example. In one condition, we recorded a
male speaker saying ‘You will please say shop again.” In the other, we
recorded a female saying ‘You will please say’ and joined that to the ‘shop
again’ as previously recorded by the male. In both conditions, the ex-
perimental variable was the duration of silence between the words “say’
and ‘shop’. The result was quite straightforward. In the one-voice condi-
tion, all listeners heard ‘say shop’ or ‘say chop’ depending on the pres-
ence (or absence) of the appropriate amount of sitence. In the two-voice
condition, on the other hand, listeners heard ‘say shop’ at all intervals of
silence. Thus, they behaved as if, knowing that two vocal tracts can do
what one vocal tract cannot, their perception of speech was governed by
some quite abstract conception of vocal tracts in general. It would, 1
should think, be interesting from an ethological point of view to find out
when infants begin to behave that way.
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When the sound of silence depends on how fast the speaker is talking

One of the interesting problems that a speech perceiver must contend
with is that which is created when speakers articulate at different rates.
The problem is the more interesting because variations in rate do not
affect all portions of the acoustic signal equally (Gaitenby 1965, Lehiste
1970, Huggins 1972): some portions are stretched (or compressed), others
not, or not to the same degree. Presumably, then, the listener cannot
make the necessary adjustment by, as it were, simply multiplying the
acoustic signal by a constant factor. If he adjusts properly, itis as if he had
some knowledge of the disproportionalities that are associated with rate
variations, or, more generally, of the articulatory mechanisms that gener-
ate them. It would be particularly interesting, then, to know whether
animals can make those adjustments, and at what age infants do so.

Unfortunately, the matter of adjustment for rate has been very little
studied in adult human beings, so we do not have a large set of examples
to choose from. There is, however, a recent study (Repp et al., in press)
that is particularly appropriate for our purposes if only because it deals
with the same silence cue to which we have become accustomed.

Inthis study, we are concerned once more, then, with the role of silence
in converting ‘Please say shop again’ to ‘Please say chop again.’ But this
experiment adds two new variations: one is in the duration of the noise
associated with the fricative [sh] in ‘shop’; the other is in the rate at which
the carrier sentence is articulated, more slowly in one condition and more
rapidly in the other. (The several durations of the friction noise were the
same in the two-rate conditions.) As I have implied, the experimental
variable in all cases was the duration of silence between ‘say” and ‘shop’.

The results are shown in figure 5. There, the percentage of ‘chop’
judgments is plotted as a function of the duration of silence between “say’
and ‘shop’. As usual, the silence cue is sufficient to produce the percep-
tual contrast between ‘shop” and ‘chop’. We also see that at both rates of
articulation the amount of silence necessary for the affricate ‘chop’ is
greater as the duration of the friction noise is longer. This is so because
duration of friction noise is itself a cue to the fricative-affricate distinction
- longer noise biases the perception toward the fricative [sh]. Thus, we
have still another relation between different acoustic cues, similar in
principle to the one between temporal and spectral cues described earlier.
In this case, the relation establishes an equivalence in phonetic perception
between durations of silence and durations of noise.
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*You will please say chop again’ of orthogonal variations in the duration of the silent interval
(immediately preceding ‘shop’), the duration of friction noise (in ‘shop’), and the rate of
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1977.)
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More relevant to our present concern, however, is the variation in rate
of articulation. There, we see an effect that is, apparently, paradoxical:
when the rate of articulation of the carrier sentenceis increased, while the
duration of the noise is held constant, listeners require more silence to
hear ‘chop’. But perhaps that comparison is not altogether proper, since it
assumes that the duration of noise should remain fixed as rate of articula-
tion increases, whereas it would, presumably, be shorter as the rate is
faster. So, perhaps the more appropriate way to view the results is to look
at the different effects on the silence cue of the two ways of shortening the
duration of the noise: within the same rate condition, which is roughly
equivalent to what would have happened (to the noise) if the speaker had
changed the articulation from ‘shop’ to ‘chop’; or by moving across the
rate conditions, which is roughly equivalent to what would have hap-
pened to the duration of the noise, if, while continuing to say ‘shop’, the
speaker had simply speeded up. Consider, first, the effect of shortening
the noise while holding the rate constant. At the slow rate, we see that the
‘boundary’ value for the silence cue — that is, the point on the silence
continuum at which the listeners’ judgments are 50% ‘shop’ and 50%
‘chop’ — goes down from about 41 msec. at 100 msec. of noise to 35 at 80
and then to 28 at 60; at the fast rate, the boundary for the silence cue
moves from 50 at 100 msec. of noise to 42 at 80 and then to 37 at 60. But
look now at the different effect of shortening the noise across rate condi-
tions — that is, when the same reductions in noise durations are made by
changing the rate of articulation. As the noise duration is reduced from
100 msec. at the slower rate to 80 at the faster rate, the boundary for the
silence cue does not decrease at all; in fact, it increases very slightly from
41 msec. to 42 msec.; then, with further reduction in noise duration from
80 msec. (slower rate) to 60 (faster rate), the boundary value for the silence
cue again increases slightly, this time from 35 to 37 msec.

I believe that the disproportionality in the perceptual results just
described may reflect the listeners’ sensitivity to a disproportionality in
the acoustic effects of varying the rate of articulation: perhaps duration of
the noise associated with the fricative generally changes more with rate of
articulation than does the stop closure. If so, then we see here an instance
of the rather complex perceptual adjustment to rate variation that we
earlier wondered about and, in that connection, a demonstration of how
very exact is the listener's knowledge of the particulars of vocal tract
dynamics. But I hasten to say that, at this writing, we do not have
definitive data about the acoustic effects of varying articulatory rate, so
we can have no great confidence in that particular interpretation. Still, itis
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of interest from our point of view that the two ways of varying the
duration of noise — by changing the phonetic segment, as it were, or by
changing the rate of articulation - have different perceptual consequences
for our adult listeners. How special are the calculations that underlie that
distinction?

When the sound of silence is heard (or not) in one syllable depending on an
acoustic cue in the next syllable

As 1 said in an earlier section of this paper, a very general and important
characteristic of the speech code is that there is no direct correspondence
in segmentation between segments of the phonetic message and seg-
ments of the acoustic signal. The rapid switches of sound source that
occur during articulation often cause the information about a single
phonetic segment to be spread through several acoustic segments; on the
other hand, normal co-articulation often collapses information about sev-
eral phonetic segments into a single segment of sound. A general conse-
quence is that, at any given instant, the speech signal is likely to be
carrying information about more than one phonetic segment. It is this
characteristic that justifies our speaking of the relation between phonetic
message and acoustic signal as a code rather than a cipher— or, indeed, as
grammatical rather than agrammatical — and it is this same characteristic
of speech that, perhaps more clearly than any other, would appear to be
beyond the capacity of ordinary auditory devices. The task is not simply
to respond to a complex acoustic pattern, but to recover a message froma
signal in which itis peculiarly encoded. In that sense, perceiving speech s
not so much a matter of complex pattern recognition as it is of crypt-
analysis.

We should have no difficulty finding examples of the curious relationin
segmentation between message and signal; their number is legion. The
trick is rather to find some that lend themselves to relatively simple
behavioral tests with animals and infants. A recent study (Liberman et al.
1977, and Repp et al. in press) presents a possibility, and happily for us, it
deals yet again with the silence cue.

We begin with a recording of the sentence, ‘He saw the gray ship.” The
experimental variable is, as in all our other examples, the duration of
silence —in this case, between the words ‘gray” and ‘ship’. The parameter
of the experiment is the duration of the friction noise associated with the
fricative [sh] in “ship” (or the affricate [ch] in ‘chip’). There were eleven
durations of silence, ranging from 0 to 100 in steps of 10 msec.; the
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durations of friction noise were set at 62, 102, 142, and 182 msec. The
resulting patterns were randomized and presented to listeners for judg-
ment as ‘(He saw the) gray ship, gray chip, great ship, or great chip’. The
results are shown in figure 6, where the responses are plotted as a
function of duration of silence for each duration of friction noise. We see,
first, that at all noise durations the listeners reported hearing ‘gray ship’
when the duration of silence was less than approximately 30 msec. That
is, when the silence was insufficiently long, listeners heard neither a stop
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6. The relation between duration of silence and duration of friction noise in the perception
of fricative, affricate, and stop consonant, demonstrating how the perception of a phonetic
segment (the[t] of ‘great’) is determined by an acoustic cue {the duration of the friction noise
of ‘ship’) that lies in the following syllable. (From Repp ¢t al., in press; also in Liberman
et al. 1977.)
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(as in ‘great’) nor a stop-initiated fricative (i.e. affricate, as in ‘chip’),
which is exactly what we should expect, given the results described
earlier. If we look now at the results obtained with the shortest duration of
noise (62 msec.), we see another familiar result: when the duration of the
silence becomes long enough, listeners perceive a stop-like effect, report-
ing the affricate in ‘gray chip’ (instead of ‘gray ship). But consider now
the result when the duration of fricative noise is long (182 msec.). To
produce a stop-like effect in this condition, more silence is necessary, as it
was indeed in the experiment described earlier. What is novel and par-
ticularly interesting, however, is that, under the particular conditions of
this experiment, the stop-like effect is attached to the end of the ‘gray’
syllable: the listeners perceive, not ‘gray chip’, but ‘great ship’. Thus,
with all other aspects of the pattern held constant, it is possible to
interconvert between the words ‘gray’ and ‘great’ — that is, to add or
subtract the syllable-final stop consonant— by altering the duration of the
noise associated with the fricative (affricate) in the next syllable. The effect
is the more interesting, since adding the [t], which is commonly assumed
to be a transient from an acoustic point of view, is accomplished by
making the noise in the next syllablé longer (that is, less transient).

It is not difficult to find a plausible explanation for the results just
described. Consider, as we have before, that an appropriate interval of
silence signals that the speaker closed his vocal tract, as he must to
produce either a stop or an affricate. The listener will, as a consequence,
tend to hear one or the other of those phones. But the duration of the
friction noise is also an important cue for the affricate, distinguishing it
from the corresponding fricative: relatively short noise for affricate, rela-
tively long for fricative. Given a relatively short duration of noise at the
onset of the second syllable, the listener takes the relatively long silence
(hence closure) to mean an affricate: he hears ‘gray chip’. But given a
relatively long duration of noise at the onset of the second syllable, and
the same relatively long silence as before, the listener perceives the
fricative in ‘ship’, which accords with the long duration of the noise; then
he adds a stop consonant [t] to the end of the previous syllable “gray’,
which converts it to ‘great’ and allows him to take account of the vocal-
tract closure that was signaled by the silence.

It is somewhat beside the point whether that account is exactly correct
or not. For our purposes, the important fact is that a sufficient cue for the
distinction ‘gray’ versus ‘great’ is in the duration of noise associated with
the fricative (or affricate) at the beginning of the next syllable. Will
animals decode the signal that way, and at what age will infants do it?
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Summary

My aim has been to suggest that an ethologist might want to study the
perception of speech because it is an integral and reasonably represen-
tative part of the language process, yet it can be investigated experi-
mentally, notonly in adult humans, but also in nonhuman animals and in
human infants. Moreover, research on adult humans has already unco-
vered certain phenomena that strongly imply the existence of biological
specializations for phonetic (as distinguished from auditory) perception. I
have offered several examples of these, all taken from recent research on
the role of silence in the perception of stop and affricate consonants.



Comments on papers by Marler and
Liberman

D. PLOOG

The two papers by Peter Marler and Alvin Liberman which I will now
review are papers with complementary approaches. They refer to differ-
ent sets of experimental data but share similar aims. Marler focuses on
animal communication, especially in monkeys and birds, and looks
toward man, while Liberman focuses on language, and looks towards the
animals.

I have the feeling that facts and concepts in the field of auditory
perception are less well-known to ethologists, anthropologists, and
psychologists and perhaps technically more difficult to understand than
some other aspects of ethology with which this volume is concerned.
Therefore I shall take the liberty of going into some technicalities. In the
course of my comments you will, T hope, develop a feeling for the beauty
of these experiments because of the precision of measurement that can be
achieved, because of the reproducibility of the results, and because of the
straightforward strategies that can be employed to ask specific questions.

One of the chief concerns in ethological research is the observationand,
if possible, the quantification of motor behaviour. In the studies of audit-
ory perception and speech perception discussed by Marler and Liberman
a very specialized kind of motor behaviour, namely vocal behaviour, is
used as stimulus material. Please note that we are dealing here with
natural stimuli chosen from the species-specific vocal repertoire of mon-
keys, birds, and man.

On a sound spectrogram as in figure 1, the frequency modulation of a
sound is usually plotted over time, However, the spectrogram does not
show what the perceiver of a sound perceives. This is a key issue for the
understanding of the experiments: the distribution of acoustic energy as
705
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Kilocycles

Kiocycles

+ 100 msec

1. Spectrograms of synthetic speech showing two conditions of voice-onset-time (VOT):
slight voicing lag in the upper figure and long voicing lag in the lower figure. The symbols
F-1, F-2, and F-3 represent the first three formants, that is, the relatively intense bands of
energy in the speech spectrum (Eimas ef al. 1971).

reflected in the spectrogram does not correspond to the percept of the
stimulus receiver. This is definitely so in the perception of speech sounds,
as you will see in a moment. Whether this is also true for monkeys, birds,
and other animals we do not know as yet, but for reasons which I will
explain later it would be of great interest to find out.

The next thing one should know for the understanding of the experi-
ments is the way in which a given vocal gesture — our stimulus configura-
tion — can be technically manipulated. Listen to the sound shift from [pa]
to[ba]: this series, and many such sounds, can be produced by amachine.
Speech sounds and animal calls can be synthesized. Each parameter
which contributes to the sound, such as frequency transitions, pauses in
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these transitions, and the duration of transitions, can be manipulated
independently of the others, and the corresponding percept of the lis-
tener can be ascertained. In the [bal-{pa] example, the one parameter that
is systematically varied is the parameter called voice-onset-time (VOT).
The VOT (see figure 1) is the time between the release of the consonant
and the onset of voicing, or, to be more precise, the number of milli-
seconds by which the release of a consonant precedes voicing. Conson-
ants with shorter VOTs are perceived as voiced (as in [bal); consconants
with longer VOTs are perceived as voiceless or, better, unvoiced.

This is, I think, all we need to know about the technicalities. Marler is
very much intrigued by investigations of the perceptual processing of
speech stimuli by human adults and infants. Such studies merit close
attention from ethologists working on analogous problems with animals.
Since the human data which Marler cites bear directly on Liberman’s
contribution — and are in fact either generated or incited by him - I will
give you only one example for the human infant. Again I will use the
[bal-{pa] paradigm. One-month-old infants are exposed to the [bal{pal
sequence of speech sounds. The VOT is extended in 10- or 20-msec. steps
from, say 10 to 60 msec. Neither these young infants nor adults who listen
to such a VOT continuum perceive the continuum as such but rather as a
sudden shift from [ba] to [pa]. The shift always occurs at a sharp bound-
ary, about 40 msec. VOT. Before that time both infant and adult listeners
hear [ba], thereafter they hear [pa]. I will not explain here how this
sudden shift in the percepts can be precisely ascertained in young infants.
I will merely state that this finding has been confirmed by several inves-
tigators with varying methods and different speech sounds. This evi-
dence for a distinctive mode of perceptual processing has become known
as categorical perception. Moreover, testing infants in very different
linguistic environments has led to the same results, that speech sounds
are perceived in the categorical mode. Obviously, categorical processing
has the consequence of grouping stimuli into classes, imposing a particu-
lar kind of order on the varying acoustic patterns.

For the purpose of comparison let us now shift to monkeys. Although
there are a number of studies on the vocalizations of various species of
monkeys, very little is known about the functions of vocal signals. As
Marler rightly states, it is virtually impossible to assay the communicative
function of these signals until we have some understanding of how the
signals are processed during perception.

Among the many graded calls of the Japanese macaque there is a
variety of ‘coos” on which I want to focus now (see figure 3, chapter 10.1
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above). Steven Green has identified a significant feature within the vari-
ety of coos: the temporal position of a frequency rise. The rise may occur
atany point of the coo (see ‘Coo type’, figure 3). Early and late frequency
rises correlate with different circumstances of production. For example,
the rises referred to as ‘smooth early highs’ are contact coos emitted by
isolated animals; “smooth late highs’, on the other hand, are typically
emitted by a subordinate monkey towards a dominant one. During one
phase of experiments Japanese macaques were trained to respond condi-
tionally to playback of different classes of coo calls. They achieved a high
criterion of performance quite rapidly, whereas the two other species
trained — the vervet monkey and the pig-tailed macaque — had enormous
difficulty in generalizing to new tokens of the two classes. The smooth
early-smooth late distinction appears to be a relevant distinction for the
Japanese macaque but an alien one for the other species. One is tempted
to argue that Japanese macaques exhibit a special predisposition to pro-
cess coo sounds in a particular way that parallels their apparent meaning.
The stimuli are clearly not equivalent to conspecific and alien adults, as
classical learning theory would have led us to expect. That the principal of
equipotentiality - one of the assumptions of learning theory — does not
hold for a number of learning processes is beautifully demonstrated by
Marler’s experiments on song learning in swamp sparrows. A male of this
species presented with a natural choice of songs of a congeneric species to
copy will selectively learn conspecific models. There are surprising paral-
lels between the song learning of birds and the development of the
perception of speech in human infants. Just as our infants are predis-
posed to respond selectively to particular aspects of speech sounds before
speaking themselves, so some young songbirds are responsive to
species-specific features of song before they themselves begin to sing.
This might be a good point to turn back to the human case. In the
studies on speech perception which I have discussed so far certain
phenomena have come to light that strongly imply the existence of
biological specializations for phonetic — as distinguished from auditory—
perception. This is, in fact, the key issue of Liberman’s paper, which is
concerned with the relation between the acoustic signal and the phonetic
message it conveys. There is a kind of grammar that links the phonetic
message to the acoustic signal. How this transformation takes place will
be exemplified in a few minutes. The transformational process involves
the encoding of information about several successive message segments
into the same signal, with the result that the speaker significantly reduces
the number of acoustic segments per second that the listener’s ear must
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resolve. As we shall see, the key to the phonetic code is in the manner of
its production. To make things relatively easy, Liberman has concen-
trated on one striking phenomenon, the role of silence in the perception
of consonants.

There is space for only one example. Suppose, he says, we record
someone saying the sentence “You will please say shop again.” Now we
introduce silence between the end of ‘say’ and the beginning of ‘shop’.
How this is done in the right sequence you can see in figure 1 of chapter
10.2 above, although it is not the same example I am reporting now. With
just the right amount of silence we find that listeners hear, “You will please
say chop again.’ To produce the affricate in ‘chop’ instead of the fricative in
‘shop’ a speaker must close his vocal tract briefly, thus introducing a
period of silence. To a listener, that silence provides the information that
the speaker closed his vocal tract just long enough to have said ‘chop’; so
‘chop’ is what the listener perceives. But if there were two speakers, one
saying, ‘You will please say’, the other ‘shop again’, then the period of
silence between the words ‘say’ and ‘shop’ (or ‘say’ and ‘chop’) would
not, in principle, supply useful phonetic information. In experiments of
this sort with one or two speakers and varying amounts of silence be-
tween ‘say’ and ‘shop’ the results were quite straightforward. In the
one-voice condition, all listeners heard ‘say shop’ or ‘say chop” depend-
ing on the presence or absence of the appropriate amount of silence. In
the two-voice condition, on the other hand, listeners heard ‘say shop’,
which was presented to them, at all intervals of silence. Thus, they
behaved as if they knew that two vocal tracts can do what one vocal tract
cannot. As Liberman says, it would be interesting to find out when
infants begin to behave that way.

Inmy opinion the mostimportant notion Liberman advances is the idea
that the special characteristic of the phonetic device is a link between
perception and production. Given such a link, he says, speech perception
is constrained as if by innate ‘knowledge’ of what a vocal tract does when
it makes linguistically significant gestures. For the language acquisition
process this means that the child would need some biologically given
‘knowledge” about what vocal tracts do.

Summing up the message of both papers, I should like to repeat that
speech perception depends on biological specialization and is considered
to be an integral part of the larger specialization for language. We may
think of the perceptual predisposition in human infants as initial instruc-
tions to set the trajectory for development of learned responsiveness in
the language acquisition process.
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The comparative studies on monkeys and birds may remind us that the
specialization in humans might be one special device among many for
auditory perception. The study of speech perception seems to disclose
the most pertinent ethological problems which we have been discussing
here: the development of perception, a specialized stimulus-response
relationship, selective learning through species-specific predisposition,
and thereby the nature—nurture intercalation — all at a level of analysis
which is very close to central nervous mechanisms, an aspect of speech
perception which I cannot discuss here.
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